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ABSTRACT 

 

Chronic Rh inos inus i t is  (CRS)  is  a  complex  immune- med ia ted  

chron ic condi t ion of  the upper  resp ir atory  sys tem  charac ter ised by a  

var i able c l in ical  course and pr esen tat ion .  Cl in ical ly  i t  is  

charac ter ised in to  CRS  with  and wi thout  po lyps  (CRSwNP and  

CRSsNP,  respec t ively ) .  The work des cr ibed with in  th is  thes is  a imed  

to  help  fur the r  advance  the  unders tanding  of  the pa thophys iology of  

CRS,  with  a  focus  on b iomarkers  that  opt imize  pat ien t  and treatmen t  

select ion,  and predic t  ther apeu ti c  respons e.  S tud ies  were conduc ted  

to  ident ify  re levant  b iomarkers  in  CRS  pati ents .  The f irs t  s tudy 

inves t igated the  cl in ica l  f ea tures  of  CRS  pat ien ts  to  assess  whether  

ther e were factors  assoc ia ted  w ith  pre-  and pos t -opera t ive  

compliance .  Second ly,  b iomarkers  were ident if ied through a  

l i t era tur e s ear ch to  de termine wh ich  wou ld be good candidate s  for  

th is  pre l iminary s tudy.  F ina l ly ,  to  de termine if  ident if i ed biomarkers  

had potent ia l  for  fu ture  c l in ica l  app li ca t ion ,  we  exp lored th is  set  of  

b iomarkers  to  be us ed in  a  cl in ica l  t r ia l  o f  CRS pat ien ts  compar ing 

med ica l  and  surg ical  t r ea tment  op tions .  Concurr ent ly ,  we examined  

the effects  o f  c lar i thromycin on the in -vi tro  express ion of  se lected  

biomarkers  in  CRS.  

The  f irs t  s tudy demonstr ated tha t  dura t ion  of  d is ease,  nasal  

al l ergy and pres ence of  comorbidi t i es  were rel at ed to  pr e -  and pos t -

compliance in  CRS  pa ti ents .  A total  of  36  biomarkers  were iden tif ied 

by the l i ter atur e search.  Thes e biomarkers  were assessed for  their  

abi l i ty  to  de termine endo types  through  c lus ter  analys is .  From th is ,  

CRS was  d ivided  in to  s ix  clus ters .  P er ios t in  and  IL- 31 were  

iden tif ied as  cu t -off  poin ts  by tree analys is .  Our  in - vi tro  resu l ts  

sugges ted that  c lar i th romycin  may be of  value in  decreas ing  IL- 8 a t  

4h.  These r esul ts  offe r  some prel iminary  data for  f ur ther  r esea rch.  

In  conclus ion,  these  s tud ies  add ev idence to  suppor t  the 

hypothes is  that  endotypes  prov ide ins igh t  in to  the pa thophys iology 
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of  CRS,  and enab le  r esear chers  and cl in ic ians  to  be t t er  character ise  

and se lect  optima l  t reatmen t  op tions  in  CRS pat ien ts .  

  



Access Condition and Agreement 
 
Each deposit in UEA Digital Repository is protected by copyright and other intellectual property rights, 
and duplication or sale of all or part of any of the Data Collections is not permitted, except that material 
may be duplicated by you for your research use or for educational purposes in electronic or print form. 
You must obtain permission from the copyright holder, usually the author, for any other use. Exceptions 
only apply where a deposit may be explicitly provided under a stated licence, such as a Creative 
Commons licence or Open Government licence. 
 
Electronic or print copies may not be offered, whether for sale or otherwise to anyone, unless explicitly 
stated under a Creative Commons or Open Government license. Unauthorised reproduction, editing or 
reformatting for resale purposes is explicitly prohibited (except where approved by the copyright holder 
themselves) and UEA reserves the right to take immediate ‘take down’ action on behalf of the copyright 
and/or rights holder if this Access condition of the UEA Digital Repository is breached. Any material in 
this database has been supplied on the understanding that it is copyright material and that no quotation 
from the material may be published without proper acknowledgement. 
 



   

 

 4 

LIST OF CONTENTS 

A B S T R A CT  2  

L I S T  O F  CO NT E NT S  4  

L I S T  O F  T A B L E S  9  

L I S T  O F  F I GU R E S  10  

A CKNO W L E D GME NT S  12  

D I S S E MI NA T I O N  14  

L I S T  O F  A B B R E VI A T I O NS  17  

I  –  I NT R O D U CT I O N  21  

1. 1.  A N A T O M Y  A N D  P A T H O P H Y S I O L O G Y  O F  T H E  U P P E R  R E S P I R A T O R Y  T R A C T  21  

1.1 . 1  A N A T O M Y  O F  T H E  N O S E  A N D  T H E  P A R A N A S A L  S I N U S E S  21  

1.1 . 2  P H Y S I O L O G Y  O F  T H E  N O S E  A N D  T H E  P A R A N A S A L  S I N U S E S  23  

1.1 . 3  P A T H O P H Y S I O L O G Y  O F  T H E  U P P E R  R E S P I R A T O R Y  T R A C T  23  

1. 2.  A N A T O M Y  O F  T H E  I M M U N E  S Y S T E M  24  

1.2 . 1  A N A T O M Y  O F  T H E  U P P E R  R E S P I R A T O R Y  I M M U N E  S Y S T E M  24  

1. 3.  R H I N O S I N U S I T I S  29  

1.3 . 1  D E F I N I T I O N  29  

1.3 . 2  C R S  31  

1.3 . 3  E P I D E M I O L O G Y  O F  C R S  32  

1.3 . 4  C L I N I C A L  S U B T Y P E S  O F  C R S 33  

1.3 . 5  D I A G N O S I S  O F  C R S  35  

1.3 . 6  T R E A T M E N T  O F  C R S  37  

1.3 . 7  P A T H O G E N E S I S / I M M U N I T Y  M E C H A N I S M S  O F  C R S  39  

1.3 . 8  S Y S T E M I C  D I S E A S E S  W I T H  C H R O N I C  R H I N O S I N U S I T I S  A S  A  C O M M O N  E N D  

P O I N T  44  

1. 4.  B I O M A R K E R S  I N  R E S P I R A T O R Y  D I S E A S E S  45  



   

 

 5 

1.4 . 1  B I O M A R K E R  D E F I N I T I O N  45  

1.4 . 2  D E V E L O P M E N T  O F  B I O M A R K E R S  F O R  R E S P I R A T O R Y  C O N D I T I O N S  46  

1.4 . 3  B I O M A R K E R S  I N  C R S  48  

1. 5.  H Y P O T H E S E S  49  

1. 6.  A I M S  49  

I I  –  ME D I CA L  CO M PL I A NCE  52  

2. 1  I N T R O D U C T I O N  52  

2. 2  M E T H O D S  53  

2.2 . 1  P O P U L A T I O N  53  

2.2 . 2  D A T A  E X T R A C T I O N  55  

2.2 . 3  S T A T I S T I C A L  A N A L Y S I S  55  

2. 3  R E S U L T S  56  

2.3 . 1  P A T I E N T S ’  C H A R A C T E R I S T I C S  56  

2.3 . 2  P R E V A L E N C E  O F  M E D I C A T I O N  C O M P L I A N C E  59  

2.3 . 3  A S S O C I A T I O N  B E T W E E N  C O M P L I A N C E  A N D  C L I N I C A L  H I S T O R Y  O R  P R E D I C T O R S  

O F  C O M P L I A N C E  63  

2. 4  D I S C U S S I O N  67  

I I I  –  L I T E R A T U RE  R E VIE W 70  

3. 1  I N T R O D U C T I O N  70  

3. 2  M E T H O D S  71  

3.2 . 1  E X T E N S I V E  L I T E R A T U R E  S E A R C H  71  

3.2 . 2  S Y S T E M A T I C  R E V I E W  71  

3.2 . 3  D A T A  A N A L Y S I S  72  

3. 3  R E S U L T S  72  

3.3 . 1  E X T E N S I V E  L I T E R A T U R E  R E V I E W  72  

3.3 . 2  S Y S T E M A T I C  R E V I E W  77  

3. 4  D I S C U S S I O N  89  

I V  –  S U B J E CT S  A ND  ME T H O D S  90  

4. 1  S U B J E C T S  A N D  E T H I C A L  C O N S I D E R A T I O N S  90  



   

 

 6 

4. 2  H U M A N  S A M P L E S  93  

4.2 . 1  S E R U M  C O L L E C T I O N  93  

4.2 . 2  N A S A L  T I S S U E  C O L L E C T I O N  93  

4.3  M O L E C U L A R  B I O L O G Y  M E T H O D S  93  

4.3 . 1  B I C I N C H O N I N I C  A C I D  (B C A )  P R O T E I N  A S S A Y  93  

4.3 . 2  E N Z Y M E - L I N K E D  I M M U N O S O R B E N T  A S S A Y  (E L ISA )  94  

4.3 . 3  L U M I N E X  94  

V  -  A S S A Y  D E VE L O PME NT  100  

5. 1  I N T R O D U C T I O N  100  

5. 2  S A M P L E  E X T R I N S I C  C H A R A C T E R I S T I C S  101  

5.2 . 1  I N T R O D U C T I O N  101  

5.2 . 2  M E T H O D S  102  

5.2 . 3  R E S U L T S  103  

5. 3  I N T R I N S I C  C H A R A C T E R I S T I C S  107  

5.4 . 1  I N T R O D U C T I O N  107  

5.4 . 2  M E T H O D S  108  

5.4 . 3  R E S U L T S  109  

5. 7  D I S C U S S I O N  113  

VI  –  PH E NO T Y PE S  B A S E D  O N B I O MA R KE R  A NA L Y S I S  115  

6. 1  I N T R O D U C T I O N  115  

6. 2  M E T H O D S  115  

6.2 . 1  S U B J E C T S  115  

6.2 . 2  T I S S U E  C O L L E C T I O N  116  

6.2 . 3  M E A S U R E M E N T  O F  I N F L A M M A T O R Y  M E D I A T O R S  116  

6.2 . 4  C O L L E C T I O N  O F  C L I N I C A L  D A T A  117  

6.2 . 5  S T A T I S T I C A L  A N A L Y S I S  117  

6. 3  R E S U L T S  117  

6. 4  D I S C U S S I O N  129  

VI I  –  CL U S T E R  A NA L Y S I S :  D E FI NI T I O N O F E ND O T Y PE S  140  



   

 

 7 

7. 1  I N T R O D U C T I O N  140  

7. 2  M E T H O D S  140  

7.2 . 1  S U B J E C T S  140  

7.2 . 2  B A S E L I N E  C L I N I C A L  C H A R A C T E R I S T I C S  141  

7.2 . 3  M E A S U R E M E N T  O F  M O L E C U L A R  M A R K E R S  I N  T I S S U E S  141  

7.2 . 4  S T A T I S T I C A L  A N A L Y S I S  141  

7. 3  R E S U L T S  147  

7. 4  D I S C U S S I O N  160  

VI I I  –  T I ME - D E PE ND E NT  E FFE CT  O F  CL A R I T H R O MY CI N O N PR O -

I NFL A MMA T O R Y  CY T O KI NE S  I N  H U MA N  A 54 9 CE L L  L I NE  167  

8. 1  I N T R O D U C T I O N  167  

8. 2  M A T E R I A L S  A N D  M E T H O D S  170  

8.2 . 1  E T H I C S  S T A T E M E N T  170  

8.2 . 2  C E L L  C U L T U R E  170  

8.2 . 3  C E L L  C O U N T S  A N D  V I A B I L I T Y  171  

8.2 . 4  C Y T O K I N E  S E L E C T I O N  171  

8.2 . 5  C L A R I T H R O M Y C I N  171  

8.2 . 6  C E L L  C U L T U R E  A N D  C L A R I T H R O M Y C I N  T R E A T M E N T  172  

8.2 . 7  E N Z Y M E - L I N K E D  I M M U N O S O R B E N T  A S S A Y  (E L ISA )  172  

8.2 . 8  S T A T I S T I C A L  A N A L Y S I S  173  

8. 3  R E S U L T S  173  

8.3 . 1  C E L L  C U L T U R E S  173  

8.3 . 1  E F F E C T S  O F  C L A R I T H R O M Y C I N  O N  I N - V I T R O  C Y T O K I N E  A N D  C H E M O K I N E  

E X P R E S S I O N  173  

8. 4  D I S C U S S I O N  178  

8. 5  C O N C L U S I O N S  A N D  F U T U R E  W O R K  183  

I X  –  D I S CU S S I O N  186  

T H E S I S  L I M I T A T I O N S  A N D  S T R E N G T H S  197  

L I M I T A T I O N S  197  

S T R E N G T H S  200  



   

 

 8 

C O N C L U D I N G  R E M A R K S  A N D  F U T U R E  D I R E C T I O N S  201  

R E FE R E NCE S 204  

A PPE ND I CE S  228  

A P P E N D I X  B  -  C O N T R O L  I N F O R M A T I O N  F O R M  232  

A P P E N D I X  C  -  C O N S E N T  F O R M  235  

A P P E N D I X  D  -  Q U E S T I O N N A I R E  236  

A P P E N D I X  E  –  E T H I C A L  A P P R O V A L  242  

 

  



   

 

 9 

LIST OF TABLES 

T A B L E  1 :  I N N A T E - L I K E  L Y M P H O I D  C E L L S  S U B S E T S  A N D  C H A R A C T E R I Z A T I O N  . . . . . . . . . . . . . . . . . .  2 6  

T A B L E  2 :  C R I T E R I A  F O R  T H E  D I A G N O S I S  F O R  R S .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0  

T A B L E  3 :  L U N D - M A C K A Y  S C O R E .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 6  

T A B L E  4 :  D R U G  O P T I O N  F O R  C R S  P A T I E N T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 8  

T A B L E  5 :  C Y T O K I N E  F U N C T I O N  T H A T  M A Y  B E  I N V O L V E D  I N  N A S A L  P A T H O G E N E S I S .  . . . . . . . . .  4 0  

T A B L E  6 :  F A C T O R S  P R E D I S P O S I N G  T O  C R S  A S  A  S E C O N D A R Y  M A N I F E S T A T I O N . . . . . . . . . . . . . . .  4 4  

T A B L E  7 :  D E M O G R A P H I C  A N D  C L I N I C A L  C H A R A C T E R I S T I C S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 7  

T A B L E  8 :  D I S T R I B U T I O N  O F  C O N T I N U O U S  V A R I A B L E S  A C R O S S  C O M P L I A N C E  G R O U P S  I N  T H E  

W H O L E  P O P U L A T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 4  

T A B L E  9 :  M A N D A T O R Y  B I O L O G I C A L  M A R K E R S  A N D  T H E I R  M A J O R  F U N C T I O N S  I N  C R S .  . . . . .  7 4  

T A B L E  1 0 :  E X P L O R A T O R Y  B I O L O G I C A L  M A R K E R S  A N D  T H E I R  M A J O R  F U N C T I O N S  I N  C R S .  . .  7 5  

T A B L E  1 1 :  C H A R A C T E R I S T I C S  O F  S T U D I E S  I N C L U D E D  I N  T H E  A N A L Y S I S .  . . . . . . . . . . . . . . . . . . . . . .  8 3  

T A B L E  1 2 :  S U M M A R Y  O F  B I O M A R K E R S  F O R  T H E  D I A G N O S I S  O F  C R S .  . . . . . . . . . . . . . . . . . . . . . . . . .  8 5  

T A B L E  1 3 :  C L I N I C A L  C H A R A C T E R I S T I C S  O F  A L L  R E C R U I T E D  P A T I E N T S .  . . . . . . . . . . . . . . . . . . . . . . . .  9 2  

T A B L E  1 4 :  C O M P A R I S O N  O F  M E D I A T O R S ’  L E V E L S  B E T W E E N  F R O Z E N  A N D  F R E S H  S A M P L E S .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 6  

T A B L E  1 5 :  P A I R E D  C O M P A R I S O N  O F  M E D I A T O R S  B E T W E E N  D I F F E R E N T  N A S A L  S I D E  A N D  

T I S S U E .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 0  

T A B L E  1 6 :  B I O M A R K E R  A N A L Y T E S .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 6  

T A B L E  1 7 :  D E M O G R A P H I C S  A N D  C L I N I C A L  C H A R A C T E R I S T I C S  O F  C A S E S  A N D  C O N T R O L  

S U B J E C T S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 8  

T A B L E  1 8 :  M O L E C U L A R  P R O F I L E S  I N  S I N O N A S A L  M U C O S A  O F  C R S  A N D  C O N T R O L  G R O U P S

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9  

T A B L E  1 9 :  C O R R E L A T I O N  B E T W E E N  R E L E V A N T  B I O M A R K E R S .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 2  

T A B L E  2 0 :  D E M O G R A P H I C  A N D  C L I N I C A L  C H A R A C T E R I S T I C S  O F  C R S  C L U S T E R S .  . . . . . . . . . .  1 4 9  

T A B L E  2 1 :  M O L E C U L A R  P R O F I L E S  I N  S I N O N A S A L  M U C O S A  O F  C R S  C L U S T E R S  . . . . . . . . . . . . .  1 5 0  

T A B L E  2 2 :  D E M O G R A P H I C  A N D  C L I N I C A L  C H A R A C T E R I S T I C S  O F  C L U S T E R  1  S U B - C L U S T E R S .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 7  

T A B L E  2 3 :  M O L E C U L A R  P R O F I L E S  I N  S I N O N A S A L  M U C O S A  O F  C L U S T E R  1  S U B - C L U S T E R S .  1 5 8  

 

  



   

 

 10 

LIST OF FIGURES 

 

F I G U R E  1 :  I L L U S T R A T I O N  O F  T H E  U P P E R  R E S P I R A T O R Y  S Y S T E M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  

F I G U R E  2 :  P A R A N A S A L  S I N U S E S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2  

F I G U R E  3 :  R E P R E S E N T A T I O N  O F  T H E  S T E P - B Y - S T E P  I M M U N E  M E C H A N I S M S  F O L L O W I N G  

R E S P I R A T O R Y  I N F E C T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  

F I G U R E  4 :  S Y N T H E S I S  O F  D I S T I N C T  F E A T U R E S  O F  T  H E L P E R  S U B S E T  D I F F E R E N T I A T I O N  A N D  

A C T I V I T Y  O N  T H E  I M M U N E  R E S P O N S E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8  

F I G U R E  5 :  T Y P E S  O F  P H Y S I O L O G I C  I M M U N E  R E S P O N S E S  A C R O S S  M U C O S A L  B O U N D A R I E S  . .  2 9  

F I G U R E  6 :  M U L T I F A C T O R I A L  N A T U R E  O F  C R S .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  

F I G U R E  7 :  C L A S S I F I C A T I O N  O F  C R S  F O R M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 4  

F I G U R E  8 :  C L A S S I F I C A T I O N  O F  P R I M A R Y  C R S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 5  

F I G U R E  9 :  C U R R E N T  U N D E R S T A N D I N G  O F  I M M U N O L O G I C A L  E V E N T S  O F  C R S  P H E N O T Y P E S  4 3  

F I G U R E  1 0 :  A E T I O L O G Y  A N D  P A T H O G E N E S I S  O F  C R S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 3  

F I G U R E  1 1 :  C L A S S I F I C A T I O N  O F  S E C O N D A R Y  C R S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 5  

F I G U R E  1 2 :  R E C R U I T M E N T  O F  P A T I E N T S  F O R  B O T H  P O P U L A T I O N S  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 4  

F I G U R E  1 3 :  D I S T R I B U T I O N  O F  C O M P L I A N C E  W I T H  P H Y S I C I A N ’ S  R E C O M M E N D A T I O N S  . . . . . .  6 1  

F I G U R E  1 4 :  P A T I E N T ’ S  P E R C E P T I O N  O F  C R S  M E D I C A T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 2  

F I G U R E  1 5 :  A S S O C I A T I O N S  B E T W E E N  P R E - O P E R A T I V E  A N D  P O S T - O P E R A T I V E  . . . . . . . . . . . . . . . .  6 6  

F I G U R E  1 6 :  E V O L U T I O N  O F  S N O T - 2 2  S C O R E S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 7  

F I G U R E  1 7 :  P R I S M A  F L O W  D I A G R A M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 8  

F I G U R E  1 8 :  L U M I N E X  A S S A Y  P R E S E N T A T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 5  

F I G U R E  1 9 :  A N A L Y S I S  O F  S A M P L E S  U S I N G  L U M I N E X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 9  

F I G U R E  2 0 :  C O M P A R I S O N  B E T W E E N  T H E  T W O  T E C H N I Q U E S  O F  E X T R A C T I O N :  S B V  A N D  W S

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 5  

F I G U R E  2 1 :  C O M P A R I S O N  B E T W E E N  F R E S H  A N D  F R O Z E N  T I S S U E  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 7  

F I G U R E  2 2 :  C O M P A R I S O N  B E T W E E N  T H E  T W O  T I S S U E S :  N A S A L  A N D  S E R U M  . . . . . . . . . . . . . . .  1 1 2  

F I G U R E  2 3 :  C O R R E L A T I O N  A N A L Y S I S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 7  

F I G U R E  2 4 :  C O R R E L A T I O N  M A T R I X  O F  I L - 1 0 ,  A E R D  A N D  A L L E R G Y  S Y N D R O M E  . . . . . . . . . . .  1 2 8  

F I G U R E  2 5 :  C O R R E L A T I O N  M A T R I X  O F  T N F - ,  I L - 1 7 A  A N D  I L - 6  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 9  

F I G U R E  2 6 :  G R A P H I C A L  R E P R E S E N T A T I O N  O F  T H E  E L B O W  M E T H O D  I N  O U R  D A T A S E T  . . . .  1 4 2  

F I G U R E  2 7 :  D E N D R O G R A M  S H O W I N G  T H E  H I E R A R C H I C A L  R E L A T I O N S H I P  O F  2 1  B I O M A R K E R S  

B E T W E E N  7 3  P A T I E N T S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 3  

F I G U R E  2 8 :  S C A T T E R  P L O T  S H O W I N G  D I S T I N C T  G R O U P S  F R O M  T H E  A N A L Y S I S  O F  2 1  

B I O M A R K E R S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 4  

F I G U R E  2 9 :  D E N D R O G R A M  S H O W I N G  T H E  H I E R A R C H I C A L  R E L A T I O N S H I P  O F  2 3  B I O M A R K E R S  

B E T W E E N  5 7  P A T I E N T S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 5  



   

 

 11 

F I G U R E  3 0 :  S C A T T E R  P L O T  S H O W I N G  D I S T I N C T  G R O U P S  F R O M  T H E  A N A L Y S I S  O F  2 3  

B I O M A R K E R S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 6  

F I G U R E  3 1 :  D I A G R A M  O F  I D E N T I F I E D  C L U S T E R S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 2  

F I G U R E  3 2 :  D E N D R O G R A M  S H O W I N G  T H E  H I E R A R C H I C A L  R E L A T I O N S H I P  O F  2 1  B I O M A R K E R S  

B E T W E E N  T H E  5 4  P A T I E N T S  F R O M  C L U S T E R  1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 4  

F I G U R E  3 3 :  S C A T T E R  P L O T  S H O W I N G  D I S T I N C T  G R O U P S  F R O M  T H E  A N A L Y S I S  O F  2 1  

B I O M A R K E R S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 5  

F I G U R E  3 4 :  T R E E  A N A L Y S I S  F O R  T H E  3  I N I T I A L  I D E N T I F I E D  C L U S T E R S  . . . . . . . . . . . . . . . . . . . . . .  1 5 9  

F I G U R E  3 5 :  T R E E  A N A L Y S I S  F O R  T H E  5  I D E N T I F I E D  C L U S T E R S .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 0  

F I G U R E  3 6 :  I N C U B A T I O N  F O R  4  H  -  C L A R I T H R O M Y C I N  I M P A C T  O N  P R O - I N F L A M M A T O R Y  

M E D I A T O R S ’  S E C R E T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 4  

F I G U R E  3 7 :  I N C U B A T I O N  F O R  1 2  H  -  C L A R I T H R O M Y C I N  I M P A C T  O N  P R O - I N F L A M M A T O R Y  

M E D I A T O R S ’  S E C R E T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 5  

F I G U R E  3 8 :  I N C U B A T I O N  F O R  2 4  H  -  C L A R I T H R O M Y C I N  I M P A C T  O N  P R O - I N F L A M M A T O R Y  

M E D I A T O R S ’  S E C R E T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 6  

F I G U R E  3 9 :  I N C U B A T I O N  F O R  4 8  H  -  C L A R I T H R O M Y C I N  I M P A C T  O N  P R O - I N F L A M M A T O R Y  

M E D I A T O R S ’  S E C R E T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 7  

F I G U R E  4 0 :  I N C U B A T I O N  F O R  7 2  H  -  C L A R I T H R O M Y C I N  I M P A C T  O N  P R O - I N F L A M M A T O R Y  

M E D I A T O R S ’  S E C R E T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 7  

 

  



   

 

 12 

ACKNOWLEDGMENTS 

 

Throughout  the  wri t ing  of  th is  thes is ,  I  have rece ived a great  dea l  

of  support  and ass is tance.  Fi rs t ,  I  expres s  my s incere gr at i tude to  

Professor  Car l  Ph ilpo tt  for  a l lowing me  to  conduc t  th is  r esea rch  

under  his  auspices .  I  am especia l ly  gr ate ful  fo r  h is  con f idence and 

the f reedom he gave me  to  do th is  work.  

As  a thes is  supervisor ,  Professor  Car l  Ph ilpott  supported me in  a l l  

s tages  of  th is  work.  He is  the in i t i ator  of  th is  pro ject  despit e  h is  

busy agenda.  H is  exper t ise ,  ded icat ion and  keen in ter es t  to  th is  topic 

were inva luab le in  the formu lat ing o f  the  resear ch topic.  Without  a  

coherent  and i l luminat ing ins truc t ion,  th is  thes is  wou ld not  have  

reached i ts  p resent  fo rm.  

I  would l ike to  acknowledge  the ass is t ance of  Professor  Tom 

Wileman,  Dr .  A ll an Clark and Dr.  Je lena Gavri lovic who off ered me 

valuable sugges t ions  and  r elevan t  adv ice  for  th is  s tudy .  You  

provided me w ith  the too ls  that  I  needed to  choose the r igh t  d ir ec t ion 

and successful ly  complete  my thes is .  I  am deeply gr atefu l  to  al l  

members  of  the jury  for  agree ing to  r ead the manus cr ip t  and to  

par t ic ipa te in  the def ence of  th is  thes is .  

I  extend my s incere thanks  to  a l l  members  of  the B iomed ical  

Research Cen tre,  Norwich Med ical  S chool  and Quad ra m Ins t i tu te ,  

special ly  to  Dr .  K laus  Wellner ,  and a l l  thos e who cont r ibu ted  

direct ly  or  ind irect ly  to  th is  work cons truct ion.  

I  wish to  exp ress  my grat i tude to  al l  the  members  of  the James  

Paget  Un ivers i ty  Hospi ta l ,  who he lped me to  se t  th is  s tudy.  In  

par t icu lar ,  I  wish to  thank the Research  Off ice and ENT surg ical  

team for  he lp ing me to  reso lve adminis tra t ive issues  and for  a l l  the ir  

help .  I  a lso  express  my grat i tude to  Jane Woods  and Teresa Ferr eir a  

for  generous ly  shar ing the ir  exper t ise ,  fo r  the ir  he lp  in  a l l  s tages ,  

and for  the ir  helpful  sugges t ions .  I  s incerely  thank al l  pa t ients  that  

accept  to  ass is t  in  th is  work,  a l low ing thi s  s tudy to  t ake place .  



   

 

 13 

Without  the support  of  a l l  members  of  my family ,  I  would never  

f in ish  th is  thes is  and I  would never  f ind t he courage to  overcome al l  

these  dif f icul t ies  dur ing th is  work.  My thanks  go to  my pa ren ts  for  

the ir  wis e counse l ,  sympa the t i c  ear  and  their  love dur ing  a l l  these  

years .  Fina l ly ,  ther e ar e my fr i ends ,  especia l ly  F iona,  who were of  

grea t  support  in  de l iber a t ing over  our  prob lems  and  f indings ,  as  we ll  

as  prov id ing  happy d is tr ac t ion  and encou ragemen t to  res t  my mind 

outs ide of  my r esea rch.  

To Jake,  I  cannot  ful ly  express  how  gra teful  I  am fo r  your  support  

over  the pas t  year .  You deserve an award for  l iv ing w it h  me through 

this  r e-submiss ion ;  you alw ays  suppor ted  me and never  le t  me g ive  

up.  

This  work was  supported by the S i r  Jules  Thorn Char i tab le Trus t  

and the NIHR Clinical  Research Ne twork.  

 

  



   

 

 14 

DISSEMINATION 

 

Manuscr ipts  wa it ing submiss ion  for pub licat ion  

Wai t ing submiss ion to  the  In ternat iona l  Fo rum for  Allergy  and  

Rhino logy ( af t er  thes is  submiss ion ) .  Pr atas ,  C. ,  C lark ,  A. ,  Javer ,  

A. ,  Philpo tt ,  C.  Preva lence  and associa ted factors  of  medicat ion  

non-adher ence in  CRS pa ti ents  fo l lowing endoscopic s inus  

surgery .  

Wai ting Prospero review  (r egis tra t ion number  CRD42017056935) .  

Pratas ,  C. ,  Adds ion,  A . ,  C lark ,  A. ,  Philpo tt ,  C.  Potent ia l  

b iomarkers  in  chronic rhinos inu s i t is :  a  sys temat ic  r ev iew .  

Manuscr ipt  being p repared for  submiss ion to  Laryngoscope  ( r esearch  

being upda ted  unt i l  2021) .  Pr atas ,  C. ,  Gokani ,  S . ,  Mattock,  J . ,  

Clark ,  A. ,  Philpo tt ,  C.  Poten tia l  b iomarkers  in  chronic 

rhinos inus i t is :  a  sys tema tic  rev iew .  

Wai ting submiss ion to  Rh inology Onl ine  (af t er  thes is  submiss ion ) .  

Pratas ,  C. ,  Shaida,  Z . ,  Gavr i lovic,  J . ,  Philpott ,  C.  Tim e-dependent  

ef f ec t  o f  Clar i thromyc in on pro - in f lammatory cy tokines  in  CRS.  

Manuscr ipt  be ing pr epared  for  submiss ion to  JACI .  (autho rs  TBC) 

Ident i f ica t ion of  CRS  Subgroups  Us ing C lus ter  Analys is .  

 

Other  publicat ions  that  the author contributed dur ing the  thes is  

Hell ings  PW,  Akdis  CA,  Bacher t  C,  Bousquet  J ,  Pug in B ,  Adriaens en 

G,  Advani  R,  Agache  I ,  An jo C,  Anmols ingh R,  Annon i  E,  Bieber  

T,  B izaki  A,  Braverman  I ,  Cal lebaut  I ,  Cas t i l lo  V izuete JA,  

Chalermw atanacha i  T,  Chmielewski  R ,  C ingi  C,  Coo ls  L ,  Coppi je  

C,  Cornet  ME,  De Boeck I ,  De Corso E,  D e Greve G,  Doulap ts i  M,  

Edmis ton R,  Ersk ine S ,  Gevaer t  E ,  Gevaer t  P ,  Golebski  K,  Hopkins  

C,  Hox  V,  Jaegg i  C ,  Joos  G,  Khwaja  S ,  Kjelds en A,  Kl imek L,  

Koennecke M,  Kor tekaas  Krohn I ,  Krysko O,  Kumar BN,  Langdon 

C,  Lange B,  Lekakis  G,  Lev ie  P ,  Lour i js en E,  Lund  VJ ,  M artens  



   

 

 15 

K, Mő Sges  R,  Mullo l  J ,  Nyembue TD,  Palkonen S ,  Ph ilpo tt  C,  

Pimen te l  J ,  Po ir r i er  A,  Pratas  AC ,  Prokopak is  E,  Pu jo ls  L,  

Rombaux P ,  S chmidt -Weber  C,  S egboer  C,  Spacova I ,  S taikuniene  

J ,  S tee lan t  B,  S teinsv ik  EA,  Teufelberge r  A,  Van Gerven L,  Van 

Goo l K,  Verbrugge R,  Verhaeghe B,  Vi rkkula P ,  Vlaminck S ,  

Vries -Uss  E,  Wagenmann M, Zuberbier  T ,  Seys  S F,  Fokkens  WJ.  

EUFOREA Rh inology  Resear ch Forum  2016:  repor t  o f  the 

brains torming sess ions  on needs  and pr ior i t ies  in  rhini t is  and  

rhinos inus i t is ,  Rh inology 2017 Sep ;  55(3 ) :202 -210.  

 

Conferen ce p resenta t ions  

Pratas  C (2019,  Mar) .  Explor ing  the po ss ibi l i ty  of  b iolog ical  

s igna tures  for  CRS.  Oral  presenta t ion at  the EN T UK Spring 

Annual  M ee ting  2019,  Ches ter ,  UK.  

Pratas  AC,  Ferr eir a  T,  Woods  J ,  Clark  A,  Wileman T,  Phi lpot t  C 

(2018,  Oc t) .  Exp lor ing the poss ibi l i ty  of  b iolog ical  s ignatur es  for  

Chronic Rhinos inus i t is .  Pos te r  pr esen ted a t  the  SERIN  2018,  

Ghent ,  Belgium.  

Pratas  C (2018,  Ju l) .  Pr eva lence and associated factors  o f  medica t ion  

non-adherence in  CRS pa ti ents  fo l lowing endos copic s inus  

surgery.  Oral  p resenta t ion a t  the BACO 2018,  Manches ter ,  UK.  

Pratas  C,  Add ison A,  Ferre ira  T,  Woods  J ,  Wi leman T,  Ph ilpot t  C  

(2018,  Jul) .  Def in ing a co re set  of  b iomarkers  for  pat ien ts  with  

CRS.  Pos ter  pres ented a t  BACO 2018,  Manches ter ,  UK.  

Pratas  C,  Add ison A,  Ferre ira  T,  Woods  J ,  Wi leman T,  Ph ilpot t  C  

(2018,  Mar) .  Exp lor ing the poss ibi l i ty  of  b iological  s igna tur es  for  

CRS.  Pos ter  presented at  the  ENT UK Spring  Annua l  M ee ting  

2018,  York 2018.  

Pratas  C (2018,  Mar) .  Explor ing  the poss ibi l i ty  of  b iolog ical  

s igna tures  fo r  CRS.  Oral  pr esen ta t ion  at  the BOARS Spr ing 

Meet ing,  York 2018.  



   

 

 16 

Pratas  C,  Addison A,  Phi lpo tt  C (2017,  N ov) .  Prec is ion Medicine in  

Chronic Rh inos inus i t is  in  Chron ic Rhinos inus i t is .  Pos ter  

presen ted at  the  European Rh inology Research Forum 2017,  

Brussels ,  Belg ium.  

Pratas  C,  Add ison A,  Phi lpo tt  C (2017,  M ay) .  Pr ec is ion  Med ic ine  in  

Chronic Rh inos inus i t is .  Pos ter  pres ented a t  the 8 th  annual  meet ing 

of  the FMH PGR, Norwich ,  UK.



   

 

   

 

LIST OF ABBREVIATIONS 

A: Adherent  

AERD: Aspir in - Exacerbated Respir atory Disease  

AFRS: A llergic Fung al  Rhinos inus i t is  

AR: Allerg ic Rhin i t is  

ARS: Acute Rh inos inus i t is  

ASA: Acety lsa l i cyl ic  A cid  

BCA: Bicinchon in ic ac id  

BCA-1:  B Cel l -At tract ing chemok ine 1  

BSA: Bovine Serum A lbumin  

CC10: C la ra Cel l  10kD a pro te in  

CCAD: Cen tra l  Compartmen t  Al lerg ic  D is ease  

CF:  Cys t ic  F ibros is  

CO 2 :  Carbon d iox ide  

COPD: Chron ic Obs t ruc t ive Pulmonary Disease  

CRS: Chronic  Rhinos inus i t is  

CRSsNP: Chron ic Rh inos inus i t is  wi thou t  Nasal  Po lyps  

CRSwNP: Chron ic Rh inos inus i t is  wi th  Nasal  Polyps  

CT: Compu ted  Tomography  

Cys-LT: Cys teinyl  Leukotr iene  

DMEM: Dulbecco 's  Modif ied Eagle  Med ium  

EAACI:  European A cademy of  Al lergy and Clinical  Immuno logy  

ECP: Eos inophi l  Ca tionic Protein  

e-CRS: Eos inophi l i c  CRS  

EIA: Enzyme Immunoassay  



   

 

 18 

ELISA: Enzyme-Linked Immunosorben t  A ssay  

eNO: Exhaled Ni tr ic  Ox ide  

ENT: Ear  Nose and Throa t  

EPOS: European Pos i t ion  Paper  on Rhinos inus i t is  and Nasa l  Polyps  

ERS: European Respi ra tory Socie ty  

ESS: Endoscop ic S inus  Surgery  

ET:  Endo thel in  

FBS: Foetal  Bovine S erum  

FeNO:  Frac t iona l  Exha led N itr ic  Ox ide  

FESS:  Func tional  Endoscop ic S inus  Surgery  

G-CS F: Granu locy te - co lony s t imulat ing f actor  

GP: General  Pr ac t i t ioner  

H 2O 2 :  Hydrogen Peroxide  

HIV: Human  Immunodef ici ency Virus  

IFN: Interfe ron  

IgE: Immunog lobu lin  E  

IgG: Immunog lobu lin  G  

IL:  I nte r l eukin  

ILC: Inna te  Lymphoid Ce ll  

INA: Intent iona lly  Non -Adheren t  

JPUH: James  Page t  Univers i ty  Hospi ta l  

LM: Lund-Mackay  

LPS: L ipopo lysacchar ides  

LT:  Leukot r i ene  

LTi :  Lymphoid Tissue cel l  



   

 

 19 

LTRA:  Leukot r iene Receptor  Antagon is t  

MIP: Macrophage Inf lammato ry Protein  

MMP: Matr ix  Meta l loproteinase  

MPO: Myeloperox idas e  

ne-CRS:  Non-eos inoph il ic  Chron ic Rhinos inus i t is  wi th  Nas al  

Polyps  

NERD: NSAID -Exacerba ted Respi ra tory Disease  

NICE: Na tiona l  Ins t i tu te  for  Heal th  and Care Excel lence  

NINA: Non-Intent ional ly  Non-Adheren t  

NK: Natural  K il ler  ce l l  

NKT: Natura l  Ki l l er  T ce l l  

nNO: Nasal  Nit r ic  Oxide  

NP: Nasal  Po lyps  

NS: Not S ignif icat ive d if f erence  

NSAIDs:  Non-Stero ida l  Ant i- Inf lammato ry  Drugs  

NT: Nasa l  Tissue  

PBS: Phospha te Buffer ed So lut ion  

PCR: Polymerase Cha in Reac tion  

PNS: ParaNas al  S inuses  

PROMs: Pat i ent -Reported Outcome Meas ures  

QOL: Qua li ty  of  Lif e  

RANTES: Regu la ted on Ac tivat ion,  Normal T Ce ll  Expressed and 

Secre ted  (a lso  known as  Chemok ine  (C -C mot if )  l igand 5  (CCL5) )  

RS: Rhinos inus i t is  

SBV: Set  Buffe r  Volume techn ique  



   

 

 20 

SCF: S tem Cell  Fac tor  

SD: S tandard D eviat ion  

SDF: S t romal Cel l -der ived Factor  

SE-IgE : S taphy lococcal  Entero toxin-speci f ic  I gE  

SEM: S tandard Error  of  M ean  

s Ig:  Soluble  Immunog lobu lin  

s IL:  So luble In ter leukin   

SNOT: S ino-N asal  Outcome Tes t  

SPT: Skin  Pr ick Tes t  

TARC: Thymus  and  Act iva t ion  Regulated Chemokine  

TIMP: T issue Inhib i to r  of  Meta l loProteinase  

TGF: Transforming  Growth Fac tor  

TH :  T-helper  cel l  

TNF: Tumor N ecros is  Fac tor  

T-PER: T issue Pro te in  Extr ac t ion  Reagen t  

Treg :  T regu la tory  

TSLP: Thymic  S tromal LymphoPo ie t in  

VAS: Visual  Analogue S ca le  

WHO: Wor ld  H eal th  Organis at ion  

WR: Work ing Reagent  

WS: Weighted Sample procedure  

  



   

 

 21 

I –  INTRODUCTION 

 

1 .1 .  Ana tomy  and pa thophys iology of  the  upper  r espir ato ry t rac t  

1 .1 .1  Ana tomy of  the nose and the paranasal  s inuses  

Air  f rom the atmosphere is  normally  t aken in  via  the nos e.  The 

nose is  the f i rs t  par t  of  the upper  resp ira tory t rac t  (F igure 1 ) ,  and is  

respons ib le  for  warming,  humidifying ,  and,  to  some  ex ten t ,  f i l t er ing 

inspir ed a ir  dur ing  i ts  passage t o  the lungs .  I t  a lso  con ta ins  the 

special  organ of  the sens e of  smell :  by means  of  the pecu li ar  

proper t i es  of  i ts  nerves ,  i t  protects  the lungs  f rom the inha la t ion  of  

delete r ious  gases  and ass is ts  the organ of  tas t e  in  d iscr imina ting the 

proper t i es  of  food  (1) .  

 

 

Figure  1:  I l lu strat ion  of  the  upper  re sp iratory  system .  Here ,  we  can  

obse rve  the  ana tomica l  s t ruc ture s  comp osi ng  the  no se ,  pha rynx ,  and  

a ssoc ia ted  s t ruc ture s .  Source :  Mar ieb  201 2  ( 2) .  

 

The nos e may be subdiv ided in to  an exte rnal  nose,  which opens  

anter ior ly  to  the f ace through the nos t r i ls ,  and a n in terna l  chamber ,  
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divided by a midl ine nasa l  sep tum in to  a  r igh t  and l ef t  cavi ty  tha t  

opens  pos te r ior ly  in to  the  nasopharynx.  A suppo rt ing f ramework  

compos ed of  bone  and f ibro -e las t ic  ca r t i lages  houses  the  nas al  

cav it ies .  The l arger  bones  in  th is  f r amewo rk con ta in  ai r - f i l l ed  spaces  

l ined with  resp ira tory epi the l ium,  desc r ibed col lect ive ly  as  the  

paranasa l  s inus es  (1) .  

There ar e 4  pa irs  of  par anas al  a ir  s inuses  –  the e thmoid,  spheno id,  

max il lary ,  and  f ron ta l  s inus es  (Figu re 2) ;  how ever ,  the e thmoid  

s inuses  ar e a  ser ies  of  sepa rate  cel ls ,  un l ike the  o ther  s inuses  tha t  

are  conf igured as  a  s ingle chamber  wi th  one opening.  They al l  open  

into  the l at era l  w al l  of  the nas al  cavi ty  by  smal l  aper tures  that  permi t  

both  the equ il ibr at ion of  the a ir  be tween the var ious  air  spaces  and 

the cl ear ance of  the  mucus  f r om the s inuses  in to  the nose v ia a  

mucoci l i ary  esca la tor  (1) .  The  next  s ect ion wi l l  exp lore the ir  

funct ion .  

 

 

Figure  2:  Paranasa l  s inuses .  I l lus t r a t ion  of  t he  pa ranasa l  s i nuses  

ana tomy,  f ron ta l  v iew ( le f t )  and  la te r a l  v iew  of  the  f ace  (r igh t ) .  Source :  

h t tps : / /www.cance r .gov/pub l ica t io ns /d ic t ion a r ie s /cance r -

te rms/de f /pa ranasa l - s inus .  

 

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/paranasal-sinus
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/paranasal-sinus
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1 .1 .2  Phys iology  of  the nose and the paranasal  s inuses  

Over  recen t  yea rs ,  va r ious  s tud ies  have resul ted in  a  bet ter  

unders t and ing of  nasa l  phys iology .  In  con tras t ,  however ,  the ro le  of  

the human pa ranasal  s inuses  r emains  an enigma today (3) .  

“Phys io logica l” br ea thing occurs  through the nos e.  The nasa l  

fossae a re cons idered the f ron t  door  of  the resp ira tory sys tem,  bu t  

are  also  character ised by o the r  pecu li ar  and s ignif icant  f unct ions ,  

such as :  cond it ion ing and mo is tening of  the nasa l  a ir f low,  f i l t rat ion  

of  insp ired  noxious  mater i als ,  spec if i c  and  non -specif ic  an t ibac ter ia l  

and ant ivir al  ac t iv i t ies ,  ref lex act ion,  col lec t ion of  water  f rom 

expir ed  ai r f low  and o lfacto ry func tion  (3) .  No conc lus ive  theory  on  

the ro le  of  the paranasa l  s inuses  has  been accepted ye t .  However ,  

some authors  have  sugges ted a funct ional  role .  The  most  genera l ly  

accepted  func tions  ar e to  l igh ten the skul l ,  impar t  resonance to  the  

voice,  increase the olf ac tory ar ea,  secr et ion of  mucus  and also ,  

humid ify  and w arm the  insp ired ai r ,  among others  (2 ,3) .  

 

1 .1 .3  Pa thophys iology of  the  upper  resp ir atory  tr ac t  

Due to  i ts  prominent  pos i t ion,  the nose  is  especial ly  prone to  

in jury and exposure to  delete r ious  subs tances .  Th is  includes  

f rac tures  and noseb leeds ,  ins er t ion of  objects  in  the nos e,  v ir al  

infect ions ,  a l l ergens  and nox ious  gas es  f rom the envi ronment .  

Therefore,  r h ino log ical  d is eases  ar e very  common,  with  a  r esul t ing 

dysfunc tion of  nas al  phys io logy.   

As  deta i led in  sect ion 1 .1 .2 ,  the nose and the paranasa l  s inuses  

are r espons ible  for  mois ten ing and f i l t ra t ion of  inspir ed a ir ,  as  we ll  

as ,  for  specif ic  and non -specif ic  an t ibac ter ia l  and ant iv ira l  

act iv i t i es ,  among o thers .  Dysfunc tion of  any of  these sys tems can 

lead to  symptoms such as  blockage,  rhinorrhoea,  facial  pr essure,  

headaches ,  and s inus es  inf ec t ions .   

The in f l ammatory dis eases  of  the nose and the nasa l  s inuses ,  

which  ar e the  main  focus  of  th is  work ,  include a w ide  range  of  

d iseas es ,  e . g . ,  rh in i t is  (bo th  bac ter ia l ,  v ir al  and  al lerg ic) ,  s inus i t is ,  
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the common co ld  and rhinos inus i t is .  When the mucous  membrane of  

the  nose  becomes  inf l amed i t  is  ca l l ed rh ini t is .  I f  th is  inf l ammation  

also  spreads  to  the l in ing of  the s inus es ,  then i t  becomes  class if i ed 

as  rhinos inus i t is  ( 4) .  Rh inos inus i t is  is  then refe rred to  as  a  group of  

d isorders  charac ter ised  by inf lammat ion of  the mucos a of  the nos e 

and paranasal  s inus es  (5) .  

Awareness  o f  the  in terr elat ionsh ip  between the  upper  and lower  

airways  has  increased ;  th is  concept  is  now known as  the  un if i ed 

airway .  The resp ira tory t ract  is  cons idered to  be an in teg rated  

sys tem,  so  whatever  p rocesses  aff ec t  one also  aff ects  the o the r .  

Hence,  changes  in  the  phys io logy  of  the nose and  paranas al  s inuses  

can and wi l l  af f ec t  the lower  airw ays  and  vice vers a  (6) .  

 

1 .2 .  Ana tomy  of  the immune  sys tem  

The  immune sys tem is  r espons ible  fo r  p rotect ing  the hos t  f rom 

cons tant ly  evolv ing microbes ,  such as  ex ternal  tox ic or  al lergen ic  

subs tances  that  en te r  through mucosal  sur faces .  The immune sys tem 

has  two fundamental  l ines  of  def ence:  the  innate and adap tive  

immuni ty .  While  the  inna te  immune s ys tem is  respons ib le  for  

f ight ing aga ins t  an  in truding pa thogen,  the adapt ive immune sys tem 

is  an t igen-dependen t  and  specif ic ,  and i t  has  the  ab i l i ty  of  immune 

memory.  Both of  these  mechanis ms include  se lf -nons elf  

d iscr imina tion  (7–9) .  

 

1 .2 .1  Ana tomy of  the upper  resp ira tory immune sys tem  

Air  exchanges  essen ti al  to  l i fe  occur  through  the upper  a irways .  

However ,  a ir  f rom th e atmosphere is  not  innocuous ,  and may con ta in  

mic robes  or  par t i cl es  that  can cause resp ir atory diseases .  Therefore,  

the immune sys tem pres ent  in  the upper  re spira tory tr ac t  is  essen ti al  

in  the  pr even tion and pathogenes is  of  var ious  respi ra tory tr ac t  

d iseas es .  Many of  thes e pathogens  i nf ec t  the upper  resp ira tory  tr ac t  

(nasa l  passages)  pr ior  to  d issemina tion to  the lower  r espi ratory tract  

(airways  and  lungs)  (10–12) .  
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The r espir ato ry immune r esponse cons is ts  of  mu lt ip le  t iers  o f  

cel lu lar  r esponses  that  are engaged in  a  sequent ia l  manner  to  control  

infect ions  (Figure 3) .   

The f irs t  s tep  of  the immune  respons e wi thin  the r espir ato ry t rac t  

cons is ts  of  a  phys ica l  and chemic a l  bar r ie r ,  inc lud ing c i l ia ted cel ls ,  

mucus -secr et ing gob le t  ce l ls ,  c lub and basal  ce l ls .  The c i l ia ted  

epi the l i al  layer  that  l ines  the nas al  mucosa,  is  coated wi th  a  mucus  

layer .  H ere,  mucus  preven ts  microorgani sms f rom at taching  to  the  

cel ls  by tr app ing them,  before they ar e  swept  away by the ci l i a  

movemen ts  tow ards  the externa l  opening of  the nose (13) .  

 

 

Figure  3:  Represen tat ion  of  the  s t ep -b y-s tep  immune  mechan isms 

fo l lowing  re sp iratory  in fec t ion .  Source :  Iwasak i  e t  a l .  2017  (12) .   

 

In  addi t ion to  these mechan isms,  when a pathogen manages  to  

breach  th is  ba rr i er ,  i t  t r iggers  inna te immune responses  and the 

rel ease of  f i rs t  order  cytok ines  tha t  a ler t  local  lymphocy tes .  The  

second t ier  of  r espir ato ry immune defences  is  mediated by 

dif fer en ti ated lymphocytes  including innate  lympho id cel ls  ( ILCs) ,  

natur al  k i l l er  (NK) ce l ls ,  innate - l ike lymphocytes  including  NKT 

cel ls ,  mucosal -assoc ia ted  invar ian t  T ce l ls ,  ep i thel ia l  γδ  T cel ls ,  and  

t is sue- res iden t  memory  T ce l ls .  These  ce l ls  in tegra te  the cy tokine  

s igna ls  f rom loca l  sensor  cel ls  and produc e eff ec tor  cy tok ines  that  
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can enhance  and  regu la te  innate and in f lammatory  respons es  by  

recru i t ing effecto r  cel l  subse ts  and el ic i t ing appropr ia te  r esponses  

to  c lear  pathogens  (12 ) .    

Accord ing to  th is ,  ILCs  a re  cl ass if ied  in to  three b road  groups  

based on the ir  ef fec tor  cytokine production and d if f eren ti at ion  

(Tab le 1) .  These  cel ls  ar e emerging  as  important  cel ls  regulat ing 

t is sue  homeos tas is ,  remode ll ing and  inf la mmation (14,15) .  Although  

ther e ar e s imi lar i t ies  w ith  convent ional  T -ce l ls ,  they  play d if fer en t  

roles  in  immuni ty ,  t is sue  remode ll ing and  deve lopmen t  (16) .  

 

Table  1:  Innate - l ike  lymphoid  ce l l s  subse t s  and  character izat ion  

(14) .  

ILC 

group  

ILC 

popula t i ons  
Media tor s  Func t io ns  

1  

NK ce l l s  

IFN- γ,  TN F,  

pe r for in ,  

g ranzymes  

Im muni ty  to  v i ruse s  and  

in t r ace l lu la r  pa thogens ,  

tumour  s urve i l lance ,  

inc lud in g  cy to t ox ic i ty  

ILC1  ce l l s  IFN- γ,  TN F  

Im muni ty  t o  ex t r ace l lu la r  

pa thogens :  v i ruse s ,  

bac te r ia ,  pa ra s i te s  

2  ILC2  ce l l s  

IL-4 ,  IL -5 ,  IL -9 ,  

IL-13 ;  

amphiregul in  

Im muni ty  to  he lm in ths ,  

wound  hea l ing  

3  

LTi  ce l l s  
LT-α,  LT -β,  IL -

17A,  IL-22  

Lymphoi d  t i s sue  

deve lopment ,  in te s t i na l  

homeos ta s i s ,  i mmun i ty  t o  

ex t r ace l lu la r  bac te r ia  

ILC1 7 

ce l l s  
IL-17 ,  IFN -γ  

Im muni ty  t o  ex t r ace l lu la r  

bac te r ia  

ILC2 2 

ce l l s  
IL-22  

Im muni ty  t o  ex t r ace l lu la r  

bac te r ia ,  homeos ta s is  o f  

ep i the l ia  
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These  lymphocytes  are  respons ib le  for  produc ing s econd order  

cytok ines  that  w il l  recru i t  and ac t ivate the  effecto r  cel ls ,  which can ,  

in  turn ,  el imina te or  expel  fo reign s t imul i .  More over ,  ef f ec tor  

mechan isms are  a lso  ac t ivated  in  each  of  the s tages  to  potent ia l ly  

control  the infect ion  and pr event  act iva t ion of  subsequen t  immune  

responses ,  thus  l imit ing any inf lammatory  damage to  s elf  ( 12) .  

The immune r esponses  produced by an organism are  very 

heterogenous  and t ai lor ed for  the par t i cular  s t imul i  of  or ig in .  These  

responses  depend on the  dif fer ent ia t ion of  na ïve  T  he lper  (T H0)  ce l ls  

in to  one (or  more)  TH  subs ets  (F igure  4)  (14,17) .  These  ce l ls  r egu la te  

the r esponse  to  pa thogen s ,  and of  long - l ived memory T  cel ls ,  which 

are  respons ible for  s tronger  and  qu icker  respons es  whe n the  body 

encounte rs  the same inf ec t ious  agent  in  the futur e.  As  detai led in  

Figure 4 ,  each  subset  is  un ique  and  they share some func tions  w ith  

other  cel ls ,  inc lud ing  ILCs ,  and work  together  to  moun t an  immune 

response .  I nves t igators  f ind i t  use ful  to  div ide these complex  

responses  in to  two  major  types :  type 1  and  type 2  immune responses .  

The ir  respec t ive re la ted  cy tokines  ar e known as  TH1- type cy tok ines  

and TH2- type  cy tok ines ,  which wi l l  be  s tudied  fur ther  in  th is  work  

(14) .   

 Some var i abi l i ty  in  suscep tibi l i ty  to  inf ect ion migh t  re f l ect  the 

associat ion of  TH2 r esponses  w ith  ant i -par as i te  immuni ty ,  TH1  

responses  wi th  an t iv ira l  and intr acel lu la r  pathogen r esponses  and  

TH17 r esponses  wi th  extr acel lu lar  bac ter i al  infect ions  and the 

complex coun ter - regu la t ion among thes e r esponses  (18 )  (Figu re 5) .  
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Figure  4:  Synthes is  o f  d is t inc t  f eatures  o f  T  he lper  subse t  

d i f f eren t iat ion  and  ac t iv i ty  on  the  immune re sponse .  Cross - r egu la t ion  

or  po ten t ia l  p la s t ic i ty  among  subse t s  i s  no t  r epre sen ted .  Source :  Pun t  e t  

a l .  2019  (14) .   

 

Type 1  responses  a re t r iggered by  vir al  and many  bacter i al  

infect ions  and polar i ze  CD4+  T  ce l ls  to  the TH1 and  TH 17 subs ets .  

In  conjunc tion  w ith  o ther  immune cel ls  ( as  ILC1s  and ILC3s) ,  they  

generate  TH1- type cy tokines ,  main ly  IFN -,  and produce 

proinf lammatory respons es  respons ible fo r  clear ing these infect ious  

agen ts  and for  pe rpe tua t ing au to immune  responses .  Pro inf l ammatory  

or  cy totoxic r esponses ,  i f  excess ive ,  can l ead  to  uncontro l l ed t is sue 

damage,  so  there is  a  need  for  a  coun ter ac t ing  mechanism  (Figure 5 ,  

Type 1) .   

On the other  hand,  t ype 2  r esponses  a re t r iggered by larger  

paras i tes  ( inc luding worms,  protozoa,  and a l l ergens ) ,  and  polar ize  

naïve TH  cel ls  to  TH2  and  TH9  subsets .  These  subse ts ,  a long w ith  

other  popu la t ions  o f  immune cel ls  ( e .g . ,  ILC2s) ,  a re  r espons ible  for  

produc ing  IL-4 ,  5 ,  and 13  (F igure  5 ,  Type 2) ,  which  ar e associated 
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with  the promotion of  IgE and eos inophi l ic  respons es  in  a topy,  and 

also  IL-10,  which has  more of  an ant i - inf lammatory respons e.  In  

excess ,  TH2 r esponses  w il l  coun ter ac t  the TH1 mediated mic robicidal  

act ion.  The  opt imal  scenar io  would  be  a  we ll - balanced  TH 1/  TH2  

response  (14,19) .  

Type 3  r espons es  are dir ec ted aga ins t  ex tracel lu lar  paras i t es ,  as  

bac ter ia  and fung i .  This  r esponse is  characte r ised by IL - 17 and IL-

22,  being  med ia ted  by  ILC3 subset  and  Th17 -assoc ia ted  markers  

(20)(Figure 5 ,  Type 3) .  

 

 

Figure  5 :  Types  of  p hys io log ic  immune  re sponses  across  mucosa l  

b oundar ie s .  Source :  Fokkens  e t  a l .  2019  (20 ) .  

 

The importance of  such  inves t iga t ions  and  resul ts  wil l  be exp lored 

fur ther  in  th is  work.  

 

1 .3 .  Rh inos inus i t is  

1 .3 .1  Def ini t ion  

Rhinos inus i t is  (RS)  is  an  umbrel la  term tha t  includes  cont inua l  

inf l ammatory changes  in  both  the nas al  mucos a and  paranas al  
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s inuses .  Therefo re,  RS desc r ibes  many dif fer ent  patho log ical  

processes  that  wi l l  be exp lained in  sec t ion 1 .3 .7 ,  that  r esul t  in  

mucos al  inf lammat ion o f  the nose and  paranasa l  s inuses .  RS can be  

def ined as  an acu te or  chronic disorder  depending on the du ra t ion of  

symptoms.  Acute  Rh inos inus i t is  (ARS)  is  cl in ica l ly  def ined as  

symptoms l as t ing l ess  than 12 w eeks  w i th  complete r esolu t ion;  i f  

symptoms pers is t  for  more than  12 weeks  wi thou t  comple te  

resolu t ion ,  i t  is  c lass if ied as  Chron ic Rh inos inus i t is  (CRS)  

(5 ,21,22) .  

RS must  be character is ed  by at  leas t  two  s inonas al  symptoms as  

def ined in  Tab le 2 ,  one of  which should be ei ther  nasa l  

b lockage /obs t ruc t ion or  nas al  d is charge  and  the other  should  be  

smel l  loss  or  facial  pain/pr essure (23) .  

 

Table  2 :  Cr i t er ia  for  the  d iagnos is  for  RS .  

Must  have  ≥1  of  e i ther :   Nasa l  obs t ruc t i on /b lockage /conges t io n  

Nasa l  d ischa rge  ( an te r io r /pos te r io r  na sa l  

d r ip )   

and  ≥1  of  e i ther :   Sme l l  lo ss  o r  r educ t ion  

(hyposmia /ano smia )   

Fac ia l  pa in  o r  p re ssure   

Symptoms  mu st  then  be  qua l i f ied  by  e i th e r  CT scan  and / or  na sa l  

endoscopy   

 

ARS usually  has  an inf ec t ious  or ig in  and i t  is  usua l ly  r esolved 

within  4  weeks  us ing ant ibiot ics .  Af te r  th i s  t ime,  the  pa t i ent  wil l  not  

show any more symptoms of  nas al  and PNS inf lammat ion.  CRS,  on  

the other  hand ,  is  a  chronic disease and  l i t t l e  is  known abou t  i ts  

or igin  or  pathophys io logy  (5 ,23) .   

CRS wil l  be the  ma in focus  of  th is  work,  and ther efore  f rom now 

onwards  on ly  CRS w il l  be ref erred .  
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1 .3 .2  CRS  

CRS is  an in f lammatory condi t ion of  the nose ,  the paranasa l  

s inuses  and  the upper  a irways  that  pers is ts  for  more  tha n 12 weeks  

withou t  comple te  reso lut ion  of  symptoms (23,24) .  As  i t  is  a  subtype  

of  RS,  i t  shou ld  pres ent  the  same symptoms as  those descr ibed for  

RS,  presen ted in  Table 2 .  

CRS is  a  mul t i fac tor ia l  d is ease  (Figure 6)  and the most  important  

predispos ing f ac tors  ar e:  recurr ent  upper  r e spir atory tract  infect ions ,  

environmental  pol lutants ,  aspi r in -s ens i t iv i ty  syndrome,  dental  

infect ions ,  s inonasa l  ana tomic va r ian ts ,  nasa l  al lergy,  

immunodef ici enc ies ,  mucoc il iary  abnormal i t ies  (such as  pr imary  

ci l iary  dysk ines ia ,  Young’s  syndrome and  cys t i c f ibros is ) ,  

ia t rogen ic  factors  (mechan ical  ven ti la t ion,  nasogas tr ic  tubes ,  nasa l  

pack ing,  s car  t is sue in  the  os t iomea ta l  complex as  a  consequence of  

s inonas al  surg ical  procedures)  and fung i  ( 3) .  

 

 

Figure  6:  Mult i fac tor ia l  nature  of  CRS.  

 

Even though l i t t l e  is  known about  the ae t io logy o f  CRS,  al l  the 

aforemen tioned  condi t ions  may  cause  the ons et  of  the disease  by  

induc ing damage  to  the  s inonasa l  mucosa (20) .  
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1 .3 .3  Epidemiology of  CRS  

CRS is  p inpo in ted as  a  common heal th  p roblem wi th  s ign if i can t  

morbidi ty  and comorbid i ty ,  med ical  cos ts ,  and an impact  on general  

hea l th .  Many  s tud ies  ind ica te  a  prevalence of  10 -15% in  Europe and  

the Un ited S ta tes ,  p lacing th is  cond it ion the s econd most  p r evalent  

among  al l  chron ic cond it ions  (23,25–27) .  

The  c l in ical  burden  of  CRS on an ind ividual  can  be  debi l i t a t ing  

(26) .  However ,  i t  is  d if f icu l t  to  access  the true burden due to  the 

heterogene ity  o f  the dis ease and the diagnos t i c  imprecis ion (23) .  

Moreover ,  CRS po tent ial ly  p roduces  wide ranging consequences  that  

extend beyond jus t  s inonas al  symptoms .  These ex tr a -rhinonas al  

symptoms (poo r  s l eep,  product iv i ty  and cogn it ive  dysf unct ion)  

s ignif icant ly  con tr ibute to  the overal l  hea l th -r elat ed burden of  

d iseas e and decreased qual i ty  of  l i f e  (QO L) (26 ,28) .  As ide f rom i ts  

detr imental  ef fec ts  on QOL and p roduc tivi ty ,  CRS is  associated w ith  

a  l i fe t ime  of  medical  and surg ical  resou rce consumpt ion ,  resu l t ing 

in  s ign if icant  hea l thcare expendit ures  (29 ) .  

Some s tudies  have shown that  CRS p reva lence is  associated  wi th  

incr eas ing  age and o the r  resp ira to ry comorb idi t i es  (30) .  

Fur thermore,  in  the  UK and  USA, CRS  is  s l ight ly  more  common 

among  females  but  the  pres ence of  nasa l  po lyps  and  the need  to  

resor t  to  surgery  ar e more common  in  ma les ;  in  con tinen ta l  Europe,  

Korea and Ta iwan no changes  in  prevalence can be seen due to  sex 

or  age  (23,26,27,31 –33) .  

Accord ing to  DeConde  e t  a l .  (2016) ,  CRS presen ts  a  s ign if i can t  

burden  a t  bo th  the  ind iv idua l  and  society  level  due to  i ts  h igh  

preva lence,  vas t  and  burdensome symptom prof i l e ,  and  high indi rect  

cos ts .  I t  is  es t ima ted tha t  the dir ec t  cos t  of  CRS is  of  $23.6  mil l ion  

2014 USD and indir ec t  cos ts  associated  with  CRS can go to  $13  

bi l l ion  2014  USD. Regard l ess  o f  i ts  pr evalence ,  CRS  accoun ts  for  

huge hea l th  care  expend itures  rel at ed to  off i ce  vis i ts ,  medica t ion  
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prescr ipt ions ,  loss  of  workdays  and  surge ry (26,27,29) ;  but  a lso  for  

over  the coun ter  med icat ions  and o the r  indirect  cos ts  (34) .  

 

1 .3 .4  C lin ical  sub types  of  CRS  

Firs t ly ,  a  d isease is  c lass if ied  accord ing to  i ts  observab le  

charac ter is t i cs .  These ‘vis ible  charac ter is t ics ’  ar e cal led pheno type s  

and can he lp  a  phys ician to  div ide pa t i ents  in to  d if f eren t  groups  

according to  their  c l in ical  pres entat ion and subsequent  response to  

t reatmen t .  According to  Lötva l l ,  and in  the con tex t  of  as thma,  a  

pheno type  des cr ibes  c l in ical ,  phys iological ,  morphologic ,  and 

biochemical  charac ter is t ics  as  we ll  as  the r esponse to  dif f er ent  

t reatmen ts  (35) .  

As  expla ined,  pheno types  are cl in ica l ly  re levan t  and  he lp  

phys ic ians  dec ide on tr ea tment  paths .  How ever ,  they do no t  e luc ida te  

the  under ly ing  processes  o r  d isease p rogress ion,  ne i ther  improve 

drug deve lopmen t or  d iagnos is .  Therefore,  the  t erm  endotype  has  

emerged.  I ntroduced by Anderson,  th is  d if fer en t  form of  disease  

class if i ca t ion helps  def ine dis t inct  s ubtypes  of  a  condi t ion,  

descr ibing dis t inc t  d iseas e en t i t i es  with  a  def in ing ae t io logy and/o r  

a  pa thophys iologica l  mechanis m (35) .  

Accord ing to  several  s tudies ,  chron ic d i seases  are composed of  

severa l  endotypes  each one corresponding to  a  d if fe ren t  under ly ing  

mechan ism.  Many  of  these  propos ed  mechanisms  ar e poor ly  

unders tood,  so  res ear ch to  identi fy  novel  the rapeut ic  t arge ts  and 

biomarkers  that  wil l  help  diagnos e and prognos t i c  is  requ ir ed .  

Fur thermore,  recogn is ing  these inf l ammatory pathw ays  may help  

predict  the response to  a  de termined treatmen t  and  thus  faci l i ta t e  

t reatmen t  decis ions  (35–37) .  

As  a  consequence of  i ts  heterogene ity ,  CRS has  numerous  

heterogeneous  c l in ical  pres entat ions  (F igure 7) .  At  the beg inning o f  

th is  work ,  CRS class if i ca t ion was  d ichotomized  based on  the  

presence or  absence  of  N P,  w ith  divis ion o f  fur ther  phenotypes  based  

on cl in ica l  f ea tures  (23,24,38) .   
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Figure  7:  Class i f icat ion  of  CRS forms .  CRSwNP,  C RS  wi th  nasa l  

po lyps ;  CRSsN P,  CRS  w i tho ut  na sa l  po lyps ;  e -CRS ,  eos ino phi l ic  CRS;  

ne -CRS ,  non-eos inoph i l ic  C RS;  AE RD,  a sp i r in -exace rba ted  r e sp i r a to ry 

d isea se .  

 

From the  commencement  of  the pr esen t  s tudy  in  2016 ,  to  i ts  

comple t ion  in  2019,  th is  w as  the  c lass if icat ion of  CRS according to  

i ts  cl in ica l  featur es .  How ever ,  upon the  pub licat ion  of  the 2020  

European Pos i t ion Pape r  on Rh inos inus i t is  and Nasa l  Polyps  

(EPOS) ,  a  new contemporary  class if i ca t ion for  CRS  w as  propos ed .  

This  new class if ica t ion sys tem approaches  CRS as  a  b road  

inf l ammatory a irway cond it ion ,  spl i t t in g CRS into  p r imary and 

secondary forms ,  and fur ther  d ivided in to  local ised and dif fused  

diseas e based on anatomic  dis tr ibut ion .  This  new sys tem also  

cons iders  the inf lammatory endo type dominance ,  wh ich wi l l  def ine  

treatmen t  opt ions .  Pr imary CRS wil l  be presen ted here (F igure 8 ) ,  

while  secondary  CRS wi l l  be pr esen ted  la ter  in  sect ion 1 .3 .8 .  
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Figure  8:  Class i f icat ion  of  pr imary  CRS.  AFRS,  a l le rg ic  funga l  

rh inos in us i t i s ;  CRSwNP,  chron ic  rh ino s inu s i t i s  wi th  na sa l  po lyps ;  eC RS ,  

eos inoph i l ic  C RS;  C CAD,  cen t r a l  compar tment  a l le rg ic  d isea se .  Source :  

Fokkens  e t  a l .  2019  (20) .  

 

Therefore,  endo types  ar e the  next  hope  for  CRS inf l ammatory  

pathw ays ,  causa l -e ffect  re lat ionsh ip ,  and pa t i ents ’  management.  

These  wil l  be seen fur ther  ahead in  th is  w ork  (sec t ion  1 .4 .3) .  

 

1 .3 .5  Diagnos is  of  CRS  

Pati ents  w ith  a  his tory  sugges t ive o f  CRS are eva lua ted f or  

evidence of  nas al  polyps ,  purulent  secre t ion,  or  anatomica l  

abnormal i ty ,  which may be r espons ib le fo r  the  symptoms.   

The s ta te  of  heal th  of  the pa ranasal  s inus es  depends  on immuni ty ,  

mucoci l i ary  c learance and the aera t ion o f  the s inuses .  The middle 

mea tus  forms  the common dra inage pathway for  the anter ior  

ethmoidal ,  f rontal  and maxi l l ary  s inus es ,  and can be r ead ily  

examined w ith  a  f ibr e opt ic  endos cope.  Endoscopic examinat ion  wil l  

usual ly  show infected mucus  dr ain ing f rom these areas  (1) .  

S tandard rad iologica l  images  ar e no longer  recommended in  the 

diagnos is  of  RS becaus e of  thei r  poor  s pec if i ci ty  and s ens i t iv i ty .  

Compu ted tomography (C T)  scans  give a  more detai led  pictur e of  the  

s inuses .  They a re rou tinely  done when endoscopic surgery is  

ant ic ipa ted ,  and sometimes  as  an  add it ional  a id  for  d iagnos is .  CT 

scans  def ine ana tomical  va r i at ions  bu t  should  no t  be used in  
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isola t ion ,  s ince one in  three asymptomatic  ind ividua l s  show 

inc iden ta l  mucosa  changes  (1 ,39) .  

CT eva lua t ion o f  pat ien ts  complain ing  of  CRS is  essen tia l ly  

focused on an accurate del ineat ion of  thos e el ements  –  inf lammato ry 

mucos al  changes  and/or  pr edispos ing  anatomica l  f ac tors  –  tha t  may  

impair  mucoc il i ary  dra inage (3) .  

Bes ides  the above-ment ioned more  tr adi t iona l  cl ass if i ca t ion,  

severa l  ef for ts  have been  made  to  measure the s ever i ty  of  th is  

d iseas e ent i ty  based on bo th  c l in ical  man if es ta t ions  and CT f indings .  

Among the l a t ter ,  the Lund-M ackay (LM) sys tem is  the most  popular  

because of  i ts  h igh in ter -  and intr a-obse rver  agreemen t ra te ,  as  wel l  

as  i ts  s imp lici ty  and r eproducib i l i ty  (40) .  

The Lund-Mackay c lass if icat ion appl ies  a  thr ee -poin t  sca le ,  as  

shown in  Tab le 3 ,  to  each  major  par anas al  cav ity  (maxi l l ary ,  f rontal  

and sphenoid s inus ,  anter ior  and pos te r ior  e thmoid) .  A score  is  

s imi lar ly  ass igned to  the os t iomeatal  complex,  graded as  patent  (0)  

or  obs tructed (2) .  The to ta l  sum of  CT al t era t ions  may ther efore  

range  f rom 0  to  24 (3) .  The  Lund-Mackay sys tem r el ies  on a score  

of  0–2  dependent  upon  the absence  of ,  pa r t ia l  or  complete 

opac if i ca t ion o f  each s inus  sys tem,  der iving a maximum sco re of  12  

per  s ide .  Os tiome atal  complex  wou ld add a f ina l  s core  of  ei ther  0  

(no opacif icat ion)  o r  2  ( i f  opaci f i cat ion  happens ) .  I t  w as  adop ted  by 

the  Rhinos inus i t is  Task Force  Commit tee of  the A mer ican A cademy  

of  Otolaryngology  Head and  Neck  Surgery in  1996.  

 

Table  3 :  Lund -Mackay score .  

0  No opac i f ica t ion  

1  Par t ia l  opac i f ica t i on  

2  Tota l  opac i f ica t ion  

 

The  impact  of  CT-based  s t aging sys tems is  s t i l l  con trovers i al .  

Severa l  repo r ts  fa i l ed to  demonstr ate  a  d irect  co rre la t ion  between 

pat ien ts ’  compla in ts  at  pr esen tat ion  and  the  imag ing  f indings .  In  
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contr as t ,  some corr elat ion was  demons tra ted be tween CT scan 

sever i ty  and endos cop ic appearance  (41 –43) .  Thus ,  CT should be  

cons idered  an inva luable  tool  for  proper  surg ical  p lann ing and  

ana tomic landmark de l ineat ion (3) .  

Therefore,  ERS/EAACI guidel ines  recommend  r adiog raph ic  

and/o r  endos copic con f irma tion o f  d iseas e to  pr even t  

misc lass if icat ion w ith  other  d iseas es  tha t  can masquerade as  CRS 

(e.g . ,  p r imary headache d isorde r ,  ch ronic rhini t is ,  s eptal  dev ia t ion) .    

 

1 .3 .6  Trea tment  of  CRS  

Like mos t  chronic dis eases ,  CRS is  d if f i cul t  to  con tro l  and  

commonly requir es  therapy for  long  per iods  (44) .  How ever ,  t aking  

med ica t ion pe rmanen t ly  or  for  a  long- term per iod might  be 

cha l lenging,  espec ia l ly  i f  the des ire d ou tcome is  not  achieved  or  i f  

recurr ence occurs  (45) .  The European  guidel ines  have been through  

three i ter at ions  with  EPOS2020 se t t ing out  how pa ti ents  shou ld be  

managed ;  s imi lar ly  the re are  other  in ternat iona l  gu ide l ines  such as  

the  Internat iona l  Consensus  on  Allergy  and  Rh inos inus i t is  w ith  

s imi lar  t reatment  r ecommenda tio ns  (20,46 ,47) .  Cur ren t  therapy for  

CRS includes  in tr anasa l  cor t i cos teroids  and nasa l  douching ,  with  

select  use  of  o ral  cor t icos tero ids  and w ith  uncer t ain ty  abou t  the  ro le  

of  or al  an t ib iot ics .  In  thos e  cases  refr actory  to  med ica l  therapy ,  

s inus  surgery  is  cons idered,  bu t  the t iming of  th is  in te rven tion 

remains  in  doubt  ( 20,48–53) .  CRS treatment  a ims  to  r educ e mucos al  

inf l ammation ,  cont rol  infect ion,  and r es to re  mucoc il iary  c learance  

within  the s inuses  (23,54) .  Drug  opt ions  a re pres ented in  Table 4 .  
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Table  4 :  Drug op t ion  for  CRS pat ient s .  

Types  of  drug  Subtypes 

S tero ids 
Topica l  na sa l  s te ro ids  

Sys temic  s te ro id s  

Nasal  ir r igat ion  

Sa l ine  douching  

S te ro id  nasa l  i r r iga t ion  

Topica l  an t ib io t ic  the rapy  

Chemica l  sur f ac tan t  ( e .g . :  baby  

shampoo)  

Ant ib iot ic s   

Ant ifungal  therapy  

Others 

Deconges tan ts  

Mucoly t ic s  

Ant ih i s tami nes  

Leukotr iene  inh i b i to r s  

Ana lges ic s  

 

Endoscopic  s inus  surgery (ESS)  is  the  main in te rven tion in  the 

treatmen t  of  CRS wi th  or  without  NP refr actory  to  maximum medica l  

t reatmen t  (55) .  I t  is  usefu l  for  cl ea r ing  the  s inonas al  pass ages .  In  

th is  case,  a  CT s can is  manda tory and should be made ava il able,  to  

assess  the extent  of  d isease,  any previous  s urgery and any ana tomical  

var i ants .  I t  is  impor tan t  to  make pa t i en ts  aware  that  ESS may no t  be 

a  cu re for  the under ly ing pathology and tha t  symptoms may r ecu r  

(56) .  Therefore,  to  decrease  l eve ls  of  inf lammat ion and  main ta in  

diseas e cont rol ,  pat ien ts  undergo  long - te rm tr ea tment  wi th  

in tr anas al  s tero ids  and douche pr io r  to  and af t er  surgery.  

I t  has  been found  that  many pat ien ts  do  not  r espond  as  expected 

to  the “one -s ize f i ts -a l l ”  t reatmen t  approaches ,  support ing the  not ion  

tha t  CRS  is  a  mu lt ifacto r i al  d isorder  with  diverse  and over lapp ing  

patho log ies  and cl in ica l  phenotypes  (57) .  Given the low number  of  

t reatmen t  opt ions ,  and the f ac t  tha t  a  s ignif i can t  subse t  of  pat ien ts  

does  no t  respond to  these  tr ea tments ,  i t  is  importan t  to  de termine 

how to  tai lor  t reatmen t  to  op timi se  outcomes ,  and how to  iden tify  
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the bes t  sui ted ther apy opt ion for  each pa t i en t’s  under lying 

pathophys io logy  (58) .  Therefore ,  new therapies  to  control ,  or  ideal ly  

hea l ,  t hese chronic  condi t ions  are  despera tely  needed.  The most  

promis ing d irect ion seems to  be more targeted drugs  a imed toward s  

speci f ic  mo lecular  med iators  of  inf l ammation,  and research in to  the  

cel lu lar  and mo lecular  under ly ing process es  of  CRS is  a  prer equis i t e  

for  such d rug  deve lopmen t.  

Therefore,  the ident if ica t ion of  CRS endotypes  determined by 

dis t inc t  pa thophys iologica l  mechanis ms ,  and fur ther  character is ing 

the CRS uncont rol led by curr ent  t reatmen t  reg imens ,  may provide a  

founda tion f rom which t o  unders tand  disease caus al i ty  and 

ul t imate ly  deve lop eff ic ien t  managemen t approaches  (57) .  

 

1 .3 .7  Pa thogenes is / immuni ty  mechanis ms of  CRS  

As  previous ly  ment ioned,  CRS has  been  d ivided in to  two dis t inct  

forms :  chronic rh inos inus i t is  wi th  NP  ( CRSwNP) and  chronic 

rhinos inus i t is  w ithou t  NP  ( CRSsNP).  These two d is t inc t  d isease 

ent i t ies  ar e character is ed by the pres ence or  absence of  NP,  as  found 

on endoscopic examina tion .  Th is  d iv is ion of  CRS pa ti ent  subs ets  

lacks  a  complete ins ight  in to  the under lying pathophys iolog ical  

mechan isms of  these  dis eases ,  with  m any s tudies  inves t igat ing  

whether  CRS pa tients  would be be t t er  c l ass if i ed bas ed on  pa t t erns  

of  symptoms and/or  in f l ammatory med ia tors  (21,59,60) .  

Whi le  the exact  mechanisms  of  CRS pathogenes is  a re  s t i l l  be ing  

elucidated,  several  t r igger  factors  have been l inked  to  i ts  

deve lopmen t (Figure  6) .  How ever ,  due  to  i ts  mu lt ifacto r ia l  ae t io logy  

and complexi ty ,  i t  has  been  d if f i cul t  to  def ine  the  exac t  caus al  

rel at ionships  o f  CRS which,  in  tu rn ,  has  made iden tif icat ion of  

sui table  t r ea tment  very prob lematic .   To  address  th is ,  r esear chers  

have s t ar ted to  focus  on th e role  of  speci f i c  inf lammatory mo lecules  

in  CRS patho log ical  mechan isms.  

A summary of  these inf lammatory  mediato rs  is  presented in  Tab le  

5 ,  as  we ll  as  their  ce l l  source and biolog ical  ac t iv i ty  (61,62) .  
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Table  5:  Cytok ine  func t ion s  that  may be  involved  in  nasa l  

pathogenes is .  

Cytoki ne  Se c r e te d by  Tar ge ts  and e f fe c t s  

IL-1  Monoc y t e s ,  

m a c ropha ge s ,  

e ndo t he l i a l  ce l l s ,  

e p i t he l i a l  c e l l s  

Va sc u l a t u re  ( i n f l a m m a t i on) ;  

hypo t ha l a m us  ( f e ve r ) ;  l i ve r  ( i nduc t i on  o f  

a c u t e  pha se  p ro t e i n )  

IL-4  T H 2  c e l l s ,  m a s t  

c e l l s  

Prom ot e s  T H 2  d i f f e re n t i a t i on ;  i so t ype  

swi t c h  t o  IgE  

IL-5  T H 2  c e l l s  E os i noph i l  a c t i va t i o n  a nd  ge ne ra t i on  

IL-6  Ma c ropha ge s ,  

e ndo t he l i a l  ce l l s  

L i ve r  ( i nduc e s  a c u t e  pha se  p ro t e i ns) ;  

i n f l ue nc e s  a da p t i ve  im m uni t y  

(p ro l i f e ra t i on  a nd  a n t i body  se c re t i on  o f  

B  c e l l  l i ne a ge )  

IL-8  Monoc y t e s ,  

m a c ropha ge s ,  

f i b rob l a s t s ,  

ke ra t i noc y t e s ,  

e ndo t he l i a l  ce l l s   

Mobi l i se s  a nd  a c t i va t e s  ne u t roph i l s ;  

p rom ot e s  a ng i oge ne s i s  

IL-9  T  c e l l s  Ma s t  c e l l  a c t i va t i on  

IL-10  T H 2  c e l l s ,  

m a c ropha ge s  

Inh i b i t s  p roduc t i on  o f  T H 1  c e l l s  a nd  

m a c ropha ge  func t i on  

IL-13  T  c e l l s  Sha re s  c ha ra c t e r i s t i c s  wi t h  IL -4  ( i so t ype  

swi t c h  t o  IgE ) ;  g rowt h  fa c t o r  fo r  B  c e l l s  

IL-15  T  c e l l s  a nd  

e p i t he l i a l  c e l l s  

T -c e l l  g rowt h  fa c t o r  

IL-17 A  T H 17  c e l l s  Prom ot e s  ne u t roph i l  m i g ra t i on  a nd  

d i f f e re n t i a t i on .  

IL-17E 

or  IL -25  

T H 2  c e l l s ,  

e os i noph i l s ,  m a s t  

c e l l s  

(Pro - i n f l a m m a t ory  c y t ok i ne )  Prom ot e s  

ne u t roph i l  m i g ra t i on  a nd  d i f f e re n t ia t i on ;  

p rom ot e s  T H 2  re sponse s  ( IL -5  a nd  IL -3  

p roduc t i on)  

IL-33  E ndot he l i a l  ce l l s ,  

f i b rob l a s t s ,  

sm oot h  m usc l e  

c e l l s ,  

ke ra t i noc y t e s  

T H 2  de ve l opm e nt  a nd  a ct i va t i on  o f  IL C2s  

TNF -  Ma c ropha ge s ,  

m a s t  c e l l s  

Va sc u l a t u re  ( i n f l a m m a t i on) ;  l i ve r  

( i nduc t i on  o f  a c u t e  pha se  p ro t e i ns) ;  l o ss  

o f  m usc l e ,  body  fa t  ( ca c he x i a ) ;  i nduc t i on  

o f  de a t h  i n  m a ny c e l l  t ype s ;  ne u t roph i l  

a c t i va t i on  

TG F -  T  c e l l s ,  

m a c ropha ge s ,  

o t he r  c e l l  t ype s  

Inh i b i t s  T -c e l l  p ro l i f e ra t i on  a nd  e f fe c t o r  

func t i ons ;  i nh i b i t s  B -c e l l  p ro l i f e ra t i on ;  

p rom ot e s  i so t ype  swi t c h  t o  IgA;  i nh i b i t s  

m a c ropha ge s   

IF N-  T H 1  c e l l s ,  CD8+  

c e l l s ,  NK c e l l s  

Ac t i va t e s  m a c ropha ge s ;  i nc re a se s  

e xpre ss i on  M HC c l a ss  I  a nd  c l a ss  I I  

m ol e c u l e s ;  i nc re a se s  a n t i ge n p re se n t a t i on  

G -CSF  E ndot he l i a l  ce l l s ,  

f i b rob l a s t s ,  

m a c ropha ge s  

Ne u t roph i l  p roduc t i on  

RAN TES  T  c e l l s ,  

e ndo t he l i a l  ce l l s ,  

p l a t e l e t s  

De gra nu l a t e s  ba soph i l s ;  a c t i va t e s  T  ce l l s  
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Severa l  s tud ies  have  indica ted  that  these  two pheno types  a lso  have  

dis t inc t  immuno logica l  mechanisms (29,63,64) .  While  CRSsNP is  

typica l ly  dr iven by a  predominan t  T H1 skewed in f lammatory 

response  (Figu re  9B),  a  T H2  r esponse  with  an enr i chment  of  

eos inophils  has  been  found to  charac ter is e many cases  of  CRSwNP 

(Figure 9A) (21,29,63–70) .  Recent ly ,  some s tudies  have 

demons tra ted cons iderable d if f erences  in  the patholog ical  and 

cl in ical  featur es  of  CRS in  pa t i en ts  with  di f feren t  r ac ial  backgrounds  

(64,71,72) .  More specif ical ly ,  recen t  s tudie s  demonstr ated that  

As ian pat ien ts  wi th  NPs  show ed a pr edominant  T H1 /T H17 r esponse  

(64,73,74) .  Even so,  ther e are conf l ict ing repor ts  regard ing  

express ion levels  of  specif ic  media tors  in  CRSsNP,  w ith  some  

repor t ing  a T H1-dr iven inf l ammatory r esponse and other s  indica t ing 

a TH2 inf lammat ion,  as  w el l  as  the s imul taneous  express ion of  

d if fer en t  T H  types  wi thin  a  s ingle phenotype (65,75) .   

An inves t igat ion in to  inf lammatory biomarkers  ava i l able wi thin  

nasal  t is sue and/or  mucus  can provide  ins ights  in to  the  

pathophys io logy  of  CRS tha t  may  dr ive the  cou rse of  pat ien t  

select ion for  t reatmen t .  P rev ious ly ,  CRS pat ien ts  were d ivided into  

pheno types  according to  the ir  d is t inct  c l in ical  f indings  (NP) and 

the ir  pa thophys iology,  so  these have  also  dr iven t rea tment  

parad igms.  However ,  pat ients  f rom the same group  d id  no t  r espond  

equa lly  to  t reatmen t  and ,  as  s een prev ious ly  in  th is  sec t ion,  ther e 

may we ll  be d if f er ing pathophys iology  within  each pheno type.  

Fur thermore,  the discovery o f  d is t ingu ish ing inf lammato ry pa t t erns  

could  enab le  a  more  accurate charac ter is at ion o f  individuals  wi th  

CRS.  Such  r esea rch  resu l t ed in  the paradigm presen ted  in  F igure  5 ,  

where three types  of  immune response  are pr esen ted .  These 

mechan isms can be involved in  CRS patho logy by chron ical ly  

act iva t ing one or  more  of  these  respons es  in  the s inonasal  t is sue  

(20,76,77) .  

For  these reasons ,  t he  new EPOS 2020  guide l ines  pr esen t  a  new 

mode l  for  CRS pa thogenes is ,  which recognises  that  research in ter es t  
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is  being di rec ted towards  unders tanding the under lying mo lecular  

pathw ays  and endo types  associated wi th  CRS (Figure 10) ,  leaving  

behind the complex ity  of  the hos t-environmen t re lat ionsh ip .  In  the  

new mode l ,  the mo lecular  pa thways  would  be the r esul t  o f  numerous  

hos t-environment in teract ions  and would lead u l t ima te ly  to  the  

pheno type observed in  c l in ic .  
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Figure  9:  Current  understand ing  of  immunologica l  even t s  o f  CRS  

phenotypes .  A.  CRSwNP –  T H 2- type  mic roenvironment  r epre sen t in g  

eos inophi l ia  and  IgE  produc t ion .  B.  CRS sNP,  whe re  a  T H 1  or  T H 0  

r e sponse  preva i l s .  Source  Akdis  e t  a l .  2013  (21) .  

 

 

Figure  10:  Ae t io logy  and  pathogenes is  o f  CRS.  Source :  Fokkens  e t  a l .  

2019  (20) .  
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1 .3 .8  Sys temic  dis eases  with  Chronic Rh inos inus i t is  as  a  common 

end po int  

CRS can a lso  ar ise as  an end poin t  for  o ther  man ifes ta t ions  tha t  

may o r  may no t  af fect  the upper  resp ira tory sys tem.  RS in  the se cas es  

is  a  r esul t  of  an under ly ing sys temic  dis ease p rocess  or  condi t ion  

tha t  pred isposes  pat ien ts  to  the development of  inf lammation in  the 

nasal  t r ac t .  

Examples  of  secondary f ac tors  inc lude aspir in  in to ler ance (a lso  

known as  Sampter’s  t r i ad) ,  immunode f ic iency,  pr imary ci l i ary  

dyskines ia ,  and cys t ic  f ibros is .  Another  common cause is  

granu lomatos is  wi th  polyang ii t is ,  which  is  a  sys temic vascu li t is  

d iseas e of  the s mall  ar t er i es ,  cap il l ar ies ,  and venules .  I t  can resu l t  

in  nas al  d isease if  gr anulomas  ar e pr es ent  in  the nasa l  cavi ty  (78 ) .  

The  sys temic f ac tors  assoc ia ted  wi th  the  deve lopmen t of  CRS  ar e 

more extens ively  pr esented in  Tab le 6  (5) .  

 

Tab le  6 :  Fac tors  pred ispos ing  to  CRS as  a  secondary  man ife s tat ion .  

S ource :  Brook  2006  (5) .  

Secondary  fac tors   

Auto im mune  Sa rco idos is  

 Granulo ma tos i s  wi th  po lyang i i t i s  

Im mune  de f ic iency  HIV  

 Ia t rogenic  

 Hypogammaglob ul ine mia  

Al le rg ie s  Inha lan t / food  a l le rgy  

Mucoc i l ia ry  d i sorde r s  Pr imary  c i l ia ry  dysk ines ia  

 Cys t ic  Fi bros i s  

As thma  ASA in to le rance  

Me tabol ic  d i sorde r s  Diabe te s  me l l i tus  

Hormona l  im ba lance  Hypothyro i d is m  

 Pregnancy  

 

As  descr ibed p rev ious ly  in  sec t ion 1 .3 .4 ,  EPOS 2020 gu idel ines  

updated  the c lass if icat ion  of  CRS.  Th is  new class if i ca t ion div ides  
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CRS into  pr imary and secondary  forms .  I n  here,  w e inves t iga te  the  

secondary c lass if i ca t ion in  more de ta i l  (F igure 11) .  Secondary CRS  

would der ive f rom the man ifes tat ion /evo lut ion o f  ano ther  sys temic  

diseas e.  As  fo r  pr imary CRS,  th is  fo rm o f  CRS wi l l  be fur ther  sp l i t  

in to  loca l is ed and d if fus ed d isease based  on ana tomic  dis tr ibut ion,  

cons ider ing in f l ammatory endo type  dominance,  wh ich  wil l  

u l t imate ly  def ine the phenotype of  CRS.   

 

  

Figure  11:  Clas s i f icat ion  of  secondary  CRS.  PCD,  pr imary  c i l ia ry  

dysk ines ia ;  C F,  cys t ic  f ib ros i s ;  GPA,  g ranuloma tos is  w i th  po lyang i i t i s  

(Wegene r ’ s  d isea se ) ;  GPA,  eos inoph i l ic  g ran uloma to s is  wi t h  po lyangi i t i s  

(Churg -S t r auss  d isea se ) .  Source :  Fok kens  e t  a l .  2019  (20) .  

 

1 .4 .  Biomarkers  in  r espir ato ry dis e ases  

1 .4 .1  B iomarker  def in i t ion  

Genet ic  and epigene ti c  pat terns  associa ted with  inf l ammation  of  

the  upper  r espir atory sys tem po in t  to  us eful  b iomarkers .  The  te rm 

‘biomarker ’  has  evo lved  and is  now  used to  def ine any  bio log ic  

measu remen t that  cou ld  examine or  pred ict  under lying phys iologic  

processes  or  respons iveness  to  a  ther apeu ti c  in terven tion.  

Biomarkers ,  broadly def ined,  are  measurable ind icators  of  b iologica l  

processes ,  or  pharmaco log ical  r esponses  to  a  therapeu ti c  

in terven tion (79,80 ) .  A good biomarker  should be pr ec ise  and  

rel iab le ,  and i t  shou ld  be ab le to  dis t ingu ish  be tween “normal” and  
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patho log ical  s t at es .  Measuremen ts  of  b iomarkers  ar e t r adi t iona lly  

l imited to  the detec t ion of  speci f i c  protein  l igands  in  the body f lu ids  

and t is sues  that  become al te r ed as  a  consequence of  a  b io log ic or  

patho log ic process .  A biomarker  may se rve dif f eren t  roles  such as  

diagnos is  of  a  d iseas e,  s ever i ty  and/or  r isk  assessment,  pr edict ion  of  

drug eff ec ts  and moni tor ing of  a  s t at e  or  condit ion (79 –82) .  In  o the r  

words ,  b iomarkers  wi l l  he lp  to  def ine popula t ions ,  predict  d isease  

course,  improve drug deve lopmen t,  moni tor  the effects  of  ther apy o r  

advers e events ,  pred ic t  c l in ical  outcomes  and even iden tify  new 

biological  pathw ays  invo lved in  the di se ase’s  pa tho logy,  which  

ult imate ly  wi l l  increase know ledge and l ead to  the ident if i ca t ion of  

new tr ea tments  (83) .   

In  addit ion,  an  ideal  b iomarker  should demonstr ate  a  cl ear  

rel at ionship  wi th  a  pathophys io log ical  charac te r is t ic  of  a  d isorder ,  

be re l i able and r eproduc ible,  inexpens ive,  sens i t ive to  the des i red  

diseas e wi th  pr ed ict ive pos i t ive and negat ive values  and measurab le  

changes .  Moreover ,  to  be  accepted by pat ien ts  and us e d w ide ly ,  i ts  

sampl ing should be s imp le  and easy (83–87) .   

As  a  r esul t ,  i t  is  expec ted  that  th is  approach  wil l  enable  a  bet ter  

unders t and ing of  chron ic ai rway d iseas es ,  the ident if ica t ion  of  

rel evan t  d is ease f ea tur es  and the deve lopment o f  personal ised  

managemen t plans  for  indiv idual s ,  wh ich wil l  u l t imately  improve  

QOL in  r espir atory condi t ions .   

 

1 .4 .2  Development o f  b iomarkers  for  resp ira tory cond it ions   

In  c l in ical  pr ac t i ce,  the development  of  b iomarkers  fo l lows  two  

main app roaches .  The f irs t  one inves t igates  b iomarkers  for  the ir  

predict ive power ,  which  can he lp  to  es tab l ish  a  d iagnos is ,  the s tage  

of  the  disease  and i ts  prog ress ion ,  or  even pr edict  r espon ses  to  

t reatmen t .  The second approach uses  an unbias ed ‘omics’  screening 

approach  that  he lps  to  ident ify  adequa te  biomarkers  for  both  c l in ical  

and res ear ch appl icat ions  (84 ,87) .  
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Biomarker  d iscovery has  become an area of  growing interes t  an d  

inves t igat ion in  r ecent  years ,  par t icular ly  in  ident ify ing and  

at t empting to  va l idate new r elevan t  b iomarkers  in  chronic 

respir atory cond it ions .  Any su i table biomarker  to  be us ed in  airw ays  

disorders  should be c l in ical ly  re levan t  for  the ongoing inf lamma tory  

processes  or  phys iolog ical  func tions  of  the resp ira tory sys tem ,  or  

have  a  re la t ionship  wi th  the d isease prog ress ion /regress ion  and the  

impac t  of  these  changes  on pa t i en ts ’  c l in ical  s ta te  and QOL (83) .  

The f irs t  r espir atory  dis eas es  for  which  biomarkers  have  been 

deve loped fo r  d isease management  were as thma and  COPD , due  to  

the ir  h igh burden worldwide.  The developmen t of  such  biomarkers  

has  proved to  be extr emely us eful  in  the management of  as thma,  

COPD and AR,  among  others .  Therefore,  new effo r ts  aim to  ex tend  

this  to  o ther  chronic respi ra tory dis eases  such as  CRS (47,83 ,84) .  

Moreover ,  the r ecogni t ion of  airw ay  di sease pheno types  and 

endotypes ,  ass is t ed  by the  iden tif icat ion of  sui tab le  biomarkers  has  

led to  the recogn it ion of  r espir atory syndromes  in  as thma and COPD.  

Key biomarkers  are descr ibed in  the l i t era tur e as  potent ia l  

b iomarkers  for  these  disorders  such as  eos inophi ls ,  neu trophils ,  

FeNO  (f ract ional  exhaled  ni tr i c  oxide) ,  MPO (myeloperoxidase) ,  

ECP (eos inoph il  ca t ionic pro te in) ,  ma tr ix  me ta l loproteinase -9/  

TIMP ( t issue inhib i to r  of  me ta l lop rote ina se )  ra t io ,  IL- 8,  H 2O 2  

(hydrogen perox ide) ,  Cys - LT (cys teinyl  l eukot r iene) ,  eNO and nNO  

(exha led  and nasa l  n i tr i c  oxide,  respect ively) .  Bo th  eos inoph ils  and  

neutrophi ls  ar e va l idated b iomarkers  for  as thma and COPD in  drug 

deve lopmen t and cl in ica l  se t t ing.  T he ir  numbers  rel at e  to  as thma  

sever i ty  and pers is tence,  and eos inoph i ls  are a lso  pred ic tors  of  

cl in ical  r esponse to  cor t i cos teroids  and may predict  exacerbat ions .  

For  th is  reason,  ECP and MPO are  a lso  thought  to  be pred ic t ive 

biomarkers  in  a irway d isorders .  Although  ECP cor re la tes  with  

eos inophils  numbers ,  MPO does  not  show any  re la t ion ship  wi th  

neutrophi l  leve ls .  Anothe r  airw ay biomarker  example is  NO which  

can be measured as  FeNO, eNO or  nNO.  F irs t ,  FeNO is  re la ted  to  



   

 

 48 

airway inf l ammation and l ikewis e i t  i s  es t ima ted to  pred ic t  respons e 

to  t reatmen t  and poor  t r ea tment  compliance ,  being used for  adjus t ing  

treatmen t  in  as thma.  I t  is  descr ibed as  high in  COPD exacerbat ions ,  

and poss ib ly  when as thma is  assoc ia ted with  COPD. Fur thermore,  

eNO cou ld be us ed for  c l in ical  monitor ing  and  ear ly  drug  

deve lopmen t in  (a l l ergic)  as thma.  F ina l ly ,  nNO has  been  desc r ibed 

as  decreased  in  nas al  b lockage  and  NP ,  and  i t  can  be  indicated for  

these  pa r t i cu lar  featur es .  Moreover ,  Cys -LTs ,  IL-8  and  H 2O 2  were  

descr ibed  as  be ing  corr el at ed w ith  more severe  as thma.  F ina l ly ,  

MMP-9/TIMP r at io  can  be  used  for  moni tor ing the  ef fects  o f  

in terven tions  (81,83,84,87 ) .  

In  summary ,  severa l  b iomarkers  are  now avai lab le  to  he lp  

indiv idual i se t r ea tment  for  airw ay d iseas es ,  par t icular ly  in  

s i tua t ions  where the  dis ease is  severe and ir respons ive to  the rapy.  

In  order  to  help  improve knowledge  on immune  or  al lerg ic  

pathophys io log ica l  mechanisms ,  and ul t ima te ly  improve  

managemen t of  airw ay disorders ,  b iomarkers  wil l  need to  pred ic t  

cl in ical  phenotypes  and tr ea tment  respons iveness  in  pat ien ts .  

 

1 .4 .3  B iomarkers  in  CRS  

There has  been extens ive  r esea rch on biomarkers  in  CRS.  As  

descr ibed in  the prev ious  sect ion,  the des c r ipt ion of  an endo type may 

rely  on b iomarkers  (88,89) .  Several  b iomarkers  l ike  eos inoph ils ,  

IgE,  and  some cytok ines ,  such as  IL -5 and IL- 13,  w ere  des cr ibed as  

corre la ted  wi th  the pr esence  of  NP.  However ,  there  is  s t i l l  no  c lear  

rel at ionship  be tween disease even ts  ( e .g . ,  sever i ty)  and these  

biomarkers .  

CRS occurs  in  the nos e and paranasa l  s inuses ,  and ther efore,  nasa l  

specimens  ar e of  extr eme importan ce for  the charac ter isa t ion of  i ts  

pathophys io log ica l  mechan isms.  Thes e s pec imens  can be  used for  

measu remen ts  of  var ious  solub le marker s  and cel l  populat ions  by  

f low cy tomet ry  analys is ,  PCR s tudies  and  protein  ana lys is .  
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Recent  s tud ies  have r evealed  severa l  mechanisms  that  a re 

impor tan t  in  CRS pa thogenes is  ( as  s een before) .  Thus ,  CRS 

biomarkers  can be used for  the fo l low ing purposes :  charac ter i sa t ion 

of  immune mechan isms in  CRS; iden tify ing  med ical  ther apies ;  and 

tracking  respons e to  t r ea tment .  

This  thematic  wi l l  be  discussed  in  more  de tai l  in  the  nex t  chap ters .  

 

1 .5 .  Hypotheses  

Nasal  t is sue contains  biomarkers  of  d isease that  have ye t  to  be 

discovered and ut i l ised.  A be t t er  under s tand ing of  inf lammato ry 

pat terns  in  CRS may he lp  to  ref ine  the c l ass if i ca t ion  of  sub -groups  

of  pa t i ents .  This  info rmation cou ld be used to  deve lop more spec if i c  

t reatmen ts  which target  inf l ammatory pa thways  tha t  con tr ibu te  to  

diseas e pa thogenes is .   

This  work p roposes  tha t  by us ing a l iquid  bead  arr ay approach,  

with  s mall  sample r equi remen ts ,  i t  wil l  be  poss ib le  to  dis cover  

biomarkers  of  CRS d iseas e and compare  the m to  hea l thy control  

populat ions .  Fur thermore ,  these  biomarkers  may be inves t igated  and  

fur ther  va l idated in  CRS subtypes .  By  assess ing b iological  and  

cl in ical  parameters  in  a  CRS cohor t ,  we expect  a  c learer  de f in i t ion  

of  potent ia l  d is ease  endo types ,  their  re lat ionsh ip  to  the c l in ical  

pheno types  and subs equen t  managemen t o f  s uch groups .  

 

1 .6 .  Aims  

CRS is  character i s ed by var iab le  and complex cl in ica l  

presen ta t ion  and  pa thophys iologica l  mechanisms.  The i den tif icat ion  

of  immuno log ica l  sub types  o f  CRS in  indiv idual  pat ien ts  is  an  

impor tan t  is sue,  al lowing for  more focused therap i es  in  the  

managemen t of  CRS.  The  pres ent  thes is  w as  des igned  to  character is e 

more  ex tens ive ly  the inf l ammatory  s ignatur es  prof i les  of  CRS 

pat ien ts  by  assess ing b iologica l  and cl in ica l  par amete rs .  This  w il l  

a l low a cl ear er  def ini t ion of  potent ia l  d isease en dotypes ,  the ir  
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rel at ionship  to  the cl in ica l  pheno types  and subsequent  management  

of  such groups .  

The spec if i c  a ims  were to :  

1)  Inves t iga te the c l in ical  f ea tur es  assoc iated with  pr e -  and pos t -

opera t ive  compliance in  CRS pat ien ts .  

2)  Search for  b iomarkers  fo r  d if f erent ia l  d iagnos is  (of  d iseas e 

endotypes)  leading to  subgroup al locat ion ,  d isease ac t iv i ty ,  and 

response to  t reatmen t .  

3)  Def ine  immune pro f i les  in  di f fer ent  cl in ical  sub types  of  CRS.  

4)  Ident ify  immune prof i les  tha t  may  predict  the  l ike l ihood o f  

d iseas e contro l  inc luding compliance wi th  med ical  t r eatment  af t er  

surgical  in tervent ion .  

5)  To t es t  the in  v i tr o  eff ect  o f  cl ar i thromycin on cy tok ine  

responses  in  ep i thel ia l  ce l l  cul tur es ,  that  could  help  to  gu ide CRS 

subgroups  managemen t .   

 

The object ives  of  th is  thes is  w ere :  

•  To prov ide an  overview of  the upper  r espir atory  sys tem and i ts  

immune r esponse  mechan isms ,  inc lud ing  descr ipt ion of  CRS,  

diagnos is -  and t rea tmen t - re la ted cha l lenges ,  and the potent ia l  of  

b iomarker - re la ted character isa t ion of  CRS.  

•  To provide an  ins ight  in to  the  prob lem of  med ica l  compl iance  wi thin  

a  re trospect ive  and prospect ive  coho rt  of  CRS pat ients .  

•  To search for  poss ible  CRS b iomarkers  th rough a l i te rature r ev iew.  

•  To def ine the r at iona l e  under ly ing the  recrui tment  p rocess  and  

techniques  se lected  to  address  the r esear ch aim.  

•  To va lidat e  a  s tandard ised  pro tocol  to  be  used in  th is  work ,  and  to  

determine samp le col lec t ion guidance for  par t ic ipan ts  in  the MACRO  

tr i al .  

•  To d etai l  the  r esul t s  of  immune  marker  express ion  according  to  CRS 

pheno type- based  c lass if icat ion.  
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•  To deta i l  the iden tif ied  immunolog ical  charac ter is t ics  o f  CRS  

pat ien ts  us ing the clus ter ing method,  and  rela te  those w ith  cl in ica l  

fea tures ,  to  fu l ly  character is e CRS clus ter s .  

•  To explore  the us e o f  macrol ides  in  cel l  cul tur e and  i ts  act ion  on  the 

immune sys tem.  

•  To d iscuss  th is  work  in  the  context  of  the l i ter atur e,  the s treng ths  

and l imi ta t ions  of  th is  thes is ,  fu ture  d i rec t ions  for  research and 

conc luding r emarks .   
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II –  MEDICAL COMPLIANCE  

 

2 .1  Int roduc tion  

Accord ing to  the Wor ld  Hea lth  Organis at ion (WHO),  compl iance  

is  def ined  as  the exten t  to  which a person’s  behaviou r  cor responds  

to  agreed recommenda tions  f rom a heal th  car e pract i t ione r  (90) .  

Medicat ion compliance can be def ined as  compliance  to  a  pr escr ibed  

treatmen t  or  f ol lowing the ins truc t ions  given by a hea l th  car e 

prac t i t ioner ,  in  accordance with  t he presc r ibed interva l ,  dosage,  and 

f requency (91– 93) .  Compl iance wi th  medical  t r ea tment  is  a  very  

impor tan t  is sue in  medical  car e s ince  fai lu re to  comply with  

recommended treatmen ts  r esul ts  in  a  cons iderable bu rden  to  hea l th  

care  sys tems and hea l th  pr ac t ices ,  as  we ll  as  poor  medica l  ou tcomes  

(91,94) .  Therefore,  compliance  is  a  key f actor  in  the ef fec t iveness  

of  med ica l  therap ies ,  bu t  i t  is  par t icu lar ly  cr i t ical  in  the t rea tmen t  

of  chron ic  cond it ions  (93,95) .   

 CRS is  characte r ised by a chron ic inf l ammation of  the nose and 

the paranasa l  s inuses  tha t  pe rs is ts  for  more than 12 weeks  without  

resolu t ion (23) .  I t  is  a  common heal th  prob lem aff ec t ing 

approx imately  11% of  the populat ion (32)  with  s ignif icant  morbid i ty  

and comorbid i ty ,  med ical  cos ts  and  an  impac t  on  genera l  hea l th  

(23,25,26,96) .  In  the  UK, i t  af fects  about  10% of  the populat ion,  

who then seek tr ea tment  f rom their  GPs .  They at tend an average of  

four  appo intmen ts  per  yea r  and  ar e pr escr ibed  a  va r i ety  of  d if f erent  

drugs .  Current  gu ide l ines  recommend ESS as  the next  s t ep for  those  

who fai l  med ical  managemen t a lone ;  however ,  many pat ien ts  

exper ience r evis ion surgery af te r  a  pe r iod  of  t ime (97) .  As  a  resul t ,  

CRS is  assoc ia ted  with  a  subs tan ti al  incr ementa l  increase in  heal th  

care  u t i l i sa t ion and expendi tur es  of  approximately  US$8.6  bi l l ion  

due to  incr eases  in  off i ce - based cos ts  and  prescr ip t i on  expend itur es  

each year .  Due  to  the pr evalence and expense  of  CRS ,  cont inued 

effor ts  shou ld be d irected a t  determin ing cos t -e ffect ive s tr at egies  

for  d iagnos is  and the rapy (98) .  



   

 

 53 

Unfor tunately ,  the compl iance  to  t r ea tmen t  r egimens  in  CRS 

remains  pers is ten t ly  low (93) .  In  deve loped coun tr i es ,  compliance  to  

other  chronic i l lness  reg imens  is  low ,  being around 50% 

(90,92,99,100) .  An under lying assumption in  most  s tudies  is  that  

non-compl iance  is  assoc ia ted  with  poorer  cl in ic a l  outcomes  

(93,101) .  To improve pat ien t  compliance ,  i t  is  important  to  eva lua t e  

any factors  that  may l ead to  non -compl iance  (99 ) .  

The aim of  th is  chapter  is  to  eva lua te compl iance  w ith  and the 

effect iveness  of  p rescr ibed tr ea tment  in  pat ien ts  wi th  CRS before 

and af t er  ESS.  The secondary s tudy ob jec t ive is  to  iden tify  the 

demograph ic  and cl in ica l  f ac tors  assoc ia ted wi th  pat ien t  compl iance  

to  CRS med icat ion.  

 

2 .2  Methods  

2 .2 .1  Popu la t ion  

This  s tudy populat ion cons is t ed o f  adu lt  pat i en ts  meet ing the  CRS 

diagnos t i c  c r i ter ia  ou tl ined in  the European  Pos i t ion P aper  on 

Rhinos inus i t is  and Nas al  Polyps  2012 def ini t ion  ( as  was  rel evan t  at  

the t ime of  recrui tment )  (23)  and who had been  selec ted to  undergo  

ESS surgery.  Two d if f eren t  da tabases  were used for  th is  ana lys is ;  

retrospec t ively  r ecru i t ed pa t i ent s  gave  informat ion abou t  pos t -

opera t ive compliance and the prospec tive cohort  al lowed the  

resear cher  to  inves t igate the  pr e -opera t ive compliance to  med ical  

t reatmen t .   

The f irs t  popula t ion included pat ien ts  retrospec t ively  r ecrui ted  

who at tended the  James  Paget  Un ive rs i t y  Hospit al  (JPUH) between  

2012 and 2016  to  undergo ESS and had  consented to  dona tion of  

nasal /s inus  t is sue dur ing the p rocedure .  All  o ther  cas es  undergoing 

ESS dur ing th is  per iod  were exc luded.  Unfor tuna te ly ,  f rom the 

or iginal  t is sue donors ,  two had  died in  the mean time.  A sample  of  

108 ou t  of  a  to tal  of  172 peop le agreed  to  par t i cipate and r etu rned  

the  ques t ionna ire.  After  car efu l  examinat ion of  the d iagnos is  for  the 

inc luded  par t ic ipan ts ,  one  was  w ithd rawn  due to  a  diagnos is  of  r igh t  
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ethmoid fungus  ba l l  (myce toma) .  Therefo re,  a  to ta l  of  107 pa t i en ts  

was  ana lysed .  

For  the second popu la t ion,  pa t ients  were recrui ted for  a  

b iomarkers  s tudy prospect ive ly  be tween  2016  and 2018 .  After  a  

care ful  analys is  of  their  medica l  r ecords ,  6  pa t i ents  w ere  wi thdrawn  

from the ana lys is .  A total  of  76  pa t i ents  was  f inal ly  included.  Bo th 

populat ions’  r ecru i tmen ts  ar e shown in  Figure 12.  

 

 

Figure  12:  Recru itment of  pat ien t s  for both  popu lat ions .  F lowchar t 

demonstrat ing  the  recru itment  of  pat ien t s  to  both  retrospec t ive  and 

prospec t ive  popu lat ions .  
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2 .2 .2  Da ta extr ac t ion  

Data w ere ext rac ted f rom the hosp it al  e l ect ronic medica l  r ecord  

sys tem and  en ter ed in to  a  s tandard ised co ll ec t ion form.  Al l  

outpa t i ent  c l in ic  v is i t  no tes  were r eviewed.  All  pa t ients  were asked  

the s ame  25 ques t ions  r egard ing the ir  demographic character is t i cs  

(age,  gender ,  e thnici ty) ,  smok ing and al le rgy s tatus ,  f amily  and CRS 

his tory ,  comorb idi t i es ,  and the type of  t reatmen t  they w ere  

prescr ibed  with ,  including  their  per ceptions  of  t r ea tment  and  

compliance .  This  ques t ionna ire w as  s tudy spec if i c  and des ign to  

col lec t  var i ables .  Any miss ing data f rom the ques t ionna ire w ere  

f i l led  in ,  in  accordance with  the pat ien ts ’  med ica l  no tes .  I f  t reatmen t  

informat ion  was  no t  ava i lable,  t reatmen t  was  def ined  as  not  taken o r  

not  us eful .  In  o rder  to  ful ly  descr ibe  th i s  populat ion,  cl in ica l  data 

cons is t ing  of  pre -operat ive  Lund-Mackay CT s cores ,  SNOT-22  

(S ino-Nasa l  Outcome Tes t ,  pre -  and  pos t -surge ry)  were a lso  

col lec ted f rom pa ti ents ’  medica l  records  when avai lab le.   

The s tudy  popu la t ion  was  d ivided in to  thr ee dif f eren t  g roups  

according to  their  compl iance  w ith  the pres cr ibed med icat ion:  

adherents  (A) ,  no n- intent ional ly  non -adheren ts  (NINA) and  

intent iona lly  non - adheren ts  ( INA).   

The  NINA group inc luded par t ic ipants  who d id  n ot  comply w ith  

the  pres cr ibed treatmen t  ( t ime  or  dosage) ,  whi le  par t i cipants  who 

admit ted to  s topp ing med ical  ther apy de l ibera te ly  we re in tegrated 

in to  the INA group.  

 

2 .2 .3  S tat is t i ca l  ana lys is  

S tat is t ica l  analys es  were per formed us ing RStud io (vers ion 

1 .1 .383,  RStudio ,  Inc. ) .  For  cont inuous  var i ables ,  the r esul ts  were  

expressed as  means  and s tandard deviat ion,  or  in  box plo ts .  Data 

d is tr ibut ion was  tes ted for  normali ty  us ing the  Shap iro-Wilk t es t .  

For  dicho tomous  va r i ables ,  f r equenc ies  and  percen tages  w ere  

calculated.  In  univar i at e  analys es ,  ca tegor ical  ana lyses  were 

compared  be tween adherent s  and  non- adheren ts  us ing the  Chi -
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squared tes t .  The d is tr ibu tion  of  demographic and cl in ica l  va r i ables  

was  examined be tween  the d if f eren t  adheren t  groups .  Regress ion  

ana lys is  exp lored the  poss ib le  r el at ionship  betw een  age,  t ime 

suffer ing f rom CRS symptoms,  Lund -M ackay pre-operat ive CT scan,  

and SNOT- 22 (pre-  and pos t -opera t ive)  s core.  A p -va lue  l ess  than  

0 .05 was  cons idered  s ta t is t i cal ly  s igni f icant .  

 

2 .3  Resu lts  

2.3.1  Pa t i ents ’  cha rac te r is t ics  

There were 174 pa t i en ts  who underw ent  ESS between 2012 and  

2016 and consented to  dona te s inonas al  t is sue to  the t is sue bank.  

Only 108 ou t  o f  172  par t ic ipan ts  (62.7%)  r eturned the ques t ionna ir e.  

A total  o f  107  pa t i ents  w ere inc luded in  th is  s tudy (F igure 12) .  Of  

these ,  61% were ma le w ith  a  mean  age o f  61 years  o ld ,  and  79%  had  

another  chron ic d isease.   

The second cohor t  cons is ted of  76 pa t i en t s ,  with  a  mean age of  53 

years  o ld .  For ty -f ive w ere ma le and 40  presen ted some type of  

comorbid i ty .  

The charac ter is t ics  of  both  popu la t ions  ar e shown in  Table 7 .



   

 

   

 

Table  7 :  Demograph ic  and  c l in ica l  charac ter is t ic s .  P -va lue  re f lec t s  the  assoc iat ion  between  var iab le s  and  se l f -

repor ted  compliance .  

 

P r o s p e c t i v e  

p o p u l a t i o n  

( n = 7 6 )  

p - v a l u e  

R e t r o s p e c t i v e  

p o p u l a t i o n  

( n = 1 0 7 )  

p - v a l u e  
T o t a l  

( n = 1 8 3 )  
p - v a l u e  

A g e  ( m e a n ± S D )  5 3 . 2 5 ± 1 4 . 7 0  0 . 4 4  6 1 . 0 7 ± 9 . 9 9  0 . 2 6  5 7 . 8 2 ± 1 2 . 7 3  0 . 3 7  

M a l e / F e m a l e  4 5 / 3 1  0 . 0 4 *  6 5 / 4 2  0 . 6 7  1 1 0 / 7 3  0 . 1 2  

E t h n i c i t y   0 . 6 5   0 . 1 7   0 . 6 4  

    W h i t e  B r i t i s h  7 0   1 0 0   1 7 0   

    W h i t e  I r i s h  0   2   2   

    A f r i c a n  1   0   1   

    W h i t e  a n d  B l a c k  A f r i c a n  0   1   1   

    I n d i a n  1   0   1   

    C a r i b b e a n  0   1   1   

    A n y  o t h e r  E t h n i c  G r o u p  1   0   1   

    A n y  o t h e r  A s i a n  b a c k g r o u n d  1   0   1   

    O t h e r  2   2   4   

    D o  n o t  w i s h  t o  d i s c l o s e  0   1   1   

T i m e  s u f f e r i n g  f r o m  C R S ,  y e a r s  

( m e a n ± S D )  
2 3 . 2 5 ± 1 8 . 5 1  3 . 6 1 e - 5 *  2 5 . 3 9 ± 1 3 . 4 8  0 . 3 9  2 4 . 5 0 ± 1 5 . 7 5  1 . 2 0 e - 1 2 *  
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Table  7 :  Demograph ic  and  c l in ica l  charac ter is t ic s .  P -va lue  re f lec t s  the  assoc iat ion  between  var iab le s  and  se l f -

repor ted  compliance  ( cont ) .  

 

P r o s p e c t i v e  

p o p u l a t i o n  

( n = 7 6 )  

p - v a l u e  

R e t r o s p e c t i v e  

p o p u l a t i o n  

( n = 1 0 7 )  

p - v a l u e  
T o t a l  

( n = 1 8 3 )  
p - v a l u e  

F a m i l y  h i s t o r y  ( % )  2 1 . 1  2 . 6 5 e - 1 5 *  2 9  0 . 0 3 *  2 5 . 7  < 2 . 2 e - 1 6 *  

S m o k i n g  ( % )  6 . 6  0 . 2 3  3 . 7  0 . 1 2  4 . 9  0 . 1 6  

N a s a l  a l l e r g y  ( % )  3 9 . 5  0 . 0 0 2 *  6 0 . 8  0 . 6 8  5 1 . 9  1 . 9 2 e - 8 *  

N S A I D s  ( I n c .  p o s s i b l e ,  % )  6 . 6  6 . 5 2 e - 5 *  1 6  0 . 3 8  1 2  4 . 3 3 e - 1 1 *  

C o m o r b i d i t i e s  ( % )  5 2 . 6  7 . 6 1 e - 7 *  7 8 . 5  0 . 0 9  6 7 . 8  2 . 5 8 e - 1 6 *  

U n d e r  t r e a t m e n t  ( w h e n  a n s w e r i n g )  6 6   1 0 7   1 7 3   

L u n d - M a c k a y  S c o r e  1 6 . 3 4 ± 6 . 6 9  0 . 2 0  1 7 . 9 6 ± 5 . 9 1  0 . 2 9  1 7 . 3 8 ± 6 . 2 2  0 . 1 1  

S N O T - 2 2  p r e - o p e r a t i v e  5 5 . 1 6 ± 2 0 . 3 5  0 . 8 1  4 6 . 3 0 ± 2 4 . 7 2  0 . 5 7  4 9 . 5 3 ± 2 3 . 5 4  1 . 0 0  

S N O T - 2 2  p o s t - o p e r a t i v e  2 3 . 7 3 ± 1 6 . 9 3  0 . 1 2  1 6 . 2 3 ± 1 4 . 3 4  0 . 6 5  1 8 . 0 2 ± 1 5 . 2 7  1 . 2 0 e - 7 *  

*  p < 0 . 0 5  

V a r i a b l e s  a r e  p r e s e n t e d  a s  e i t h e r  c o u n t  d a t a  o r  m e a n s  a n d  s t a n d a r d s  d e v i a t i o n s .



   

 

   

 

2 .3 .2  Prevalence of  medicat ion compl iance  

Ful l  compl iance  to  thei r  drug r egimen  was  repo r ted by  68  pa t i ents  

(37%).  Non- compliance  to  their  phys ic ian’s  recommenda tions  was  

descr ibed by 115  par t i cipants  (63%).  The reasons  for  non -

compliance  included par t ic ipants  who did  no t  comply with  the  

prescr ibed treatment  ( t ime or  dosage)  (NINA, n=43)  and par t i cipants  

who admit ted  to  s topp ing med ical  ther apy  del iber ately  ( INA, n=63) .  

In ten tiona l  non -compliance was  associa ted wi th  at  l eas t  one  of  the  

fol low ing reasons :  improvement of  symptoms,  symptoms worsened  

despi te  med icat ion or  s ide  eff ec ts  exper ienced dur ing usage.   

The most  common reason among thes e par t i cipan ts  to  s top  

med ica t ion was  improvement of  symptoms,  fol lowed by s ide effects  

and de ter ior at ion of  symptoms ; F igure 13  shows their  d is tr ibut ions  

per  popu la t ion ,  r etrospec t ive and p rospect ive  r ecrui ted pa t i en ts  

(Figures  13A and 13B,  respec t ively ) ,  and within  the  to ta l  popu la t ion  

(Figure  13C).  

The  resu l ts  shown in  Figure  14  re la te  to  the type  of  pres cr ibed  

med ica t ion.  S tero id  nasa l  spr ay and s inus  r inse  showed  a  mixed  

response  with  ha lf  of  the  pa t i ent  t aking  i t  and  f ind ing i t  he lpfu l ,  and  

the  other  ha lf  not .  Ant ibio t i cs  w ere  des cr ibed as  the  l eas t  helpful  of  

al l  t r ea tments ,  be ing  a lso  one of  the  mos t  widely  pres cr ibed  

treatmen ts .  
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Figure  13 :  D is t r ibut ion  of  compli ance  with  phys ic ian ’ s  

recommendat ions .  The  ba r  shows the  r ea sons  to  in ten t i ona l ly  no t  co mply  

wi th  r ecommenda t io ns  and  the i r  cor r e spon dent  pe rcen tages .  Each  p ie  

cha r t  shows the  r e su l t s  cor r e spondent  to  each  popula t ion :  A ,  popula t ion  

r e t rospec t ive ly  r ec ru i ted ;  B,  p opula t ion  prospec t ive ly  r ec ru i te d  

popula t i on ;  C,  r e su l t s  fo r  the  t o ta l  pa t ien ts  r ec ru i ted .  Miss ing  da ta  was  

no t  inc l uded .  
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B.  

C.  

Figure  14:  Pat ien t ’ s  percep t ion  of  CRS med icat ion .  Represen ta t io n  of  

the  pe rcen tage  of  use  and  pa t ien ts ’  pe rcep t ion  of  u se fu lness  o f  the  

d i f f e r en t  p re sc r ibed  t r ea tments  fo r  CRS :  A -  to ta l  num ber  o f  pa t ien ts  

inc luded  in  th is  ana lys is ;  B -  p ro spec t ive  r ec ru i ted  popu la t ion  r e f lec t ing  
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pre -ope ra t ive  compl iance ;  C -  r e t rospec t ive  r ec ru i t ed  popula t io n  

r e f lec t ing  pos t -ope ra t ive  comp l iance .  

 

2 .3 .3  Assoc ia t ion  be tween compliance  and cl in ica l  h is tory  or  

predicto rs  of  compliance  

The associat ions  be tween the  demograph ic and cl in ica l  

charac ter is t i cs  of  the responders  and non -compliance  are shown  in  

Tab le 6 .  When analys ing the en t ir e  popula t ion of  th is  s tudy ,  several  

fac tors  ar e shown to  have an assoc iat ion with  overa l l  med ical  

compliance.  Thes e inc luded t ime  suffer ing f rom the  dis ease ,  the  

presence  of  nasa l  al lergy ,  NSAIDs or  othe r  comorb idi t i es ,  and pos t -

opera t ive SNOT -22.  Analys is  across  the d if f eren t  g roups  

demons tra ted  that  the durat ion of  suffe r ing f rom CRS symptoms was  

approx imately  the s ame  in  a l l  t hree groups .  Fur thermore,  age,  pre -

opera t ive Lund -Mackay scores  and pre -  and pos t -opera t ive SN OT-

22 scores  had a non -s ign if i can t  d is tr ibu tion betw een groups  (Table  

8) .  Acco rding  to  thes e resu l ts ,  INA pat ien ts  presented a lower  Lund -

Mackay s cores ,  h igher  QOL sco res  bo th  pre -  and pos t -surgery ,  and  

they  had  suff ered  f rom CRS  for  longer .  In  contr as t ,  p a t i ents  in  group  

A had a higher  age ,  shor ter  d is ease  durat ion ,  lower  pr e-opera t ive  

SNOT-22,  a  mean LM score o f  17 and a pos t -operat ive SNOT-22 of  

18 poin ts .  
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Table  8 :  Dis tr ibut ion  of  con t inuous  var iab le s  across  compliance  

groups  in  the  whole  popu lat ion .  The  re su l ts  correspond  to  mean±SD.  

 A  NINA INA p -value  

Age  58 .05±14 . 59  56 .91±11 . 31  57 .62±11 . 66  0 .899  

LM 17 .42±6.4 0  18 .97±4.7 2  16 .18±6.8 9  0 .113  

SNOT-22  pre -

op  
44 .60±23 . 39  51 .69±25 . 57  51 .68±22 . 42  0 .242  

SNOT-22  

post -op 
18 .41±12 . 24  12 .71±11 . 72  20 .20±18 . 10  0 .07  

Time  

su f fer ing  f rom 

CRS  (months)  

24 .54±16 . 46  25 .72±14 . 93  26 .98±14 . 04  0 .658  

A  –  a dhe re n t ;  IN A  –  i n t e n t iona l ly  non -a dhe re n t s ;  N IN A  –  non - in t e n t iona l ly  

non -a dhe re n t s ;  SN O T - 22  p re op  –  p re -o pe ra t i v e  SN O T -22  s c o re ;  SN O T -22  

pos top  –  po s t -ope ra t ive  S N O T -22  s c o re .  

 

Overal l ,  t he SNOT-22 score improved  in  al l  groups  and no  

corre la t ion was  found  be tween  the SNOT - 22 scores  before and af ter  

ESS in  any of  the  groups ,  sugges t ing  that  pre - operat ive  SNOT-22  

did  no t  pr edict  the pos t -opera t ive SN OT-22 sco re (F igure 15) .  

Fur ther  exp lorat ion of  the SNOT -22 scores  ac ross  the three groups  

af t er  ESS r evealed the  fo l low ing f ind ings .  Pat ien ts  f rom group  A  

were a l l  d ischarged by the 7th  v is i t ,  whil e  the NINA and INA groups  

cont inued to  be seen in  the ou tpa t i ent  cl in ic  for  long er  per iods  (at  

leas t  unt i l  the 11 t h  v is i t ) .  The plots  of  the pos t-opera t ive SNOT-22  

scores  by group over  t ime are pr esen ted in  Figure 1 6.  Overa l l ,  NINA 

pat ien ts  showed  a lower  mean  SNOT -22 tha t  s low ly incr eas ed one  

year  af ter  surgery,  whi le  group A  showed  a  s table  pos t -ESS  SNOT-

22 mean over  t ime.  Las t ly ,  INA pa ti en ts  exper ienced the wors t  

deter ior at ion  of  symptom s cores  af ter  ESS .  Although  the mean sco re  

for  INA pati ents  was  lower  than tha t  for  A pat i ents  a t  3  months  pos t -

op,  th is  de ter iora ted to  be the h ig hes t  mean SNOT-22 score of  the 3  

groups  a t  12 mon ths .  
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A.  

B.  



   

 

 66 

C.  

Figure  15:  Assoc iat ions  be tween  pre -operat ive  and  post -operat ive 

SNOT-22 .  Cor re la t ion s  be tween  pre -  and  po s t -ope ra t ive  SNOT -22  among  

adhe ren t  and  non -adhe ren t  pa t ien ts  ( INA and  NINA groups)  to  p re sc r ibed  

medica t ion  a f te r  ESS .  A - to ta l ;  B-pr ospec t ive ;  C - re t rospec t ive  

popula t i on .  
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Figure  16:  Ev olu t ion  of  SNO T-22  scores .  Change  in  SNOT-22 ,  ac ross  

the  d i f f e r en t  g roup  of  pa t ien ts ,  fo l l owing  ESS .  Only  SNOT -22  score s 

f rom re t rospec t ive  r ec ru i ted  pa t ien ts  a r e  p re s en ted .  A -  Adhe ren t  pa t ien ts ,  

NINA –  Non- in ten t iona l ly  non -adhe ren t  pa t ien ts ,  INA –  I n ten t i ona l ly  

non-adhe ren t  pa t ien ts ,  m -  mo nths .  

 

2 .4  Discuss ion  

Compl iance  to  medica l  t r ea tment  pos t -opera t ive ly  is  a  key 

componen t  o f  CRS  pa ti en t  management fol lowing  ESS.  The  

percentage of  low compl iance  to  t reatment  was  h igh in  the s tudy  

par t ic ipan ts  ( 65%).  Therefore,  pos t -surgical  compliance  in  pat ien ts  

with  CRS needs  to  be improved ;  how ever ,  the key to  do ing this  is  to  

unders t and and address  any factors  tha t  d r ive th is  poor  compliance .  

These  f indings  ar e in  keep ing  with  r epo r ts  f rom o the r  s tudies  on  

as thma,  COPD and  other  chronic r espir a tory i l lness es  (102 –105) .  
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However ,  ther e is  l i t t le  evidence for  compl iance  in  pos t -opera t ive  

CRS pat ients  (28 ,106–111) .   

Fur thermore,  in  th is  s tudy,  many factors  were foun d to  have a  

s tat is t ica l ly  s ignif icant  assoc ia t ion  wi th  compl iance  to  pre- operat ive  

compliance.  On  the  other  hand ,  on ly  fami ly  h is tory  was  found to  be  

associated wi th  pos t -opera t ive compliance.  I t  seems tha t  o lder  

people are  more  adherent  to  pr escr ibed  medi cal  therapy,  perhaps  due  

to  other  age- re lat ed comorbid i t ies  or  d is ease compl icat ions  (112) ,  or  

s imply due to  matur i ty .  T herefore,  dur ing pa t i ent  couns el l ing ,  an  

emphas is  should  be  p laced  on  the r isk s  of  poor  compl iance  to  

med ica t ion in  a l l  age groups .  S ince no o ther  demograph ic o r  c l in ical  

fac tor  could be associa ted with  poor  compl iance ,  f ur ther  s tudies  

need to  be conducted  to  examine  a  wider  r ange  of  f ac tors  and  

iden tify  those tha t  may inf luence compliance  to  pos t -ESS medica l  

ther apy,  such as  socioeconomic s ta tus  and  educat ion levels .  

In  th is  s tudy ,  bet ter  QOL ou tcomes  a f te r  ESS were achieved wi th  

adherent  o r  non - intent iona lly  non- adherent  behaviour .  Th is  may be  

at t r ibu tab le to  high levels  of  sa t is f ac t ion  with  medical  ther apy and  

subsequen tly  a  s trong mot iva t ion towards  tr eatment .  However ,  a  

poorer  ou tcome  such  as  de ter ior at ing symptoms  or  the occu rrence  of  

s ide  eff ec ts  could  r esul t  in  pa t i ents  exper ienc ing a  lower  sa t is f ac t ion  

level ,  wh ich  may l ead them to  in tent iona l ly  s top  tr ea tment .  

The main r eason uncovered by th is  s tudy for  in tent ional  non -

compliance  w as  symptom improvemen t.  Th is  th erefo re  emphas ises  

the  need to  couns el  CRS pat ients  abou t  the  chronici ty  o f  the ir  

d iseas e and to  make them r ea l i se tha t  even if  symptoms improve af t er  

surgery,  non- compl iance wi th  t r eatment  may l ead to  recurrence of  

symptoms l at er  wi th  an assoc ia ted r educt ion in  hea l th  rel at ed  QOL.  

These  f ind ings  also  high light  the  poten ti al  addi t iona l  heal th  cos ts  

and resources  needed w ith in  th is  populat ion when  compl iance  is  

poor ,  thus  red irect ing  in terventions  to  comba t  th is  is sue  should be  

cons idered .  
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The  sel f - repor ted ques t ionnair e  w as  s imp le and economica l  to  use .  

This  was  a  s tudy spec if i c  ques t ionna ire des igned to  co l l ec t  

var i ables ,  and not  va l idated  pres ent ly .  However ,  i t  included  

val ida ted qual i ty  o f  l i fe /PROMs,  e .g . ,  SN OT -22.  A l imi ta t ion of  th is  

method is  tha t  i t  may have  e l i ci ted  only  social ly  accep tab le  

responses  (observed  in  5% of  the r esponders )  and ul t imately ,  i t  may  

have overes t ima ted compliance  l evels .  Another  l imi ta t ion of  our  

s tudy is  that  the  l eve l s  of  educa tion  or  self -med icat ion w ere not  

assessed,  and th is  has  been show n to  have an inf luence on  

compliance  to  pres cr ibed med icat ion (112) .  Moreover ,  insuff ic ien t  

t ime has  elapsed for  us  to  be able to  a lso  assess  the pr e -  and pos t -

opera t ive compliance in  the same cohor t .  

 

Key po ints :  

•  Severa l  f ac tors  were found to  pred ic t  pr e -opera t ive compliance 

in  th is  s tudy cohort ;  

•  Only fami ly  h is tory  was  found to  be  rel at ed wi th  pos t -

opera t ive compliance.  
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III  –  LITERATURE REVIEW  

 

3 .1  Int roduc tion  

Previous  chap te r  exp lored a l l  ava i l able  tools  val ida ted and o f  

grea t  va lue in  mon ito r ing CRS pat ients ;  however ,  they lack  

predict ive value as  they ar e most ly  r etros pec t ive and do not  exp la in  

how a  pa t i ent  wi l l  evolve o r  wh ich  tr ea tment  wil l  be  more  eff ec t ive  

in  each pa r t icu lar  case.  Thus ,  the re is  a  lack of  ind icators  for  

pat ien ts ’  subgroup a l loca t ion.  

Severa l  r epor ts  have sugges ted tha t  some pa rameters  such as  

eos inophils  and  neutrophi ls  counts  and  cer tain  cytok ines ,  such  as  IL-

5 or  IL-13,  may def ine pat ients ’  pheno type and pred ic t  d isease  

act iv i ty  and  ou tcome .  Therefore,  thes e a re cons idered as  po ten ti al  

b iomarkers  for  CRS  diagnos is  and tr eatment  effect iveness .  How ever ,  

not  al l  pa t i ents  wi th  s ign if i can t  levels  of  th ese mo lecules  wil l  

respond equa l ly  to  t reatmen t ,  which sugges t s  that  o the r  mechan isms  

may be involved  support ing the  need for  novel  b iomarkers  (113) .  

Accord ing to  the B iomarkers  D ef in i t ions  Work ing  Group,  a  

b iomarker  is  def ined as  a  character is t ic  tha t  can  be  ob jec t ively  

measu red and evaluated as  an indicator  of  normal or  pathogen ic  

biological  p rocesses ,  or  pharmaco logic r esponses  to  a  the rapeut ic  

in terven tion  (79) .  S everal  ar t ic les  have re i ter ated that  the d iscovery,  

val ida t ion  and imp lemen ta t ion of  r el iab le  biomarkers  may lead to  a  

persona li s ed app roach and treatment  and would be o f  great  help  

when assess ing  pat ien ts  with  CRS and def in ing tr ea tment  course s  

(21,114) .  

For  th is  reason,  there has  been a boom in  publi ca t ions  abou t  CRS.  

However ,  these publ icat ions  explo re s mal l  numbers  of  pat ien ts  or  a  

s ingle feature and  there  is  no  consensus  about  th is  ev idence  and  i ts  

rel at ionship  wi th  CRS.  Therefore,  th i s  chapte r  performed  an  

exhaus t ive summary of  the l i t era tur e on th is  topic  under  t he  

fol low ing res ear ch ques t ion :  “Which parameters  could be poss ible  

biomarkers  for  CRS dif fer ent ia l  d iagnos is ,  act iv i ty ,  pat ien t  subgroup  
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al loca t ion and response to  t rea tment?” .  This  review w i l l  a l low the  

resear cher  to  ident ify  poss ible b iomarkers  to  be us ed fur ther  on.  

 

3 .2  Methods  

3 .2 .1  Extens ive l i t era ture  sear ch  

A l i t era tur e sea rch w as  conducted to  exp lore the  la tes t  ev idence 

for  CRS endotypes  and r elevan t  b iomarker s  that  could  be used in  th is  

s tudy.  Th is  search aimed to  assess  wh ich parameters  could be  

poss ible biomarkers  for  CRS dif f eren ti al  d iagnos is ,  act iv i ty ,  pat ien t  

subgroup a l loca t ion and respons e to  t r ea tmen t .  We iden tif ied those  

with  suf f i cient  ev idence  to  suppor t  inc lus ion  in  th is  s tudy and  

der ived  f rom the  pa thob iologica l  mechan isms explained  ear l ier  in  

th is  repor t .  As  exp la ined before,  the  two  phenotypes  of  CRS  have  

dis t inc t  immunolog ical  mechan isms :  the vas t  major i ty  of  CRSsNP 

pat ien ts  show a T H1-skewed inf l ammatory response ,  whereas  in  the  

CRSwNP group i t  is  a  T H2- type in f lammation.  Also,  th ese  

mechan isms can  vary  be tween ethn ic i t ies  or  countr ies .  In  th is  s tudy,  

b iomarkers  were  selec ted tak ing  these mechan isms into  accoun t .  

 

3 .2 .2  Sys temat ic  r eview  

3.2 .2 .1  Da ta Sour ces ,  Search  Stra tegy,  and Selec t ion Cr i ter ia  

This  review was  conducted and r ep o r ted according to  the  

PROSPERO guidel ines .  We sys tematical ly  sear ched three el ec tron ic  

databases  (PubMed,  Web o f  Knowledge ,  and Goog le Scholar )  for  

s tudies  published be tween 2006 and 2018 .  The res ear ch ques t ion tha t  

th is  rev iew was  look ing to  answer  was :  “ Which paramete rs  could be  

poss ible biomarkers  for  CRS dif f eren ti al  d iagnos is ,  act iv i ty ,  pat ien t  

subgroup a l loca t ion and  respons e to  t r eatmen t?” .  Therefore,  the  

search  included  the fo l low ing terms:  ‘dura t ion’ ,  ‘ pred ic t ion ’ ,  

‘b iomark er’ ,  ‘d iagnos is ’ ,  ‘ t reatmen t’ ,  ‘ ac t iv i ty’ ,  ‘ to tal  IgE’ ,  ‘ IL -5’ ,  

and ‘eos inoph il ic  count’  in  combina tion wi th  ‘ chron ic  

rhinos inus i t is ’  in  ind ividual  s ear ches .  The thr ee molecu lar  terms  

(“to ta l  IgE”,  “  IL -5”  and  “ eos inophi l i c  count” )  were chosen due to  
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the fac t  tha t  several  s tudies  have  conf irmed the ir  ac t ion in  CRS  

pathophys io logy  (21,23,25,115) .   

Pr ior  to  any  search,  a  s ear ch on Cochrane database  was  pe rformed  

to  ensure the  re levance o f  the p resen t  s tudy.  The s tudy t i t le ,  des ign,  

the par t i cipants ’  pr imary  condi t ion  and  the  procedure  employed w ere  

used to  selec t  the el ig ib le  s tudies .  

Two au thors  independen tly  selec ted  the  s tudies  according to  a  

s tandardis ed method,  and  any  d isagreement w as  r esolved by  

discuss ion with  a  th ird  author .  The s tu dy  inc lus ion cr i ter ia  w ere as  

fol lows :  (1)  Par t i cipan ts :  adu lt  pa t i ents  with  CRS  pr imar i ly ;  (2)  

Outcomes:  the  s tudy r epor ted the measuremen t of  b iomarkers  

through ELISA or  Luminex;  (3)  S tudy des ign:  the s tudy had to  be a  

cl in ical  s tudy or  t r ia l  measur ing  s ome biomarker s  in  human  

specimens .  S tudies  des igned  as  in -v i tr o  or  in -v ivo  des igns  were  

exc luded ;  (4)  Only s tudies  in  Engl ish  and published be tween January  

2006 and December  2018 were inc luded .  

 

3 .2 .3  Data ana lys is  

A narr at ive  syn thes is  of  the f ind ings  f ro m the  included  s tud ies  

was  performed.  In  add it ion,  i f  the neces sary da ta  were  avai lab le,  

subgroup analys is  w as  done for  peop le wi th  the pr esence or  abs ence  

of  NP separately ,  or  as  sub-groups  def ined by the b iomarkers .  

 

3 .3  Resu lts  

3 .3 .1  Extens ive l i t era tur e  rev iew  

The l is t  o f  poss ib le b iomarkers ,  ident if i ed  through the p rev ious ly  

s tat ed ques t ion,  cons is t ed  of  16 mandatory  b iomarkers  and 20  

explo ratory ones ,  as  descr ibed  in  Table s  8  and 9 ,  r espec t ively .  

Manda tory b iomarkers  had the ir  act ion wel l  def ined in  t he  

pathophys io log ica l  mechan isms of  CRS ,  as  the ir  s tudy is  

compu lsory.  Exp loratory b iomarkers  were somet imes  contr adicto ry  

in  the ir  act ion on CRS,  or  they were supposed to  exer t  a  role  in  CRS  

due to  thei r  ro le  in  the immune sys tem.  A summary of  the ir  
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corresponden t  ac t ions  in  the  immune  sys tem,  as  w el l  as  in  CRS ,  are  

descr ibed for  each  one .  



   

 

   

 

Table  9 :  Mandatory  b io log ica l  mar kers  and  the ir  major  funct ions  in  CRS.  

Biomarker  Act ion  

Eos inoph i l  count   Eosinoph i ls  p lay  a  ma jor  ro le  in  the  pa thoge nes is  o f  C RS .  (1 -5)  

Neutroph i l  count  
Neutrophi ls  a r e  cons ide red  to  p lay  a  ma jor  ro le  in  t he  pa thogenes is  o f  C RSsNP in  

Caucas ian  pa t ien ts .  ( 3 )  

IL-4  Induc t ion  of  T H 2  d i f f e r en t ia t ion  and  IgE c la s s  swi tch ing .  (6 -8)  

IL-5  
Eosinoph i l - r e la ted  cy tok ine .  Ant i - IL-5  has  b een  proven  to  ame l io ra te  C RS  inf lam mat ion .  

(4 ,7 -9)  

IL-13  
Respons ib le  fo r  the  r ec ru i tmen t ,  a c t iva t ion  a nd  surv iva l  o f  eos ino phi l s  and  mas t  c e l l s .  

( 5 ,9 -12)  

IL-17A  
Induc t ion  of  p ro - in f lammatory  cy tok i nes  and  MMP,  r ec ru i tment  and  ac t i va t ion  of  

neu t rophi l s .  ( 3 ,6 ,8 ,11 -13)  

IL-17E  or  IL-25  
Induc t ion  of  T H 2  r e sponses  and  inh ib i t ion  of  T H 1  and  T H 17  ce l l  r e spon ses .  

(8 ,9 ,12 ,15 ,1 6 )  

IL-32  Induc t ion  of  p ro - in f lammatory  cy tok i nes ;  e le va ted  in  C RSwNP.  (16 , 17 )  

IL-33  Poten t  induce r  o f  T H 2  r e spo nse .  (8 ,9 ,1 2 ,15 ,1 6 ,18)  

Eosinoph i l ic  cat ion ic  

prote in  (ECP)  

A marke r  o f  eos inophi l  a c t iva t i on  known  to  be  inc rea sed  in  na sa l  po ly ps .  (3 ,1 3 ,16 ,18 -
20)  

Myeloperoxidase  (MPO)  Neutrophi l - r e la ted  marke r s .  ( 13 ,19 ,20)  

Immunoglobu l in  E ( IgE)  Inc rea sed  in  C RSwNP.  (10 ,1 2 ,13 ,1 5 ,19 ,20 )  

Staphylococcal  

en terotox in - spec i f ic  IgE 

(SE-IgE)  

Seen  to  inc rea se  a long  wi th  IL -5 ,  E CP and  IgE the  r i sk  o f  comorb id  a s thma .  A lso ,  i t  ha s  

been  demonst r a ted  to  be  cor r e la ted  wi th  seve ra l  a spec ts  o f  d isea se  seve r i ty ,  and  the  

degree  and  type  of  in f lammat ion .  Shown to  b e  a ssoc ia ted  wi th  N P in tense  eos in ophi l ic  

in f lammat ion  and  a s t hma  comorb i d i t y .  ( 13 ,1 6 ,19)  
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Table  9:  Mandatory  b io log ica l  mar kers  and  the ir  major  funct ions  in  CRS  (cont . ) .  

Biomarker  Act ion  

TGF-β1  
Regula t io n  of  the  d i f f e r en t ia t ion  of  seve ra l  Th  ce l l  subse t s  and  i nduc t io n  of  Treg  ce l l s .  

( 12-14 ,19-21)  

IFN-γ  Promot ion  of  T H 1  r e spon se  and  induc t ion  of  ce l l  apoptos is .  ( 3 ,7 ,8 ,10 ,1 1 ,19 -22)  

Thymic  S tromal  

Lymphopoie t in  (TSLP)  

Recent  ev idence  shows tha t  i t  he lps  to  shape  the  loca l  a c t iva t ion  of  T H 2 .  Inc rea sed  

mRNA leve ls  in  na sa l  po lyp s .  (5 ,12 ,23 -25)  

 

Tab le  10:  Exp l oratory  b io log ica l  markers  and  the ir  major  fun c t ions  in  CRS.  

Biomarker  Act ion  

IL-1β  Desc r ibed  a s  inc rea sed  in  neu t rophi l ic  C RS .  (10 ,13 ,20)  

IL-6  
Pro- in f lamma tory  cy tok ine ,  r e spons ib le  fo r  i mmuni ty  r e spon se  caused  by  an  in fec t iou s  

agen t .  (13 ,18 ,21)  

IL-8  Desc r ibed  a s  inc rea sed  in  neu t rophi l ic  C RS .  (13 ,19 ,20)  

IL-9  Acts  on  mucus  produc t i on .  (5 )  

IL-10  
Desc r ibed  a s  augmented  when  pa t ien t s  suf f e r  f rom a l le rg ic  o r  AERD syndromes .  

(3 ,8 ,10 ,14 ,1 8 ,21)  

IL-15  Prevents  neu t roph i ls  and  eos in ophi ls  apop tos is .  ( 14)  

IL-31  
Cor re la ted  wi th  eos inoph i l  leve ls  in  se rum i n  a l le rg ic  a s thma  and  rh in i t i s ,  a l so  ac ts  o n  

mucus  produc t ion .  (9 )  

MMP-7/MMP-9 Remode l l ing  f ac tor  o f  C RSwNP/ sNP.  Inc rea sed  leve ls  in  b o th  p henotypes .  (1 2)  
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Table  10:  Exp l oratory  b io log ica l  markers  and  the ir  major  func t ions  in  CRS  (cont ) .  

Biomarker  Act ion  

RANTES  Desc r ibed  a s  a  poss ib le  b iomarke r  fo r  C RSsNP.  (3 ,12 , 18)  

Eotaxin  
Impor tan t  f ac tor s  in  eos ino phi l ic  na sa l  po lyp s  s ince  i t  r e c ru i t s  and  ac t iva te s  eo s inop hi l s .  

( 12 ,18 ,20)  

G-CSF Inc rea sed  in  na sa l  po lyps .  (12)  

Neopter in  Found in  CRSsNP .  (6 )  

Endothe l in  (ET)  1  Found in  CRSwNP.  (6 )  

MCP-4 In te r f e re s  in  the  r ec ru i tmen t  o f  eos i nophi ls .  ( 12 ,18)  

TNF-  Pro- in f lamma tory  cy tok ine .  (10 ,13 ,20)  

Sig lec8  or  SAF -2  Induces  apop tos i s  o f  eos in ophi ls .  ( 26)  

Per iost in  
Known in  a i rway  eos i nophi l ia  and  i t  i s  de sc r ibed  a s  a  p red ic tor  o f  the  r e spon se  of  

pa t ien ts  to  in ha led  cor t icos te ro i ds  t r ea tment .  (27 ,28)  

Albumin Invo lved  in  media t i ng  nasa l  po lyps’  g rowth .  (13)  

(1 -  A kd i s  e t  a l .  2 013 ;  2 -  Gi tome r  e t  a l .  2016 ;  3 -  K ön ig  e t  a l .  2016 ;  4 -  Za de h  e t  a l .  2002 ;  5 -  B a l  e t  a l .  2016 ;  6 -  T s yb ik ov  e t  a l .  201 6 ;  

7 -  B e rns t e in  2004 ;  8 -  X u  e t  a l .  201 6 ;  9 -  Sha h ,  I s h ina ga ,  a nd  T a ke uc h i  2016 ;  10 -  O r l a n d i  e t  a l .  2016 ;  11 -  J i a o  e t  a l .  2016 ;  12 -  K a to  

2015 ;  13 -  T oma s s e n  e t  a l .  201 6 ;  14 -  J .  H .  K im  e t  a l .  201 6 ;  1 5 -  La m e t  a l .  2 016 ;  16 -  Sc he c ke nba c h  a nd  W a ge nma nn  2016 ;  17 -  K ha w a r ,  

A bba s i ,  a nd  S he ikh  2016 ;  18 -  S t e ve ns  e t  a l .  2 01 5 ;  19 -  X .  W a ng  e t  a l .  2016 ;  20 -  V a n  Ze le  e t  a l .  2 006 ;  21 -  W u ,  W a n g ,  a nd  Zha ng  2016 ;  

22 -  Sá nc he z - Se gu ra ,  B r i e va ,  a nd  R od r ígue z  199 8 ;  23 -  I t o  e t  a l .  2005 ;  2 4 -  K imu ra  e t  a l .  20 11 ;  2 5 -  H e  e t  a l .  2008 ;  26 -  K iw a mot o  e t  a l .  

2012 ;  27 -  Pa ru l e ka r ,  A t i k ,  a nd  H a na n ia  2014 ; 28 -  Pa vo rd  e t  a l .  2017 )  



   

 

   

 

 

3 .3 .2  Sys temat ic  r eview  

We iden tif ied 2446 potent ia l ly  rel evant  s tudy records ,  of  wh ich  

163 were r el evan t  to  ou r  ques t ion (F igu re 17) .  One hundred and  

for ty- three s tud ies  were exc luded for  the fol low ing r easons :  no fu l l  

paper  publ ished or  ava i l able ;  no compar ison betw een d if fer en t  CRS  

groups ;  no measu re w as  per formed through ELISA or  Luminex  

techniques ;  or  no numeric resu l ts  w ere p r esented.   

A tota l  of  20 ar t i cl es  were inc luded in  th is  review al l  of  them 

referr ing  to  CRS as  the  ma in  top ic  and ana lys ing  b iolog ical  

b iomarkers  by ELISA or  Luminex.  The  character is t i cs  of  the  

inc luded  s tud ies  are presented in  Table 1 1.  The 20 inc luded s tud ies  

referr ed to  the ana lys is  of  b lood  (7  s tudies )  and  nas al  products ,  

inc luding nas al  mucosa (14 s tud ies ) ,  s ec ret ions  (1  s tudy)  o r  nas al  

lavage p roduc ts  (2  s tudies ) .  
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                   PRISMA Flow Diagram  

 

 

Figure  17:  PRISMA f low d iagram.  (Redrawn  f rom Moher  e t  a l .  2009)  

 

New diagnos is  and  tr ea tment  developments  in  airw ay d iseas es  a re  

cen tred on very speci f ic  molecules  l inked  to  immuno log ic response  

pathw ays .  When appl ied general ly  withou t  specif ic  d isease  

pheno typin g/genotyping knowledge,  these may be ineff ec t ive.  

However ,  when a speci f ic  pa thway  is  demonstra ted  to  be ac t ive,  they  
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can be qui te  eff icacious .  In  th is  review,  w e analys ed 52 biomarkers ,  

and des cr ibed the ir  express ion pa t t ern .  Table 1 2 gives  a  summary of  

the evidence on  the found biomarkers .  

 

Meta llop rote inases  and th eir  t issue inhibitors  

MMPs play an important  role  in  t is sue remodel l ing assoc ia ted w ith  

var ious  phys io log ical  and patholog ical  p rocesses .  Thes e pro te inas es  

are inhib i t ed by a  spec if i c  t is sue inhib i tor  of  metal lopro te inas es  

(TIMPs) ,  which compr ise a  family  of  fou r  members .  Therefore,  i t  is  

though t  tha t  thei r  funct ion is  l inked together  in  CRS.  Indeed,  our  

search  found a s tudy by Li  et  a l .  (134 )  repor t ing 3  MMPs (MMP -2,  

7  and 9) ,  and four  TIMPs.  MMP -2 was  found to  not  d if f er  be tween  

controls  and CRS pa ti ents ;  however ,  MMP-7 and 9  were increased in  

CRS pat ien ts .  In  i ts  turn ,  TIMPs were a lso  incr eased in  CRS pa ti ents ,  

more  pr ecis ely  in  CRSsNP.  On ly  the concen tra t ion  of  TIMP -3  was  

below the l imits  of  detec t ion,  and po ss ibly  may no t  be expressed in  

th is  ent i ty .  

 

Immunoglobulins  

CRS is  addi t ional ly  cha racte r i sed by incr eases  in  the loca l  

produc tion  of  severa l  immunog lobu lin  iso types ,  espec ial ly  IgA and  

IgE.  The l eve ls  of  s IgA,  IgG,  and IgE were higher  in  the CR S groups  

than in  the hea l thy con trols  ( 68,135 –138) .  Fur thermore general ly ,  

the CRSwNP group were charac te r ised by higher  mean leve ls  of  s IgA 

and tota l  IgE than the  CRSsNP group  (75,135,136,139) .  

 

Interferons  

Due to  thei r  boos t ing funct ion wi thin  the immune sys tem,  more  

prec isely  the T H1 pathw ay,  in te rferons  were though t  to  p lay a  role  

in  CRS.  Our  s tudy found two  desc r ibed types  of  in terferon:  IFN - γ  

and IFN-2.  General ly ,  a  decreased exp ress ion was  found among  

pat ien ts  with  CRSwNP  (67,73,140) ,  and a s l ight  incr ease ( non-

s ignif icant )  was  found  among CRSsNP pati en ts  (64,68,141) .  More,  
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IFN-γ  was  found to  be  decreased in  pat ien t s  with  concomitant  as thma  

(140) ,  sugges t ing tha t  i t  can provide a  protect ive role  for  as thma.  

 

Interleukins  

Among al l  s tudies ,  17  in te r l eukins  and two recep tors  ( IL -17RB 

and s IL-6R) were  des cr ibed.  IL-1ß,  - 5 ,  -6 ,  -8 ,  -21 were increased in  

CRS pa ti ents  compared  wi th  heal thy con trols  

(68,73,75,134,135,139–141) ,  especial ly  in  pa t i ents  with  comorbid  

as thma.  IL-17A and E had some mixed f indings ,  being  increased in  

nasal  sec re t ions  of  CRS pa ti ents  (73)  and also  pr esent ing  no  

dif fer ences  in  serum (142 ) .  There fore,  IL- 17 recep tor  B and soluble  

IL-6 r eceptor  w ere  augmen ted in  CRS pat ien ts  (143,144) .  IL-4,  -10,  

-13 and -33 pr esented con tr adictory f ind ings ,  being bo th  increased  

and dec reased in  CRS pa ti en ts  in  dif fe ren t  s tudies  

(67,68,73,135,140–142,145) .  In  i ts  turn ,  IL-12  was  desc r ibed as  

decreased in  CRS pat ien ts  (73,140) ,  while  IL-9 show ed no  

dif fer ences  among the groups  of  pa t i ents  (140) .  IL-2 was  descr ibed  

as  boos ted in  nasa l  samp les  of  CRS pati en ts ,  but  not  in  serum 

samples  (135) .  IL-23,  however ,  w as  undetectable in  the s inus  samp le  

of  CRS pa ti ents  (144) .  

S ince IL-6 and s IL-6R w ere incr eased in  the s tud ied samples  

(67,135,139,141,144) ,  the authors  inves t iga ted  whether  sgp130,  

which forms  a te rnary  complex  with  IL -6 and i ts  recep tor ,  w as  a lso  

incr eased.  The resu l ts  were not  surpr is ing as  th is  protein  was  also  

incr eased in  CRS pa ti ents  (144) .   

 

Eotaxin  

The express ion of  eotaxin -1 ,  -2  and -3  was  inves t igated across  

four  s tudies .  I n  al l  o f  them,  eo tax in  w as  increased  in  CRS  groups  

when compared wi th  the contro ls  (67,73 ,140) .  These r esul ts  were  

observed  in  a l l  nasa l  speci mens ;  how ever ,  the ir  express ion w as  

s ignif icant ly  incr eased  in  only  one  s tudy  (67) .  
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G-CSF and GM-CSF 

 Granulocy te- colony s t imu la t ing factor  and  granulocyte -

macrophage colony -s t imu la t ing  factor  ar e both  impl icated in  the  

prol i fer at ion and matura t ion of  neu trophils .  Bo th cy tok ines  were  

incr eased in  CRS groups  when compared with  the con trols  (67,73) ,  

demons tra t ing how these molecu les  ac t iva te d if fe ren t  cel ls  and  

enhance their  survival .  

 

Chemokines  

MCP-1/4,  MIP-1 /ß ,  TARC and RANTES are al l  chemokines  with  

dif fer en t  funct ions  w ith in  the  immune sys tem.  MCP -4,  MIP-1  and  

MIP-1ß were increased in  CRS pat ien ts  compared wi th  con tro ls  

(67,73,140) .  TARC and RANTES had con trad ic tory f indings  across  

dif fer en t  s tud ies ,  be ing inc reas ed and decreased in  CRS  groups  

rel at ive ly  to  the  con trol  counterpar ts  (67,73,140) .  MCP- 1 was  

reduced among  the mucosa  of  CRS pat ients  (67) ,  but  inc reased in  

nasal  secr et ions  (73) .   

 

Factors  

SDF-1 /ß ,  SCF,  TGF-ß and TNF-   were  al l  descr ibed in  nasa l  

mucos a.  TN F-  was  found to  be incr eased among CRS groups  

(140,141) .  TGF-ß  was  genera l ly  incr eased among CRS groups  

(64,134,139) ,  espec ia l ly  in  pat ients  tha t  do not  presen t  NP.  On the  

other  hand ,  SCF was  des cr ibed as  dec reased among CRS pa tients  in  

both  nasa l  mucosa  and  l avage  (67 ) .  Las t ly ,  SD F-1  and ß  w ere  

decreased in  nas al  mucosa bu t  increased in  nasal  lavage,  being more  

expressed in  pa t i ents  wi th  NP (67) .  

 

Others  

TH2 regula tor  thymic s tromal lymphopoiet in  (TSLP) was  found to  

be increased  s l ight ly  among  CRS groups ,  especia l ly  in  CRSwNP 

pat ien ts  (140) .  On the othe r  hand,  MPO was  found to  be s ign if i can t ly  

incr eased among CRS pat ien ts ,  especial ly  in  thos e who did  no t  
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presen t  po lyps  (64,139 ) .  Pe r ios t in  was  s ignif icant ly  inc reas ed in  

CRS pati en ts ’  serum  (146 ,147) .  In  addi t ion,  mean Per ios t in  l evels  

were s ignif icant ly  h igher  in  CRS pa tients  with  NP compared to  those  

withou t  po lyps  (147) .  

Epi the l i al -der ived neu troph il - ac t ivat ing pept ide 78 (ENA -78)  is  a  

growth factor  imp lica ted i n  neu troph ils  act iva t ion.  I t  was  found to  

be incr eased  in  pa t i ents  with  CRS compared to  the con trols ,  be ing  

more enlarged in  pat ien ts  who pres ent ed  NP than in  those w ithout  

(140) .  

Eos inophi l  ca t ion ic pro te in  (ECP) is  a  prote in  re leased dur ing  

degranulat ion of  eos inophi ls  and i t  is  rela ted to  inf l ammation.  

Therefore,  i t  is  expected to  be inc reas ed in  pat ien ts  wi th  high l eve ls  

of  eos inophi ls ,  e .g . ,  CRSwNP.  I ts  expres s ion was  des cr ibed across  

al l  types  of  t is sues  in  s ix  s tud ies ,  and in  al l  of  them i ts  levels  w ere  

higher  in  CRS when compared  with  the  con tro ls  

(64,67,68,73,137 ,139) .  

B ce l l - at t ract ing chemok ine 1  (BCA -1)  w as  found to  be incr eas ed 

general ly  in  nasa l  mucosa and lavage in  CRS pati ents .  How ever ,  th is  

s tudy s ta ted  that  th is  b iomarker  w as  no t  he lpful  in  def in ing  s ignatu re  

pat tern  for  the s tudy gro ups  (67) .  

Clar a cel l  10 -kDa protein  (CC10)  is  a  mu lt i func tion pro tein  with  

ant i - inf lammato ry and  immunomodulatory eff ec ts .  I t  was  descr ibed  

as  s ignif icant ly  dec reased  in  the  nas a l  mucosa  of  CRS pat ien ts  when  

compared  wi th  the  controls .  However ,  when looking  a t  i ts  exp ress ion  

in  plasma ,  no d if fer ence in  i ts  express ion l eve ls  was  no ted.  I n  

addi t ion,  CC10  pro te in  l eve ls  were inverse ly  corre la ted  with  

endoscopy scores ,  overal l  and to ta l  VAS symptom scores ,  12 months  

af t er  the surgery in  bo th  CRS groups  (141 ) .  
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Table  11:  Charac ter is t ic s  o f  s tud ie s  inc luded  in  the  analys is .  

Stu dy  (A ut hor  an d  

Y e ar )  
B iom ar ke r  T i s s ue  R e s u l t  

van  Ze le  e t  a l .  20 07  

(136 )  

Ig G ( Ig G1 ,  Ig G2 ,  Ig G3 ,  Ig G4 ) ,  

t o t a l  I gE a n d  S E - IgE  

Se rum a n d  na s a l  

muc os a  

↑ in  C R S g roups  c ompa re d  w i t h  c on t ro l s  i n  na s a l  

muc os a ,  w he re a s  i n  s e ru m no  d i f fe re nc e  w a s  

obs e rve d .  

L iu  e t  a l .  2009  (14 1 )  
T N F-a ,  I L-1B ,  I L -4 ,  IFN -g  a nd  

IL -10  
N a s a l  muc os a  

↑ in  C R Sw N P a n d  C R Ss N P c om pa re d  w i th  

c on t ro l s .  

L i  e t  a l .  2010  (134 )  

M M P-2 ,  M M P -7 ,  M M P -9 ,  T IM P -

1 ,  T IM P-2 ,  T IM P -3 ,  T IM P -4  a nd  

T GF-B 1  

N a s a l  muc os a  

T GF- b1 ,  M M P - 2 ,  T IM P - 1 ,  T IM P -4  inc re a s e d  in  

C R Ss N P,  a nd  M M P -7  a n d  9  i nc re a s e d  in  

C R Sw N P.  T IM P - 2  re ma ins  e qua l  a c r o s s  a l l  

g roups ,  w he re a s  T IM P -3  w a s  no t  de t e c t e d .  

Pe te r s  e t  a l .  2010  (14 4 )  IL -6 ,  I L- 17A  a nd  F ,  a nd  IL -23  
N a s a l  muc os a  

a nd  na s a l  l a va ge  

IL -6  ↑ in  C R Sw N P a nd  C R Ss N P c ompa re d  w i th  

c on t ro l s .  T he  o the r  b ioma r ke rs  w e re  u nde te c t a b l e .  

Se j im a  e t  a l .  201 2  

(139 )  

T GF-B ,  I L-5 ,  Ig E,  S A E -Ig E,  

EC P,  M PO ,  I L -1B ,  IL -6 ,  a n d  I L -

8  

N a s a l  muc os a  

IL -5 ,  I gE,  SA E -I gE,  EC P,  EC P /M PO  ra t io ,  IL -8  

inc re a s e d  in  C R Sw N P,  w he re a s  T GF -B ,  M PO ,  IL -

6  a nd  I L-1B  inc re a s e d  in  C R Ss N P.  

D e r yc ke  e t  a l .  2014  

(68 )  

IL -5 ,  I L- 4 ,  I L - 17 ,  IL -1B ,  I FN -g ,  

IgE a n d  EC P  
N a s a l  muc os a  

↑ in  C R Sw N P a n d  C R Ss N P c om pa re d  w i th  c on t ro l s  

i n  a l l  b ioma rke rs  e xc e p t  IL -17  (e qua l  e xp re s s io n )  

a nd  IFN -g ,  w he re  C R Sw N P p re s e n te d  a  l ow e r  

e xp re s s ion  tha n  c o n t ro l s .  

L i  e t  a l .  2014  (148 )  IL -5 ,  I L - 6  a nd  IL -8  N a s a l  muc os a  

IL -5  a nd  IL -6  inc re a s e d  in  C R S s N P,  w h i l e  IL -8  

w a s  inc re a s e d  in  a l l  C R S g ro ups  c ompa re d  w i th  

c on t ro l s .  

X iao  e t  a l .  201 4  (14 9 )  IL -21  N a s a l  muc os a  
↑ in  C R Sw N P a n d  C R Ss N P c om pa re d  w i th  

c on t ro l s .  

C hao  e t  a l .  20 15  (1 38 )  IL -21 ,  IgE  Se rum  
↑ in  C R Sw N P a n d  C R Ss N P c om pa re d  w i th  

c on t ro l s .  

C ui  e t  a l .  20 15  (1 37 )  T ota l  Ig E,  s pe c i f i c  Ig E a nd  EC P  Se rum  
↑ in  C R Sw N P a n d  C R Ss N P c om pa re d  w i th  

c on t ro l s .  

Shin  e t  a l .  2015  (143 )  IL -25  a nd  IL -17R B  N a s a l  muc os a  
IL -25  a nd  IL -17R B ↑in  C R Sw N P a nd  C R Ss N P 

c omp a re d  w i th  c on t ro l s .  

 



   

 

 84 

Table  11:  Charac ter is t ic s  o f  s tud ie s  inc luded  in  the  analys is  ( con t . ) .  

Stu dy  (A ut hor  an d  

Y e ar )  
B iom ar ke r  T i s s ue  R e s u l t  

S te ve ns  e t  a l .  2 015  (67 )  

EC P,  IL -4 ,  IL -5 ,  IL -6 ,  I L -10 ,  

IL -13 ,  IL -33 ,  e o t a x in - 1 ,  e o t a x in -

2 ,  e o t a x in -3 ,  R A N T E S,  M C P -4 ,  

T A R C ,  SC F,  GM -C SF,  M C P -1 ,  

IFN -a 2 ,  I FN -g ,  B C A -1 ,  SD F- 1a  

a nd  SD F -1b  

N a s a l  muc os a  

EC P,  M C P -4 ,  I L- 13  a nd  GM -C SF inc re a s e d  in  

C R Sw N P.  E o ta x in -1 ,2  a n d  3 ,  T A R C ,  I L -6 ,  B C A - 1 ,  

IL -5  a nd  IL -10  i nc re a s e d  in  C R S g roups  c o mpa r e d  

w i th  c on t ro l s .  IFN -a 2 ,  SC F,  SD F -1a  a n d  b ,  IL -4  

a nd  R A N T ES inc re a s e d  in  c on t ro l s .  H ow e ve r ,  

M C P-1  a nd  IFN - g  d id  no t  s how  a  c l e a r  pa t t e rn  

be tw e e n  C R S a nd  c on t ro l s .  

T s ybikov  e t  a l .  2015  

(135 )  

IgA ,  I gE,  s IgA ,  Ig G,  IL -1B ,  I L-

2 ,  I L-4 ,  IL -5 ,  IL -6 ,  IL -8 ,  IL -10  

a nd  IL 17A  

Se rum a n d  na s a l  

l a va ge  
↑ in  C R S g roups  c ompa re d  w i t h  c on t ro l s .  

Kim  e t  a l .  2017  (145 )   IL -33  N a s a l  muc os a  ↑ in  C R S g roups  c ompa re d  w i t h  c on t ro l s .  

Konig  e t  a l .  2016  (73 )  

IL -4 ,  I L- 5 ,  I L - 10 ,  IL -12 ,  IL -13 ,  

IL -17 ,  IL -8 ,  GM -C SF,  G -C SF ,  

IFN - g ,  M C P-1 ,  M IP -1a ,  M I P -1b ,  

e o t a x in  a nd  R A N T E S  

N a s a l  s e c re t ion  

IL -10  a nd  IL -13  w e re  h ighe r  i n  c on t r o l s  t ha n  C R S 

pa t i e n t s ;  I L -8 ,  M C P- 1 ,  e o t a x i n  e l e va t e d  in  C R S 

g roups ;  M I P -1a ,  M IP -1b ,  R A N T E S,  G -C SF,  EC P  

a nd  IL -17  w e re  h ighe r  i n  C R Sw N P,  w he re a s  IF N -

g ,  GM -C SF a n d  I L -1 2  w e re  l ow e r ;  I L -4  a nd  5  

w e re  low e r  i n  C R Ss N P,  w he re  GM -C SF ha s  a  

h ighe r  e xp re s s ion .  

Qin e t  a l .  2 016  (146 )  Pe r io s t i n  Se rum  
↑ in  C R Sw N P a n d  C R Ss N P c om pa re d  w i th  

c on t ro l s .  

Wang  e t  a l .  2 016  ( 64 )  
IL -5 ,  I FN -g ,  I L -1 7A ,  I L- 8 ,  T GF -

B 1 ,  IgE ,  EC P a nd  M PO  
N a s a l  muc os a  

M os t ly ,  I L -5 ,  EC P,  M PO ,  IgE a n d  I L -8  w e re  

e l e va t e d  in  C R S g roups ,  w he re a s  I L -17 A  w a s  th e  

s a me  a c ros s  a l l  g rou ps .  T G F -B 1  ga ve  mixe d  

pa t t e rn s  a c ro s s  t he  d i f fe re n t  s i t e s .  

C he n e t  a l .  20 17  (1 40 )  

IL -4 ,  I L- 5 ,  I L - 9 ,  I L- 25 ,  IL -33 ,  

IFN - g ,  e o t a x i n -1 ,  e o t a x in -2 ,  

e o t a x in -3 ,  I L -8 ,  I L-10 ,  T SL P,  

M C P-4 ,  T N F -a ,  EN A -78 ,  

R A N T ES a nd  T A R C  

N a s a l  muc os a  

↑ in  C R Sw N P a n d  C R Ss N P c om pa re d  w i th  

c on t ro l s ,  w i th  t he  e xc e p t io n  o f  IL -9 ,  IL -10  a n d  

T A R C .  M ore ,  T N F -a ,  I L -1 3 ,  e o t a x in -2 ,  e o t a x in - 3 ,  

R A N T ES w e re  ove re xp re s s e d  in  C R Ss N P.  
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Table  11:  Charac ter is t ic s  o f  s tud ie s  inc luded  in  the  analys is  ( con t . ) .  

Stu dy  (A ut hor  an d  

Y e ar )  
B iom ar ke r  T i s s ue  R e s u l t  

Oz tur an  e t  a l .  2017  

(142 )  
IL -25  a nd  IL -33  

N a s a l  muc os a  

a nd  s e rum  

Se rum:  I L -25  inc re a s e d  in  c on t ro l s .  

N a s a l  t i s s ue :  IL -25  inc re a s e d  in  C R Ss N P,  a nd  I L-

33  inc re a s e d  in  c on t r o l .  

M axf ie ld  e t  a l .  2018  

(147 )  

Pe r io s t i n  Se rum  ↑ in  C R S g roup  c om pa re d  w i th  c on t ro l .  

 

Tab le  12:  Summary of  b iomarkers  for  the  d iagnos is  o f  CRS.  

Biomarker  Fu l l  name  Express ion  

pat tern 

Sample  type  Reference  

BCA-1  B ce l l - a t t r ac t ing  chemo kine  1    Nasa l  mucosa ,  na sa l  lavage  (1 )  

CC10  Cla ra  ce l l  10 -kDa  pro te in  
  Nasa l  mucosa  (2 )  

=  Se rum (2)  

ECP  Eos inoph i l  c a t i on ic  p ro te i n    
Nasa l  mucosa ,  na sa l  lavage ,  na sa l  

sec re t ion ,  se rum  

(1 ,3 -5) ,  ( 1 ) ,  ( 6 ) ,  

( 7 )  

ENA-78  
Epi the l ia l -de r ived  neu t rophi l -

ac t iva t ing  pep t ide -78  
  

Nasa l  mucosa  (8 )  

Eotax in   
  

 

Nasa l  mucosa ,  na sa l  lavage ,  na sa l  

sec re t ion  

(1 ,8 ) ,  ( 1 ) ,  ( 7 )  

G-CSF  
Granulocy te -co lon y  s t imu la t ing  

f ac tor  
  

Nasa l  sec re t ion  (7 )  

GM-CS F  
Granulocy te -mac rophage  co lony -

s t im ula t in g  f ac tor  

  Nasa l  mucosa ,  na sa l  sec re t ion  (1 ) ,  ( 7 )  

=  Nasa l  lavage  (1 )  

IFN-2  In te r f e ron  a lpha -2  
  Nasa l  mucosa  (1 )  

=  Nasa l  lavage  (1)  

IFN- γ  In te r f e ron  gamma  
=  Nasa l  mucosa ,  na sa l  lavage  (1 )  

  Nasa l  mucosa ,  na sa l  sec re t ion  (8 ) ,  ( 7 )  
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  Nasa l  mucosa  (2 ,4 ,5 )  

Table  12:  Summary of  b iomarkers  for  the  d iagnos is  o f  CRS (cont . ) .  

Biomarker  Fu l l  name  Express ion  

pat tern  

Sample  type  Reference  

IgA  Im munog lobul in  A  =  Nasa l  mucosa  (9 )  

IgE  ( to ta l  

and  

spec i f ic )  

Im munog lobul in  E   

Nasa l  mucosa ,  se rum  (3-5 ,9 ,10) ,  

(6 ,9 ,11)  

Ig G  Im munog lobul in  G   Nasa l  mucosa  (9 ,10)  

IL-1ß  In te r leuk in  1  be ta   Nasa l  mucosa ,  se rum  (2-4 ,9) ,  (9 )  

IL-2  In te r leuk in  2   Nasa l  mucosa ,  se rum  (9)  

IL-4  In te r leuk in  4  
  Nasa l  mucosa ,  na sa l  lavage  (1 ,2 ,4 ,8 ,9 ) ,  (1 )  

= Nasa l  sec re t ion ,  se rum  (7) ,  (9 )  

IL-5  In te r leuk in  5    
Nasa l  mucosa ,  na sa l  sec re t ion ,  na sa l  

lavage ,  se rum 

(1 ,3 -5 ,8 ,9 ,12) ,  

(7 ) ,  ( 1 ,2 ) ,  (9 )  

IL-6  In te r leuk in  6    
Nasa l  mucosa ,  na sa l  lavage ,  se rum  (1-3 ,9 ,12) ,  (1 ,2 ) ,  

(9 )  

IL-8  In te r leuk in  8    
Nasa l  mucosa ,  na sa l  sec re t ion ,  se rum  (3 ,5 ,8 ,9 ,12) ,  (7 ) ,  

( 9 )  

IL-9  In te r leuk in  9  =  Nasa l  mucosa  (8 )  

IL-10  In te r leuk in  10  
  

Nasa l  mucosa ,  na sa l  lavage ,  na sa l  

sec re t ion ,  se rum  

(1 ,2 ,9 ) ,  (1 ) ,  ( 7 ) ,  

( 9 )  

  Nasa l  mucosa  (8 )  

IL-12  In te r leuk in  12    Nasa l  mucosa ,  na sa l  sec re t ion  (8) ,  (7 )  

IL-13  In te r leuk in  13  
  Nasa l  mucosa ,  na sa l  lavage  (1)  

  Nasa l  sec re t ion  (7)  

IL-17A  In te r leuk in  17A  

  Nasa l  mucosa ,  na sa l  sec re t ion ,  se rum  (9) ,  (7 ) ,  ( 9 )  

=  Nasa l  mucosa  (4 ,5 )  

n .d .  Nasa l  mucosa  (2 )  
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Table  12:  Summary of  b iomarkers  for  the  d iagnos is  o f  CRS (cont . ) .  

Biomarker  Fu l l  name  Express ion  

pat tern  

Sample  type  Reference  

IL-17E/ IL-

25  
In te r leuk in  17E or  25  

=  Nasa l  mucosa ,  se rum  (13)  

 Nasa l  mucosa  (2 ,8 ,14)  

IL-17 F  In te r leuk in  17 F  n .d .  Nasa l  mucosa  (2 )  

IL-17R B  In te r leuk in  17  r ecep tor  B   Nasa l  mucosa  (14)  

IL-21  In te r leuk in  21   Nasa l  mucosa ,  na sa l  lavage ,  se rum  (15) ,  (11) ,  (11)  

IL-23  In te r leuk in  23  n .d .  Nasa l  mucosa  (16)  

IL-33  In te r leuk in  33  
  Nasa l  mucosa  (8 ,13 ,17)  

  Nasa l  mucosa ,  se rum  (1 ,13) ,  (13)  

SDF-1 /ß  
S t roma l  ce l l -de r ived  f ac tor -1  

a lpha /be ta   
  

Nasa l  mucosa ,  na sa l  lavage  (1)  

MCP-1  
Monocyte  chemoa t t r ac tan t  p ro te in -

1  
  

Nasa l  mucosa ,  na sa l  sec re t ion  (1) ,  (7 )  

MCP-4  Monocyte  chemotac t ic  p ro te in -4    Nasa l  mucosa  (1 ,8 )  

MIP-1a /b  
Mac rophage  in f lammatory  pro te i n  

1  a lpha /be ta  
  

Nasa l  sec re t ion  (7)  

MMP-

2/7 /9  
Ma tr ix  me ta l lopro te inase  2 /7 /9 ;     

Nasa l  mucosa  (18)  

MPO  Mye lope rox idase    Nasa l  mucosa  (3 ,5 )  

Pe r ios t in     Se rum (19 ,20)  

RANTES  
Regula ted  on  Ac t iva t io n ,  Norma l  T  

Ce l l  Expre ssed  and  Sec re ted  

  Nasa l  mucosa ,  na sa l  sec re t ion  (8) ,  (7 )  

  Nasa l  mucosa  (1 )  

SCF  S tem ce l l  f ac tor    Nasa l  mucosa ,  na sa l  lavage  (1)  

sgp130  Solub le  g lycopro te in  130    Nasa l  mucosa ,  na sa l  lavage  (16)  

s IgA  Sec re tory  immu noglob ul i n  A  
  

(CRSwNP)  

Nasa l  mucosa  (9 )  
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Table  12:  Summary of  b iomarkers  for  the  d iagnos is  o f  CRS (cont . ) .  

Biomarker  Fu l l  name  Express ion  

pat tern  

Sample  type  Reference  

s IL-6 R  Soluble  in te r leuk in  6  r ecep tor  
 Nasa l  mucosa  (16)  

=  Nasa l  lavage  (16)  

TARC  
Thymus  and  ac t iva t ion  r egu la ted  

chemokine  

 Nasa l  mucosa  (1 )  

  ( 8 )  

TGF-B  Transforming  growth  f ac tor  be ta  
 Nasa l  mucosa  (5 ,18) ,  (3 )  

=   ( 5 )  

TIM P-

1/2 /4  

T issue  in h ib i to r  o f  

me ta l lopro te inase  1 ,  2 ,  4  
  

Nasa l  mucosa  (18)  

TNF-  Tumor  nec ros is  f ac tor  a lpha    Nasa l  mucosa  (2 ,8 )   

TSLP Thymic  s t roma l  l ympho poie t in    Nasa l  mucosa  (8 )  

(1-  S tevens  e t  a l .  2015;  2 -  L iu  e t  a l .  2009 ;  3 -  Se j ima et  al .  2012 ;  4 -  Derycke e t  a l .  2014;  5 -  X.  Wang e t  a l .  2016;  6 -  

Cui  e t  a l .  2015;  7 -  Kön ig e t  a l .  2016;  8 -  Chen et  al .  2017;  9 -  Tsybikov e t  a l .  2015 ;  10 -  Van Zele e t  a l .  2007;  11-  

Chao et  a l .  2015;  12 -  Y.  L i  e t  a l .  2014 ;  13 -  Oztu ran  et  a l .  2017;  14 -  Shin et  a l .  2015;  15 -  Xiao et  a l .  2015;  16 -  P eters  

et  a l .  2010;  17 -  D.-K.  K im et  al .  2017 ;  18 -  X.  Li  et  a l .  2010 ;  19 -  Qin et  al .  2016 ;  20 -  Maxfield  e t  a l .  2018)  
n .d . ,  non  de tec tab le ;    inc rea sed ;  =  equa l ;     dec reased .



   

 

   

 

 

3 .4  Discuss ion  

In  th is  work,  w e tr i ed  to  f ind  re levant  l i t e ratur e that  would  a l low 

for  more  des cr ip t ive  biomarkers .  S ince  the main goal  of  th is  projec t  

is  to  explo re  the endo types  of  CRS and  the poss ibi l i ty  o f  b iologica l  

s igna tures  in  spec if ic  CRS pat ien t  groups ,  b iomarkers  were s elec ted  

tak ing  this  in to  accoun t .   

There is  a  l arge  number  of  promis ing  biomarkers  for  CRS,  

inc luding var ious  nas a l  and s erum pro te ins ,  which  migh t  fu lf i l  the  

role  of  the perfect  b iomarker  for  CRS charac ter i sat ion and ea r ly  

diagnos is .  Even the combina tion of  s evera l  b iomarkers  appears  

promis ing wi th  r ega rds  to  the unders t and ing of  the  immunolog ical  

mechan isms under lying the  dif f erent  pheno types  o f  CRS.  

Never the less ,  fu r ther  s tudies  a re needed  to  promote  va l idat ion  of  

novel  b iomarkers  and to  fur ther  evaluate poten ti al  ones .  

 

Key po ints :  

•  No ideal  d iagnos t ic  b iomarker  for  ear ly  de tec t ion of  CRS 

exis ts ,  how ever  IL-5 and IgE have been poin ted out  as  being  

indica t ive of  the  pres ence of  NP ;  

•  Our  sys tematic  r eview iden tif ied  52  b iomarkers  that  ar e 

supported by di f fer ent  levels  of  evidence for  d is t ingu ish ing pa t ients  

with  CRS from heal thy  con tro ls ,  or  ident ifying  d if f eren t  CRS  

groups ;  

•  16 mandatory and 20 explorato ry biomarkers  were found and 

selected to  be analysed subsequen tly  in  th is  projec t .  

  



   

 

 90 

IV –  SUBJECTS AND METHODS 

 

4 .1  Subjec ts  and  ethical  cons iderat ions  

In  order  to  fu lf i l  the ob ject ives  o f  th is  work,  a  pu rpos ive sam ple  

of  adu lt  pat ien ts  with  or  wi thou t  CRS was  recru i t ed f rom the James  

Paget  Un ivers i ty  Hosp it al  (JPUH).  The exact  number  of  pa t i ents  was  

dif f i cul t  to  predict ;  however ,  a  s amp le s i ze of  44 par t i cipants  w ith  

CRSwNP,  44 w ith  CRSsNP and  44  con tro ls  wou ld g ive  80% power  

to  de tect  a  Cohen 's  e ffect  s ize of  0 .6  in  the  IL- 5 exp ress ion be tween  

any two  groups  at  the 5% level  of  s ignif i cance us ing a two -s ample  

t - t es t .  Cohen 's  effect  s i ze is  the mean dif fer ence div ided by the  

s tandard deviat ion,  we  used this  as  we lac ked any p rev ious  da ta  on  

i)  wha t  the l ike ly  s t andard deviat ion would be ;  and i i )  wha t  

d if fer ence  was  important  to  de tect .  A Cohen 's  e ffect  s ize of  0 .6  

would trad i t ional ly  be cons idered a 'medium'  eff ec t  and  have an  

over l ap be tween any two groups  of  69%. We  a imed to  col lect  50  

pat ien ts  per  pheno type and 50 cont rols  to  al low for  a  10% d rop -ou t  

rat e .  Maximum var iat ion sampl ing gu ided recrui tment  and th is  

ensured  a  range  of  ages ,  genders ,  e thn ic background s ,  loca t ions ,  

previous  tr ea tments  and symptom pro f i le s .   

The inc lus ion and  exclus ion cr i ter ia  w ere the fol lowing :   

•  Inclus ion cr i ter ia :   

•  Adult  pat ien ts  with  a  d iagnos is  of  CRS according to  

European guidel ines  who  have >12 -week  his tory  of  nasa l  

conges t ion and/or  nasa l  d ischarge along with  hyposmia  

and/o r  fac ia l  pressure/pain  and conf irmation of  d is ease  

f rom endoscopy and/or  CT s can ;  

•  CRS pati en ts  who were selec ted to  undergo ESS surgery 

af t er  fa i l ing max imal therapy ;  

•  Contro l  pa t i ents  cons is t ing of  pat ien ts  aged 18 and above 

withou t  a  d iagnos is  of  CRS or  rhin i t is  and who had  

undergone a sep toplas ty  su rgery  for  ana tomical  reasons .   

•  Exc lus ion cr i te r i a:   
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•  Within 6  mon ths  pos t -opera t ive;  

•  Rare /complex s inus  condi t ions ;  

•  CRS secondary to  sys temic  d iseas e such as  cys t i c  f ibros is  

and gr anulomatous  d isease suspected malignancy;  

•  Severe  as thma (h igh  doses  or  inhaled s tero ids ,  

i .e .>1.5mg/day) ;  

•  Pregnan t/ lactat ing women ;  

•  Immunodef ic iency s tat es ,  inc lud ing HIV and se lect ive  and  

mul t ip le  ant ibody def ic iency s t at es ;  

•  Inabi l i ty  to  g ive consen t  or  to  unders tand  and comply wi th  

s tudy ins truct ions .   

 

All  of  the po tent ial  pa t i ents  were  sen t  a  l et ter  of  invi ta t ion ,  br ief ly  

explain ing  the projec t  and the ir  ro le  in  the p rojec t .  The  l et ter  

inc luded  a par t ic ipan t  informat ion shee t  (Appendix A)  or  a  con trol  

informat ion  sheet  (Appendix  B) ,  a  cons en t  form (Append ix  C)  and  a  

ques t ionna ir e (Appendix D) .  As  a s econd s t ep,  pat ien ts  were  

approached by the PhD cand ida te,  a  r e search  nurse o r  the ENT 

surgeon  befo re  the p rocedure  and asked  whether  or  no t  they were  

wil l ing to  par t i cipate.  Par t i cipat ion was  volun tary  and the  

par t ic ipan t  could wi thdraw from the resear ch projec t  a t  any t ime.  A ll  

of  the pat ien ts  were inv it ed to  complete  an onl ine  ques t ionna ire  and  

they  were p rovided  with  a  unique s ecure PIN to  access  i t .  P at ien ts  

who were  in teres ted in  pa r t ic ipa t ing had the ir  samples  co l l ected in  

cl in ic  or  in  thea tre .   

The s tudy  was  approved by the Research E thics  Commit tee  of  Eas t  

Midlands  –  Le ices ter  Cent ra l  and Heal th  Research Au thor i ty  in  

October  2016 (Append ix E) .  A ll  sub jec ts  gave wr i t ten  informed  

consen t .  

The s tudy  included two  se ts  of  pa t i ents .  The f irs t  s et  was  der ived  

f rom a previous  t is sue bank co ll ec t ion cons t i tu ted exc lus ively  by  

CRS pa ti ents  who  had  undergone ESS between 2012  and  2016.  I n  

tha t  se t ,  a l l  of  the  pa t i ents  ( i f  s t i l l  a l ive )  were  contac ted .  I f  they  
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were in teres t ed,  a  recru i tmen t  pack,  cons is t ing o f  a  pat ien t  

informat ion  shee t  (Append ix A) ,  a  consen t  form (Appendix B)  and a  

ques t ionna ir e (Appendix  C)  was  sent .  I f  the  pa t i ent  des i red to  be  

inc luded ,  the ques t ionnair e and consen t  f orm had to  be re turned to  

the inves t igato r .  Th is  a l lowed the res earcher  to  corr elat e  their  

cl in ical  character is t i cs  with  any labora tory f ind ings .   

The s econd se t  of  pat ients  was  recru i ted prospec tively  and  

cons is t ed o f  bo th  CRS  and  con tro l  pat ien t s .  In  th is  se t ,  the  pa t i ents  

were approached  verbal ly  in  cl in ic  by the ENT doc tor  o r  the research  

nurse.  Pat ients  were then given a recru i tment  pack s imi lar  to  the  

other  pa t i ents .  Pa t ients  who  were in teres ted in  par t ic ipat ing had  

the ir  samples  col lected in  cl in ic  or  in  thea tre .  CRSwNP and CRSsNP 

were diagnosed accord ing to  the curr ent  European pos i t ion paper  

(23) .  

In  to ta l ,  226  adu lt  subjec ts  f i l led  ou t  the  ques t ionna ir e.  However ,  

seven  pa t i ents  were exc luded f rom the s tudy due to  fur ther  d iagnos is  

tha t  p laced them in to  the excluded cr i te r ia .  As  a  resul t ,  157  

CRSwNP,  21 CRSsNP and  41  hea l thy controls  (Table  1 3)  were  

inc luded  in  th is  s tudy.   

 

Table  13:  Cl in ica l  charac ter is t ic s  o f  a l l  r ecru it ed  pat ien t s .  

 CRSwNP CRSsNP Contro l  

N  157  21  41  

Age  (mean  ±  SD) 58 .47±11 . 25  47 .81±19 . 70  39 .02±15 . 7  

Male /Female  (n )  98/59  10 /11  19 /22  

Durat ion  (mean  ±  

SD) 
19 .68±13 . 36  9 .12±12 .8 8  -  

Comorb id it ie s  (%)  72  38 .1  56 .09  

      as thma (%)  70  19  12 .2  

Allerg ie s  (%)  56 .7  14 .3  17 .07  

History  of  

smoking  (%)  
47 .1  33 .3  26 .8  
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4 .2  Human samples  

4 .2 .1  Serum col lect ion  

Blood  was  col lec ted before  the admin is tr at ion of  the anaes thet ic  

agen t ,  in  order  to  preven t  any r eac t ion between the  assay  reagen ts  

and the anaes the t ic .  The co ll ected b lood was  al lowed to  clo t  for  at  

leas t  30  minu tes  before s eparat ion.  The tubes  contain ing  the b lood  

were then  centr ifuged for  10 minutes  a t  4000 g .  S era w ere  separated  

f rom the b lood ,  a l iquoted and s tor ed a t  -80°C un ti l  analys is .  

 

4 .2 .2  Nasa l  t is sue co llect ion  

Nasal  b io log ical  samples  were col lected dur ing  ESS for  the  

pat ien ts  or  dur ing  sep toplas ty  for  the  con trols .  Nasa l  s amp les  were  

kept  on ice or  at  4 °C u n ti l  the end of  the s urgery.  Samples  were la ter  

s tored at  - 80°C unt i l  ana lys is  or  s ent  to  the B iomed ica l  Resea rch  

Centr e  (Un ive rs i ty  of  Eas t  Angl ia ,  Norwich,  Un it ed K ingdom ) and  

extr ac ted r igh t  a f te r  recep tion.  

In  the case of  pat ien ts  wi th  CRS,  t is sue s amp les  were taken f rom 

the ethmoidal  mucosa,  NP,  mucus ,  uncinate process ,  agger  nas i  cel ls  

and mucus .  On the o ther  hand ,  inf er ior  turbinate  samples  or  nasal  

mucos a were taken f rom the pat ien ts  without  s inus  dis ease ( con trols )  

undergo ing s eptop las ty  or  s eptorhinoplas ty .  

 

4 .3  Molecu lar  b io logy methods  

 

4 .3 .1  B icinchonin ic ac id  (BCA)  protein  as say  

Fol lowing the  s t andard protoco l  f or  the  P ierceTM  BCA  Protein  

Assay Kit  (#23225 ,  Thermof isher ) ,  the working r eagent  (WR) was  

prepared  by mix ing  50 par ts  of  BCA Reagent  A wi th  1  par t  of  BCA  

Reagent .  A ser i es  of  d i lu ted albumin (BS A) s tandards  was  pr epared  

by dissolv ing BSA powder  in  the same solut ion us ed for  the samp les’  

homogenisa t ion.  Each measu remen t was  performed in  dupl icate  in  a  

mic roplate .  
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The s amp les  w ere  incuba ted  a t  37˚C for  30  min  in  accordance w ith  

the s tandard procedures .  Al l  the absorbances  were corr ected by the  

corresponding blank repl icate .  Absorbance at  562 nm was  measured  

by spectrophotometer  (Spectr aMax  M2e Microp late  Reader ,  

Analy t ical  Ins truments  LLC,  M in neapo lis ,  Unit ed S tates ) .  

A s tandard cu rve w as  obtained by plo t t ing the average blank-

corrected 562 nm measuremen ts  by each  BSA s tandard  

concentr at ion.  Unknown samples  were in terpolated on  the curve.  I f  

a  sample measuremen t was  outs ide  the cu rve,  i t  would  be more ,  or  

less ,  d i lu ted to  fa l l  w ith in  the s t andard curve,  s ince the curve was  

only  assured to  be l inear  wi thin  the r ange .   

 

4 .3 .2  Enzyme- l inked immunosorbent  assay (ELISA)  

Levels  of  MPO, Per ios t in ,  MCP -4,  IgE ,  S iglec -8,  ET-1 and ECP  

were quan tif ied  by  commerc ia l  s andwich ELISA k its  (Thermofisher  

Scien tif ic ,  Massachuse t ts ,  Un it ed S tates ) .  Detec t ion l imi ts  were,  

respec t ive ly ,  26,  80,  3 ,  500,  58,  0 .75 and 25 pg/ ml.  Abso rbancies  

were read with  a  spec tropho tometer  ( Spect raMax M2e Microp la te  

Reader ,  Ana lyt ical  Ins trumen ts  LLC,  M inneapo lis ,  Un it ed S ta te )  at  

waveleng th 450 nm.  

 

4 .3 .3  Luminex  

In  order  to  s tudy the  concentr at ion o f  b iomarkers  in  both  blood 

and nasa l  samples ,  Luminex techno logy was  used.  Th is  technology  

has  been descr ibed and val ida ted in  s imilar  s t ud ies  (65,67,150) .   

 

Princ ip le  

Luminex™ is  a  r ecent  technology which,  based on the pr inc ip le of  

f low cy tometry ,  combines  the use of  f luorescent  microspheres  and  

double reading af ter  exc i t at ion by  two l as ers .  Th is  mu lt ip lex sys tem 

cons is ts  of  a  se t  of  mic rospheres  and a  f low cy tometer  wi th  two  

lasers .  The power  of  th is  sys tem l ies  in  the fact  tha t  i t  is  poss ib le  to  

s imul taneous ly  analys e  up to  100 types  of  molecu les  per  wel l  ( each  
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type of  bead is  recogn izable by a d if fer en t  colour  code acco rding to  

i ts  f luores cence) ,  decreas ing  the amoun t needed for  analys is .  

Accord ing to  the envis aged app li ca t ion ,  the  microspheres  ar e 

covered e i ther  with  an an tigen,  or  an o l igonucleot ide,  or  a  subs tr at e  

i f  one wants  res pec t ively  to  reveal  an ant igen - an tibody bond,  a  

molecu lar  hybr idiza t ion or  an  enzyme -subs tra te  ac t iv i ty ,  af t er  

addi t ion of  a  developer  l abe l l ed w ith  phycoerythr in  which g ives  

another  f luorescence .  

The assay pr inc ip le can be seen in  Figure 1 8.  

A.   

B.   

Figure  18:  Luminex  ass ay  presen tat ion .  A.  Lumi nex  a ssay  o pe ra t iona l  

p r inc ip le .  Source :  Bio -P lex® Mu l t ip lex  Immu noassays ,  B ioRad  

Labora tor ie s ,  He rcu le s ,  Ca l i fo rn ia .  | |  B .  B io -Plex® Sys tem:  1 00  d i f f e r en t  

beads  show a  r ed  and  in f r a red  co lour  spec t rum a l lowing  t he  de te rmina t ion  

of  100  d i f f e r en t  ana ly te s  wi th i n  one  samp le .  The  f i r s t  la se r  exc i te s  the  
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co lour  code  cor r e spondi ng  to  o ne  of  the  100  molecu le s  p ro posed  and  the  

second  la se r  a l lows  the  quant i f ic a t ion  of  t he  cy tok ine  to  be  ana lysed .  

Source :  Bio-Rad  documen ts .  

 

The sys tem  

•  Beads  

Magne tic  beads ,  w ith  a d iameter  o f  5 .6μm and made of  

polys ty rene ,  are us ed .  They are dyed wi th  dif f eren t  ra t ios  of  two  

spect ral  d is t inct  f luorophores .  By varying the ra t io  of  the two  

f luorochromes ,  we  obtain  a  range of  100 categor ies  of  beads  

charac ter ized by a co lour  code .  This  colour  code is  a  resu l t  of  the  

in tens i ty  of  the f luores cence emit ted  by the two f luorochromes  in  

the ir  respec t ive emiss ion spect rum .  

 

•  The cytometer  

I t  features  a  r ed d iode  l aser  (633nm) and  a gr een  las er  (532nm).  

Whi le  the red laser  exc i t es  the f luorochromes  ins ide the beads ,  the  

green laser  exc i t es  phycoery thr in .  Conven tional ly ,  the sample wh ich  

contains  the  magnet ic  beads  is  aspir ated in  a  sheath  l iqu id  and  the  

beads  pass  one by one in  f ront  o f  the las ers .  The r ed c lass if icat ion  

laser  iden tif ies  i ts  spectr al  address ,  whereas  the green repor ter  laser  

quant if i es  the cap ture  analy te.  

 

Selected assays  

The levels  of  thes e bio log ical  markers  wil l  be assess ed us ing  

mul t ip lex  panels  (Proca r t aPlex ,  L ife  Technolog ies ,  UK).  A human  

cytok ine 17-p lex pane l  (Procar taPlex Mix&Match Human 17 - plex,  

Invit rogen ,  Massachuse t ts ,  Uni ted  S ta tes )  al lowed  the ana lys is  of  

IL-1B,  IL-4 ,  IL-5,  IL-6,  IL- 8,  IL-9,  IL-10 ,  IL-13 ,  IL -15,  IL-17A,  IL-

31,  IL-33,  G-CSF,  IFN-γ,  MMP -7 ,  TNF-  and TSLP.  Moreover ,  

MMP-9 and RANTES were measured us ing a human cy tok ine 2 - plex  

pane l  (Human Cus tom Procar taPlex 2 -plex,  Inv itrogen,  

Massachuse t ts ,  Un ited S ta tes ) .  S ingleplex pane ls  of  Eotaxin  (Human  

Eotaxin  S implex,  Invi trogen,  Massachuse t ts ,  Un it ed  S ta tes ) ,  IL -25  
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and IL- 32 (Bio-Plex Cytokine Assay ,  Bio -Rad Laborator ies ,  

Hercules ,  Cal ifornia )  were us ed ind ividual ly  due to  the  imposs ib i l i ty  

of  conjuga ting them within  o the r  panels .  This  ar ises  f rom the fac t  

tha t  these beads  share  a  code  co lour  w ith  another  molecu le.   

 

Val idat ion o f  th is  assay  

These cytokine assays  us e f luorescent ly  addre ssed polys tyrene  

beads  wi th  conjugated captu re ant ibodies  directed to  the afores aid  

cytok ines .  After  wash ing,  a  f luores cen tly  marked detect ion ant ibody  

builds  an immunoassay wi th  the cytokine.   

The accuracy and reproducib i l i ty  of  cytok ine measurements ,  mad e 

us ing commercial  mul t ip lexing  ki ts ,  is  h ighly  dependent  on the  

ava i labi l i ty  of  h igh -s t andard curves  (151 ) .  These s tandard  poin ts  are  

provided in  each Luminex k i t  and  were  pr epared accord ing to  

manufac tur er’s  ins t ruc t ions .  S tandard curves  were p la te  speci f i c  to  

al low us  to  es t ima te the  pro te in  concent rat ions  of  our  s amp les  by  

comparing them to  s t andards  with  known protein  leve ls .  

Fur thermore,  i t  is  impor tan t  to  us e a  contro l  sample of  known  

concentr at ions ,  in  order  to  normalize r esul ts  be tween p lates  for  

qual i ty  con tro l  purpos es .  

Data w as  co llected and analysed us ing the Luminex 200 sys tem 

and Luminex  XPONENT 3.1  Patch (Luminex Corporat ion,  Aus tin ,  

USA).  Figu re 19A shows the samp le acquis i t ion sof tw are.  The  

super ior  par t  of  the window gives  a  r ea l - t ime reading of  sample  

concentr at ions ,  with  each l ine r epresen ting the da ta  for  each  wel l .  

At  the s ame t ime,  the sys tem prov ides  the res ear cher  w ith  a  

his togram,  disp lay ing the Doub let  Dis cr imina tor  and even ts  number .  

A peak  mus t  be obs erved  in  th is  h is togram for  each we ll ,  as  th is  

val ida tes  the reading of  the magnet ic  beads .  For  ins tance,  i f  the  

number  of  events  d isp layed is  low,  and no  peak is  observed,  we can  

deduce that  the sys te m disp lays  some type of  error ,  or  our  beads  

were aggrega ted .  In  such cases ,  resu l t s  canno t  be val ida ted  or  

extr apolated.  The acquis i t ion Dens i ty  Do t P lot  d isp lays  a  cons tant  



   

 

 98 

accumula t ion  of  even ts  (Figure 19B) .  I n  her e,  each  cy tokine is  

iden tif ied by a reg ion (grey areas)  in  the plo t ,  and al l  co l l ec ted  

even ts  for  each cytok ine are  ind icated  by con tr a s t ing colours .  For  

example,  F igure 19B shows the ident if i ca t ion of  19 cy tok ines  in  the  

same we ll .  Any error  assoc ia ted wi th  samp le process ing wi l l  be  

displayed on th is  p lot .  Fo r  ins tance,  i f  photo-b leach ing occurs  (as  

S trep tav idin -PE is  l ight  sens i t ive ) ,  t h i s  can mudd le  the s igna l  

leading  to  col lected even ts  d isplayed as  a  d iagonal  l ine above  the  

grey  areas .  Luminex s tandard curves  are  obta ined  f rom 7  da ta  po ints  

p lus  a  blank .  In  our  s tudy,  w e added  ano ther  s t andard po in t ,  i n  order  

to  incr eas e the  sens i t iv i ty  of  assays ,  bu t  i t  proved  i r re levant ,  as  the  

af t er  6 t h  d i lu t ion ,  th is  poin t  showed h igh var i anc e be tween rep li ca tes  

and could  no t  be used for  the curve  cons truc t ion .  This  exceeds  the  

number  of  da ta po ints  requir ed for  accura te logis t ic  r egress ion  

ana lys is .  The sys tem de te rmines  the ideal  s tandard curve range fo r  

each assay,  ensur ing op tima l  s ens i t iv i ty  and  rep roducib i l i ty  of  

resul ts .  A f ive-paramete r  regress ion formula is  propos ed by  the  

sof tware ,  in  o rder  to  calculate  the  values  of  unknown samples  in  

rel at ion to  the  s t andard  (Figure  19C) .  The res ear cher  shou ld ensure  

tha t  al l  r esul ts  ar e opt imal ,  an d tha t  no  er rors  in  sample acqu is i t ion  

occurr ed.  The percent  recovery of  s tandards  ranged  f rom 70% to  

130%, which w as  used  as  a  de tect ion l imit  for  each protein .  The  

detect ion  th resho ld w as  0 .5  pg /ml.  S tandard curves  were val idated  

by the au thor  of  th is  th es is  before any res ults  were calcu la ted.  

Unknown samples  were in terpo lated on the  curve  f rom the  s t eepes t  

par t  of  i t ,  as  th is  is  the most  re l i able .  I f  a  sample measurement w as  

outs ide th is  area of  the  curve,  i t  would  be  re- ana lysed  us ing  a more,  

or  less ,  d i lu ted sample unt i l  i t  fa l ls  wi thin  the l inear  par t  of  the  

curve.  

All  96-we ll  p la tes  included samples  f rom al l  d isease subtypes  and  

controls  to  min imise in ter -ass ay var ia t ion.  Al l  obtained t is sue  

prote in  concent ra t ions  w ere corr ec ted for  to tal  protein  
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concentr at ion,  and  the resu l ts  are  repor ted  as  p icograms (pg )  of  

med ia tor  per  mil l ig ram (mg)  of  to tal  p rotein .  

A.  

B.  

C.  

Figure  19:  Analys is  o f  samples  u s ing  Luminex .  Outputs  o f  Lum inex  

XPONENT 3 .1  ana lys is  dur ing  da ta  acquis i t io n .  A  –  D isp lay  image  dur ing  

sample  r ead ing  showcas ing  the  f luore scence  h is togram  and  beads  r eg ion  
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with  beads  acquis i t io n ;  B –  E mphas is  on  the  beads  acquis i t ion  in  each  of  

the  media tor ’ s  r eg i on ,  s howing  the  s igna l  ob ta ined  in  each  one ;  C  –  

Subsequent  ob ta ined  graph ica l  d i spos i t io n  us ing  a  log is t ic  5 - PL  

we igh ted .  

V - ASSAY DEVELOPMENT  

 

5 .1  Int roduc tion  

 

Chronic RS is  associated wi th  a  chron ic inf lammat ion of  the  

s inonas al  t is sue.  I t  has  a  wide pr e va lence worldwide and i t  is  

acknow ledged that  each phenotype is  as socia ted w ith  a  d if f eren t  

immune mechan ism (67) .  However ,  s eve ral  r epor ts  d if fer  on the  

express ion pa t t ern  of  s peci f i c  med ia tors  in  CRS (25,44 ,64–

66,68,123) .   

In  prev ious  chapters ,  we iden tif ied and gave pr el iminary proof -

of-concep t  s tud ies  of  the po ten ti al  b iomarkers  and d iscussed  the bes t  

assay to  measure them  in  cl in ica l  pr act i ce .  While  omics  is  a  

d iscovery t echnology ,  immunoassays  ar e routinely  used for  protein  

biomarker  eva lua t ion s ince they ar e eas y and s imp le in  cl in ica l  

prac t i ce and can be t rans lated in to  a  potenti al  d iagnos t i c  assay.  The  

mul t ip lex ing  of  protein  assays  b r ings  the advantage  for  s imul taneous  

detect ion and ana lys is  of  severa l  media tors ;  however ,  i t  is  l imited  

to  s t andardize  assay  condi t ions ,  l ess  sens i t iv i ty  o ver  s ingle assays  

and the  qual i ty  contro l  o f  each ana lyte in  the  mu lt ip lex panel  (152) .  

Therefore,  th is  chap ter  w as  des igned  to  ref ine the protoco l  to  be us ed  

ther eaf ter  in  al l  analys is ,  g iv ing us  guide l ines  for  the fu tur e on the  

s tandardized  pro tocol  for  the assessment  of  po ten ti al  b iomarkers  in  

CRS.  For  th is  r eason,  w e evaluate  whether  the in tr ins ic  condi t ions  

of  the s amp le,  such  as  their  natur e o r  local i s at ion w ith in  the nos e,  

could  inf luence the extr ac t ion o f  our  prote ins  of  in ter es t  in  nasa l  

samples .  A lso,  ext r ins ic  characte r is t ics  a s  ext rac t ion technique s  or  

conservat ion methods  were ana lysed.  
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5 .2  Sample  ex tr ins ic  cha rac te r is t ics  

5 .2 .1  In troduct ion  

The prepara t ion of  samples  for  pro tein  analys is  requir es  

homogenisa t ion,  in  which the d is rupt ion of  the  t is sue wi l l  r el eas e  

the cel l  con ten ts .  Select ing the pr oper  techn ique is ,  therefo re,  

essent ia l .   

In  th is  s tudy,  mechan ical  homogen i sat ion was  the chosen  one due  

to  i ts  inexpens iveness ,  ease  of  use and  ava ilabi l i ty  in  the labora tory,  

and most  impor tant ,  i ts  abi l i ty  to  handle whole chunks  of  t is sue,  

al lowing for  the remova l  of  fur ther  pr epara tory s t eps .  The bead -

based d is rupt ion separat ion t echnique  eff i ci ent ly  homogeni ses  

samples .  The procedure cons is ted of  a  smal l  s ta inless -s teel  bead  

with  a  homogeni ser  caus ing vigorous  mixing and turbulence,  

shear ing the samp le in to  s mall  p ieces .  N ext ,  the sample was  inser ted  

in to  a  vial  wi th  a  buffe r  so lut ion.  The resul t ing  homogena te  was  

semi-so l id  and a f t er  cen tr if uga tion /decan tat ion,  i t  was  in  a  l iquid  

form and was  treated as  s erum or  cel l  superna tan t .  

The f irs t  s tep in  th i s  s tudy was  unders tanding wh ich  buff er  wou ld  

max imise the recovery and s tab i l i ty  of  the des ir ed pro te ins .  

Therefore,  two  methods  were  t es ted.  One cons is t ed of  p lacing the  

to tal  samp le  in  a  known  vo lume o f  bu ffe r  solu t ion.  This  procedure  

has  been us ed in  ou r  group for  in -v ivo/ in-vi t ro  exper iments  us ing  

murine mode ls ,  and i t  has  proved to  be a  val id  method.  The second  

one cons is t ed of  we ighing  the sample and add ing a propor t ional  

amoun t of  buff er  to  the s amp le  ( recommended by  the manufac ture r’s  

protocol) .  This  comparison al low ed us  to  def ine the f i rs t  s tep o f  

sample t reatmen t  af ter  recovery.  

Another  main  concern of  th is  work  was  the  cons erva t ion of  the  

sample,  bo th  nasa l  and blood.  Therefore ,  one o f  the goals  w as  to  

determine  if  the b iomarkers  were conserved w hen f rozen and thawed.  

This  wou ld he lp  to  determine  the approach  needed  for  handl ing  

sample col lec t ion for  the MACRO tr ia l .   



   

 

 102 

Once we  acknowledged the bes t  ex trac t ion  techn ique  for  the 

s inonas al  human samples ,  we inves t igated whe ther  the mediator  

levels  would be d if fer en t  i f  extr ac ted r ight  af t er  col l ec t ion or  

extr ac ted  af ter  s to rage at  the Biorepos i tory  Human Tissue Bank.  The  

lat ter  approach  wou ld al low t issues  to  be s tored  unt i l  the necess ary  

number  of  samp les  was  r eached for  the mu lt ip lex analys is .  

Moreover ,  i t  wou ld  also  a l low  for  s tor age  on s i te  ( a t  mul t ip le  s i tes  

dur ing  the MACRO  tr ia l)  unt i l  t r anspo r t  was  booked,  a l low ing  

eff i ci ent  t ranspor tat ion  to  the Norw ich Biorepos i tory .  

 

5 .2 .2  Methods  

5.2 .2 .1  Samp ling and pat ien t’s  se lect ion  

All  pa t i ents  were recrui ted as  def ined in  Chapter  4 ,  sect ion 1 ,  and 

human  samp les  w ere obtained as  prev ious ly  des cr ibed.  

 

5.2 .2 .1  Ex trac t ion techn ique  

Samples  obtained for  the purpos e of  the  s tep were  d ivided in to  

two segmen ts ,  one to  be use in  the  se t  bu ffer  volume  techn ique  and  

the o the r  to  be us ed in  the we igh ted -s ample procedure.  

 

Set  buffer  volume t echnique (SBV)  

Prote in  was  ex tracted us ing a s mall  s t ain less -s tee l  bead per  tube,  

which  was  pr e- incubated for  15 min on ice .  Afte r  add it ion of  the  

sample,  the tube  remained  on ice for  another  15  min.  Afte rwards ,  1  

ml of  buff er  cons is t ing of  T -PER™ Tissue Protein  Extr ac t i on 

Reagent  (Thermofisher  Sc ien tif ic ,  Massachuset ts ,  Uni ted  S ta tes )  and  

cOmplete™ M ini  ED TA - f ree Pro tease Inhibi tor  Cockta i l  (Roche ,  

Basel ,  Switzer l and) ,  in  a  propor t ion of  1  tab le t  for  10 m l of  T-PER  

buffer ,  was  added.  Later ,  i t  w as  placed  in  the  homogen iser  and  

turned on for  5  min a t  50H z.  After  homogenisa t ion ,  the s amp le  was  

then cent r ifuged for  10 min a t  4000rpm at  room tempera ture and then  

transf erred to  a  clean propylene  tube.   
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Weighted-sample procedure (WS)  

The  sample was  we ighed ,  and  buff er  w as  added  in  a  p ropor t ion  of  

0 .1  ml per  1  g  of  s amp le.  Protein  was  ex tracted us ing a s mal l  

s tain less -s t ee l  bead per  tube,  wh ich  was  p re- incubated for  15 min on  

ice .  After  add it ion o f  the s amp le,  the tube r emained on i ce  for  

another  15 min .  Afte r  th is  s tep,  the co r responden t  amount of  buff er  

was  added to  the samp le and aga in ,  i t  was  homogen ised  fo r  5  min at  

room tempera tur e at  a  rotat ion speed of  50Hz.  After  homogenis at ion ,  

the sample was  then cen tr ifuged for  10  min at  4000rpm at  room 

temperatur e and then transferr e d to  a  cl ean propy lene tube.  

 

5.2.2  Temperatur e -related conserva tion  

When  recru i t ing pat ien ts ,  some  of  them were r andomly ass igned 

to  th is  s ec t ion  of  the s tudy.  Selec t ion was  based  on  the ava i l abi l i ty  

of  the s amp le,  the t ime of  the surgery and read iness  fo r  ex tract ion.  

Samples  were ex tr acted as  per  the SBV procedure.  

 

5.2 .3  Cytokine and chemokine determina tions  

The inf lammatory mediators  were examined as  des cr ibed in  

Chapter  4 ,  sec t ion 3 .  

 

5.2 .4  S tat is t i cs  

All  data ar e r epor ted  as  pg  of  med ia tor  per  mg of  pro te in .  A pair ed  

t - t es t  with  a  Bonfer roni  adjus tment  w as  used to  compare the  

express ion of  protein  be tween both  t echn iques  in  the s ame pa t i ent .  

A p-value less  than 0 .05 was  cons idered s ignif icant .   

 

5 .2 .3  Results  

A tota l  of  four  CRS  pat ien ts ,  with  and  withou t  polyps ,  w ere  

inc luded  for  assess  the  va l id i ty  of  the ex tract ion technique .  In  the  

pair ed comparison of  protein  l eve ls  be tw een SBV and WS from the  

same sub jects ,  ther e was  no s igni f ican t  d if ference (p=0.16) .  Even,  i f  

ther e was  a  t r end for  l eve ls  of  p rotein  express ion in  WS to  be h igher ,  
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this  d id  not  reach s ta t is t ical  s ign if i cance .  These h igher  values  ar e  

explained by a s mal l  amount  of  overa l l  protein  in  our  samp les .  

Moreover ,  the  volume  of  WS s amples  was  smalle r  than  the volume  

obta ined  in  the  SBV procedure,  wh ich w as  always  around  1m l.  

Analys is  included  IL-5 ,  IL-8,  IL-15,  IL-17A,  IL-33 ,  MMP-9,  

RANTES and  Per ios t in  measurements ,  a l lowing for  a  to tal  o f  25  

dif fer en t  samp les  to  be analys ed (Figu re 20) .  F igure 20B shows this  

comparison  on a  logar i thmic sca le  ev idenc ing the s cat te r  of  the  

resul ts  and the non -def ined pat te rn  among  techniques .  

 

A.  
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B.  

Figure  20:  Compar ison  be tween  the  two t echn iques  of  extrac t ion:  SBV 

and  WS.  Resul ts  we re  expre ssed  a s  pg  of  p ro te in  pe r  ml  o f  so lu t ion .  

Ana lys is  inc lu ded  IL -5 ,  IL -8 ,  IL -1 5 ,  IL -17 A,  IL -33 ,  M MP-9 ,  RANTES  

and  Pe r ios t in .  No  s ig n i f ican t  d i f f e r ence  was  obse rved  be tween  b o th  

techniques  (p=0 .16) .  A :  Norma l  compar ison ;  B:  Log  r epre sen ta t io n  of  

g raphic  1A.  SBV:  Se t  buf fe r  vo lu me ;  WS:  w e igh ted  samp le  p rocedure .  

 

After  assess ing tha t  no  d if fer en t  exis t ed be tween the  ex tract ion  

techniques  recommended for  th is  ass ay,  w e turn  our  at t en t ion to  the  

conservat ion of  the samp les .  The ex tr ac t ion method –  SBV, was  

cons idered the most  pract ica l  as  tubes  can be pr ev ious ly  p repared  

and be ready fo r  the extr ac t ion s tep ,  and  therefo re,  w as  selec ted  for  

the pos ter ior  ext rac t ion of  al l  pro te in  med iators  in  th is  work.  

A total  of  three pat ien ts  and four  samples  were ava i l able for  

ana lys is  r el at ed to  the ir  conse rva t ion .  The resu l ts  ar e pr esen ted  in  

Tab le 14.  There was  a  t r end for  levels  to  dif fe r  be tween the f resh  

and f rozen samples ,  bu t  th is  d id  not  reach s ta t is t ical  d if fer ence  

except  for  IL-31 (p=0 .016,  Tab le 1 4) .  Due to  some med iators ’  

ava ilabi l i ty ,  no t  a l l  potent ia l  pro te ins  were t es ted  in  th is  s tudy.  
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Table  14:  Compar ison  of  mediators’  l eve ls  be tween  f rozen  and  f re sh  

samples .  

Med iator  Obs  (n )  Pairwise  t - t e s t  (p )  Conc lus ion  

IL-1ß  4  0 .62  Non- s ign i f ican t  

IL-4  4  0 .20  Non- s ign i f ican t  

IL-5   4  0 .37  Non- s ign i f ican t  

IL-6  4  0 .71  Non- s ign i f ican t  

IL-8  4  0 .22  Non- s ign i f ican t  

IL-9  4  0 .58  Non- s ign i f ican t  

IL-10  4  0 .30  Non- s ign i f ican t  

IL-13  4  0 .91  Non- s ign i f ican t  

IL-15   4  0 .52  Non- s ign i f ican t  

IL-17A  4  0 .55  Non-s ign i f ican t  

IL-31  4  0 .02  S ign i f ican t  

IL-33  4  0 .35  Non- s ign i f ican t  

MMP-7  4  0 .35  Non- s ign i f ican t  

MMP-9  4  0 .29  Non- s ign i f ican t  

TNF-α  4  0 .45  Non- s ign i f ican t  

IFN- γ  4  0 .44  Non- s ign i f ican t  

G-CSF   4  0 .28  Non- s ign i f ican t  

Pe r ios t in  4  0 .35  Non- s ign i f ican t  

TSLP 4  0 .59  Non- s ign i f ican t  

p -va lue s  fo r  pa i rw i s e  t - t e s t  c ompa r i s on  be tw e e n  f re s h  a nd  f roz e n  s a mp le s  fo r  

a  s a me  me d ia to r .  

 

Figure  21  shows the  express ion  l eve ls  of  IL -31 be tween  bo th  

conservat ion techn iques  for  the  same s ample.  Lines  represent  the  

var i at ion  in  express ion fo r  the  same  sample.  Therefore ,  we  can  see  

a  t r end in  IL-31 express ion –  i t  is  h igher  in  f rozen  samples  than in  

f resh ones .  This  may be due to  the ac t ion  of  proteases  which might  

be inac t ive when f reez ing the  samp le .   
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Figure  21:  Compar ison  be tween  f re sh and  f rozen  t i ssue .  The  

expre ss ion  of  IL -31  i s  compared  be tween  f r e sh  and  f rozen  samp le s  

(p=0 .016) .  

 

These r esul ts  showed us  tha t  f rozen samples  can be used for  the  

assessmen t of  b iomarkers  in  CRS samples .  This  br ings  a  faci l i ty  for  

cl in ical  pract ice as  samples  can be co ll ec ted rout ine ly  in  c l in ic  and  

processed a t  the end  of  the cl in ic  o r  when the mul t ip l ex assay is  

comple te,  dec reas ing the  cos ts  assoc ia ted with  such assay.   

 

5 .3  Int r ins ic  charac ter is t ics  

5 .4 .1  In troduct ion  

After  hav ing s et  the  pro toco l  f or  sample ana lys is ,  w e focused  on  

the op tima l  samp le character is t i cs  tha t  would a l low us  to  rou tinely  

ana lyse CRS pat ien t’s  samp les .  A ll  pat ients  inc luded in  th is  s tudy  

were scheduled for  surge ry before recrui tment .  Pa t i ents  ranged in  

symptoms sever i ty ,  ex tens ion of  the d isease and s ide presentat ion  

among o the r  cl in ica l  pres entat ions .  The col lect ion of  samp les  
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occurr ed  dur ing ESS and cons is ted  in  nas al  ( t is sue and  mucus)  and  

blood  samples .  Al l  nasa l  s amp les  co l l ected  were  r emoved for  

t reatmen t  purposes .  Therefore,  t is sue  samples  were taken  f rom ei ther  

s ide of  the nose independent ly  of  the sever i ty  and extens ion of  the  

diseas e on tha t  s ide of  the nose .  Thus ,  ass essmen t of  the  cons is tency  

of  measuremen ts  be tween the 2  s ides  o f  the nose is  of  extr eme  

impor tance ,  as  i t  is  impera t ive tha t  one s ide represen ts  the o ther  in  

bi l at era l  d is ease .  

Nasal  l avage f lu id  can s erve as  an al ternat ive and more conven ien t  

way to  s tudy CRS pathogenes is ,  a l low ing  for  b ig  coho rt  s tud ies  as  

specimens  can be readi ly  ob tained wi thout  r equ ir ing surgica l  

exc is ion.  However ,  i t  is  no t  known  whe the r  mediator  l eve ls  in  lavage  

f lu id  accurately  represen t  the levels  in  the  t is sue  i tsel f .  To  th is  end,  

we measured the same in f l ammatory med iators  in  the nasa l  l avage  

f lu id  of  pa t i ents  with  CRS  (67) .  Moreover ,  i f  pat i en ts  d i d  no t  have  

mucos a al ter at ions  tha t  needed  surgica l  excis ion,  mucus  would be an  

eth ica l  a l t erna t ive.  Therefore ,  the aim was  to  guide co llect ion  

procedures  by assess ing whether  samples  coming f rom d if fe ren t  

s ides  and t is sues  of  a  pa t i ent ’s  nose  d if fer ed in  t he med ia tors ’  

express ion or  pat te rn .  

S imul taneous ly  dur ing ESS and pr ior  to  the anaes thet ic  agen t  

adminis tra t ion ,  a  serum sample was  co ll ected.  The objec t ive of  th is  

was  to  assess  i f  CRS was  a  local  or  sys temic inf l ammation,  and i f  

serum a lone cou ld give t he same info rmat ion as  nas al  b iopsy.  I f  so ,  

th is  would also  f ac i l i t a t e  the col lect ion o f  samples  for  each pat ien t  

and decrease the t ime for  r out ine analys is .  

 

5 .4 .2  Methods  

Subjects  and bio logica l  samples  

Recru it ed pat ien ts  were ass igned to  th is  sect ion of  the s tudy if  

they  had  common  samples  for  the  par ameters  s tud ied  –  lef t  vs  r igh t  

s ide,  nasa l  mucosa  vs  mucus /mucin,  and  serum vs  nasa l  t is sue .  All  

pat ien ts  were recru i ted as  def ined on Chapter  4 ,  sec t ion 1 ,  and  
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human  samples  were ob ta ined as  previous ly  des cr ibed.  Nasa l  

samples  were extr ac ted as  def ined in  the SBV procedure ,  whil e  

serum samples  were jus t  centr ifuged,  al iquoted and f rozen  30 min  

af t er  co l l ec t ion.  

 

Measurement of  cy tokine and chemok in e  

The inf lammatory mediators  were examined as  des cr ibed in  

Chapter  4 ,  s ec t ion  3 .  T issue  pro te in  concentra t ions  were normal ised  

to  the  concen tra t ion of  to ta l  p rotein  concen tra t ion  (pg /mg  of  to ta l  

prote in ) .  

 

Stat is t i cs  

Differ ences  in  concent ra t ion  of  mediators  be twe en  d if fe ren t  s ides  

and t is sues  samples ,  as  wel l  as  between se rum and nasa l  t is sue ,  were  

eva lua ted  us ing  pa ired t - t es t  w ith  a  Bonfe rroni  ad jus tmen t  to  adjus t  

the  s ign if i cance  l eve l  fo r  each comparison .  A p-value less  than 0 .05  

was  cons idered s ign if icant .   

 

5 .4 .3  Results  

To compare the d if fe rence in  inf l ammato ry med ia tors  rel at ed to  

CRS presentat ion,  we  compared  l evels  o f  express ion betw een  l ef t  

and r ight  t is sues  within  the  same pat ien ts  (Tab le 15) .   

Although  no s igni f i can t  var i at ion betw een both  s ides  of  the  nose  

was  observed and  concen tr at ions  were  s imila r  across  both  s ides ,  one  

sample showed a d if fer ence on the med iators ’  levels  between the  

r ight  and  l ef t  s ide .  This  s amp le  corr es ponded  to  a  pat ien t  w ith  

CRSsNP and as thma,  for  whom leve ls  were incr eased on t he r igh t  

s ide for  MCP-4,  Pe r ios t in ,  G- CSF,  MPO, IL-1B,  IL-15,  IL-33,  MMP-

9 and IFN-γ .  

More,  there was  no s ignif icant  d if fer ence  in  any of  the mediators  

between nasal  t is sue (NT) and  mucus  f rom the same sub jects .  
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Table  15:  Paired  c ompar ison  of  med iators  be tween  d i f feren t  nasa l  s ide  and  t i ssue .  

Med iator  

Le f t  vs  r igh t  s ide  Nasal  mucosa  vs  mucus/muc in  

n  
Pairwise  t - t e s t  

(p )  
Conc lus ion  n  

Pairwise  t - t e s t  

(p )  
Conc lus ion  

IL-1ß  11  0 .20  Non-s ign i f ican t  20  0 .25  Non-s ign i f ican t  

IL-4  12  0 .34  Non-s ign i f ican t  20  0 .35  Non-s ign i f ican t  

IL-5  14  0 .34  Non-s ign i f ican t  21  0 .31  Non-s ign i f ican t  

IL-6  11  0 .99  Non-s ign i f ican t  21  0 .67  Non-s ign i f ican t  

IL-8  13  0 .63  Non-s ign i f ican t  21  0 .06  Non-s ign i f ican t  

IL-9  11  0 .69  Non-s ign i f ican t  21  0 .22  Non-s ign i f ican t  

IL-10  11  0 .97  Non-s ign i f ican t  21  0 .5  Non- s ign i f ican t  

IL-13  11  0 .30  Non-s ign i f ican t  21  0 .77  Non-s ign i f ican t  

IL-15  13  0 .33  Non-s ign i f ican t  21  0 .15  Non-s ign i f ican t  

IL-17A  13  0 .09  Non-s ign i f ican t  21  0 .57  Non-s ign i f ican t  

IL-25  7  0 .33  Non- s ign i f ican t  9  0 .22  Non- s ign i f ican t  

IL-31  11  0 .37  Non-s ign i f ican t  21  0 .31  Non-s ign i f ican t  

IL-32  8  0 .14  Non- s ign i f ican t  7  0 .43  Non- s ign i f ican t  

IL-33  13  0 .73  Non-s ign i f ican t  21  0 .17  Non-s ign i f ican t  

MMP-7  10  0 .63  Non-s ign i f ican t  21  0 .37  Non-s ign i f ican t  

MMP-9  14  0 .37  Non-s ign i f ican t  19  0 .52  Non-s ign i f ican t  

TNF-α  11  0 .19  Non- s ign i f ican t  21  0 .61  Non-s ign i f ican t  
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Table  15:  Paired  c ompar ison  of  med iators  be tween  d i f feren t  nasa l  s ide  and  t i ssue  ( cont . ) .  

Med iator  

Le f t  vs  r igh t  s ide  Nasal  mucosa  vs  mucus/muc in  

n  Pairwise  t - t e s t  (p )  Conc lus ion  n  
Pairwise  t - t e s t  

(p )  
Conc lus ion  

IFN- γ  11  0 .38  Non-s ign i f ican t  20  0 .23  Non-s ign i f ican t  

G-CSF  11  0 .29  Non- s ign i f ican t  21  0 .27  Non-s ign i f ican t  

IgE  4  0 .46  Non- s ign i f ican t  9  0 .53  Non- s ign i f ican t  

RANTES  11  0 .22  Non- s ign i f ican t  19  0 .40  Non-s ign i f ican t  

MPO  12  0 .78  Non- s ign i f ican t  11  0 .42  Non-s ign i f ican t  

MCP-4  12  0 .18  Non- s ign i f ican t  12  0 .16  Non-s ign i f ican t  

Pe r ios t in  13  0 .22  Non- s ign i f ican t  20  0 .05  Non-s ign i f ican t  

TSLP 11  0 .19  Non- s ign i f ican t  21  0 .76  Non-s ign i f ican t  

p -va lue s  fo r  t he  pa i r e d  c ompa r i s on  be tw e e n  l e f t  a nd  r igh t  s ide  o f  t he  n os e ,  a s  w e l l  a s  d i f fe re n t  n a s a l  s a mp le s  fo r  a  s a me  me d ia to r .  



   

 

   

 

Next ,  we w anted to  ascer t ain  i f  CRS was  a  local  or  a  sys temic  

inf l ammatory process ,  and if  serum a lone could g ive the same  

informat ion as  nasa l  b iopsy .  For  th is ,  a  to tal  o f  82 pa irs  of  samples  

were ava i lable for  the  same mediators  as  ana lysed before .   

There was  a  s ign if i can t  decrease in  the  media tors ’  express ion  in  

serum when compared wi th  nasa l  t is sue express ion (p=0.0009;  nas al  

t is sue :  1 .84 pg/mg pro te in ,  serum: 0 .11 pg/mg pro te in) .  The  

express ion l eve ls  of  the d if fer ent  media tors  in  both  t is sues  for  the  

same s amp le  shows a  t rend  where  mediato rs  are expressed h igher  in  

the nasa l  t is sue than  in  s erum  ( Figu re 22) .  There fore,  CRS is  a  

predominant ly  local ised  in f lammat ion  of  the nos e tha t  cannot  be  

inferr ed through sys temic tes ts .  

 

 

Figure  22:  Compar ison  be tween  the  two t i ssues:  nasa l  and  seru m.  

Resul t s  we re  expre ssed  a s  pg  of  p ro te i n  pe r  m g of  t o ta l  p ro te in .  L ines  

r epre sen t  the  va r ia t ion  in  expre ss ion  w i th in  the  same  sub jec t .  A  

s ign i f ican t  d i f f e r ence  was  obse rved  be tween  bo th  t i s sues  (p=0 .0009) .  
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5 .7  Discuss ion  

The  main  ob ject ive  of  th is  work is  to  elucidate the  mechan isms  

dr iving CRS pa thology.  Severa l  s tud ies  have examined  th is ,  with  

some focus ing on the  l eve ls  o f  express ion  and  others  on the  ro le  of  

cer tain  cy tokines  and chemok ines  in  th is  p rocess .  However ,  as  s t at ed  

previous ly ,  ther e has  been an ongoing deba te wi th  controvers ia l  

resul ts  across  s tudies .  As  a  resul t ,  t h is  chapter  a imed to  provide the  

r ight  too ls  for  sample process ing and ana lys is ,  guid ing the fo l lowing  

chap ters ’  ana lys is .  

The f irs t  goa l  was  to  de f ine the bes t  ex tract ion t echnique tha t  

would he lp  to  ach ieve the main goa l  of  th is  work.  We found that  

ther e were no d if fer ences  be tween  the two s tudied t echniques ,  and  

f rom a pr ac t i ca l i ty  po int  of  v iew,  the S BV procedure would sui t  

bet ter .  Th is  a l lows  a fas ter  and  s tandard ized co ll ec t ion and  

extr ac t ion  t echn ique for  the  var ious  s amp les  and inf l ammatory  

med ia tors .  

Next ,  we inves t igated whe ther  the re were any dif fer ences  be tween  

f resh and f rozen samples .  Of  the med iator s  that  were ana lysed ,  only  

IL-31 showed a s ignif icant  d if fe rence between bo th  se ts ,  be ing  

higher  in  f rozen s amp les .  Thus ,  w e conc lude  that  samples  can  be  

s tored  f rozen  af ter  co l l ec t ion un ti l  ext ract ion and  pos ter io r  ana lys is .  

These r esul ts  wil l  permit  a  bet ter  managemen t of  pat ients ’  

recru i tmen t  and samp le col lect ion and  decreas e any assoc iated cos t  

with  sh ipment of  samples .   

We nex t  inves t igated whether  the  inf lammatory  s ignatu re cou ld be  

inf luenced by the s ide of  the nos e,  s ince not  al l  pa t i ents  exper ience  

the  same s ever i ty  l eve l  on bo th  s ides  of  the nose.  In  to tal ,  no  

med ia tor  was  s ign if i can tly  e levated or  decreased  on ei ther  s ide of  

the nos e,  as  de te rmined by the pa irwise t  - tes t .  Las t ly ,  the na ture of  

the s amp le  was  though t  to  exer t  an  effect  on the l eve ls  of  b iomarkers  

extr ac ted  and  measured.  Ins tead,  our  res ul ts  showed that  even if  a  

t rend does  exis t ,  no s ign if icant  d if f erences  be tween bo th  t is sues  

were observed.  Therefore,  both  t is sues  ar e sat is fac tory fo r  ana lys is ,  
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but ,  when  poss ib le,  nasal  mucos a w il l  be p r eferr ed  over  mucus ,  s ince  

in tr a-va r i abi l i ty  in  mucosa samples  was  less  var iab le .  Moreover ,  

nasal  mucosa  is  a lso  easy to  ex tract  due to  i ts  natu re.  

In  conclus ion,  we va l idated our  in -house assay  prov ing tha t  nasal  

t is sue ,  cons erved by f reezing and ex tracted by our  in -hous e  

procedure ,  is  sat is f ac tory for  our  ana lys is  showing no dif f erence  

with  o ther  procedures  or  t is sues .  Guidel ines  for  the MACRO tr i al  

inc lude  sample col lect ion  and  extr ac t ion  ins truct ions  tha t  ar e easy  

and s imple to  under take  as  a  resu l t  of  th is  work .  

 

Key Points :  

•  Samples  wil l  be ex tracted us ing the SBV procedure in  order  to  

obta in  app roximate ly  1 ml of  ex tract ed sample ,  which  wil l  a l low for  

al l  of  our  mediator  analys is ;  

•  Samples  can be s to red af t er  col lect ion a t  -80°C,  un ti l  l a t er  

extr ac t ion and analys is ,  wi thout  s igni f icant  d if fe rence in  the  

express ion l eve ls  of  the  des ired media tors ;  

•  Levels  f rom e i ther  s ide of  the  nose  d id  not  have  s t at is t i ca l  

d if fer ences ,  a l lowing the inclus ion of  samples  f rom e i ther  s ide of  

the nose,  even if  i t  is  no t  the mo st  severe s ide ;  

•  Nasal  t is sue,  when ava il able,  wi l l  be  pre ferred  to  mucus  due  

to  i ts  na tur e and  low er  in tr a-sample  var iabi l i ty .  
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VI –  PHENOTYPES BASED ON BIOMARKER 

ANALYSIS 

 

6 .1  Int roduc tion  

Chronic rhinos inus i t is  has  been des cr ibed as  a  common chron ic  

inf l ammatory  dis ease  of  the nasa l  and  paranasa l  mucosa (23) .  As  i ts  

def in i t ion  ind icates ,  th is  cond it ion  is  a  chronic  inf lammato ry d isease  

of  the  upper  airways ,  being s imi lar  to  as thma  or  chronic  obs truc t ive  

pulmonary  dis ease,  which are  chronic inf lammatory  dis eases  of  the  

lower  airways .  As  such,  i ts  impact  on the qual i ty  o f  l i fe  is  s ign if i can t  

as  wel l  as  the cos ts  assoc ia ted w ith  i t  (30 ,153) .  

The c l in ical  pr esen ta t ion of  CRS has  been  explored previous ly  in  

th is  work,  ind icat ing tha t  CRS is  pr imari ly  a  medica l  problem.  Due  

to  i ts  he te rogenei ty ,  researchers  and cl in icians  have been try ing to  

class ify  CRS in to  pheno types  that  can be eas i ly  managed and  tr ea ted.  

Therefore,  s everal  s tud ies  have been  try ing  to  des cr ibe  and  

categor ize CRS  phenotypes ,  as  th is  is  a  c r i t ica l  s tep  in  de te rmining  

optima l  t r ea tment ,  e i ther  med ical  or  surgical .  

These pheno types  emerged f rom i ts  v isual  cl in ical  charac ter is t ics ,  

the  pres ence o f  nasa l  po lyp s ,  as  CRS wNP or  CRSsNP.  S everal  

s tudies  have a t temp ted to  character is e the  role  o f  var ious  cy tok ines  

in  the pathogenes is  o f  CRS,  descr ib ing  the  exp ress ion  l eve ls  of  

numerous  molecules  in  both  blood and nasal  specimens  of  pat ients  

with  CRS.  The pr esen t  s tud y inves t iga ted the leve ls  of  seve ral  

prote ins ,  in  nasa l  mucosa ,  and the ce l l  count  of  eos inophi ls  and  

neutrophi ls  in  blood.  

 

6 .2  Methods  

6 .2 .1  Sub jec ts  

Adult  pa t i ents  were recrui ted and included  as  descr ibed in  Chapter  

4 .  
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6 .2 .2  T issue col lect ion  

Nasal  t is sue s amp les  were col lec ted and processed accord ing to  

the val ida ted method for  th is  s tudy .  

 

6 .2 .3  Measuremen t of  inf lammatory  mediators   

For  t is sue  analys is ,  we  ass essed 27 biomarkers  (Table  16)  based 

on our  prev ious  l i t era tur e rev iew.  Thes e cho ices  were based on  

speci f ic  inf lammato ry pat terns  known on CRSwNP and CRSsNP 

pat ien ts .  Concentr at ions  of  Per ios t in ,  M CP-4,  ECP,  MPO and IgE  

were assessed us ing commercia l ly  ava i lable ELISA k its  f rom 

Invit rogen ( Thermof isher  S cient if i c ,  Mas sachuse t ts ,  Un ited S ta tes ) .  

Concentr at ion of  the  remaining  biomarkers  were assayed  with  the  

Luminex  200  sys tem (Luminex Corporat ion,  Aus tin ,  USA) .  

Concentr at ions  of  t is sue homogenates  were expressed  as  pg versus  

mg of  to ta l  pro te in  (detec ted by BCA ass ay) .  E xpress ion l eve l  l ess  

than  the detec t ion l imit  were g iven a  value equa l  to  0  for  con tinuous  

ana lys is .  

 

Table  16:  B iomarker s  analysed .  

Category  Biomarker  

Ant i - in f lammatory  cytokine  IL-10  

Pro- in f lammatory  cytokines  IL-1ß ,  IL -6 ,  TN F-  and  IL-32  

Th1-assoc iated  cytokine  IFN- γ  

Th2-assoc iated  cytokine s  

IL-4 ,  IL -5 ,  IL -13 ,  IL -17E /25 ,  IL -

31 ,  IL -3 3 ,  TSLP,  IgE  and  

Pe r ios t in  

Th9-assoc iated  cytokine  IL-9  

Th17-assoc iated  cytokine  IL-17A  

Neutroph i l -assoc iated  IL-8  and  M PO  

Eosinoph i l -as soc iated  cytokine s  
Eotax in ,  E CP,  MC P-4  and  

RANTES  

Lymphoid  growth  fac tor  IL-15  

Hematopoie t ic  progen itor  

growth  fac tor  

Granulocy te  co l ony - s t imu la t ing  

f ac tor  (G-CSF)  

Metal loprote inases  MMP-7 and  MM P-9  
IL ,  i n t e r l e u k in ;  IFN -γ ,  i n t e r fe r on -γ ;  T S LP,  t hy mic  s t roma l  l ympho po ie t i n ;  G -

C SF,  g ra nu loc y te  c o lon y -s t im u la t in g  fa c to r ;  T N F - ,  t umor  ne c ros i s  f a c to r   ;  

M M P,  me ta l lop ro t e ina s e ;  M C P - 4 ,  monoc y te  c he mota c t i c  p r o t e in -4 ;  M PO ,  

mye lope ro x ida s e ;  I gE,  immun og lobu l in  E ;  EC P,  e os inoph i l  c a t ion ic  p ro t e i n .  
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6 .2 .4  Co ll ec t ion  of  c l in ical  da ta  

A deta i l ed h is tory  w as  t aken f rom al l  the par t i cipan ts ,  as  

explained pr evious ly  (Chap ter  4 ) .  Blood  count  r esul ts  were also  

consul ted  for  each pat ien t ,  and  eos inophil  and neut rophi l  b l ood  

count  va lues  were extr ac ted  and analysed .  

 

6 .2 .5  S tat is t i ca l  ana lys is  

S tat is t ica l  analys is  was  carr ied ou t  us ing  RStudio ve rs ion 1 .2 .13  

(RStudio,  Inc. ) .  The  normal i ty  was  ass essed by Shapi ro -Wilks  tes t .  

S ince  not  a l l  b iomarkers  fo l low ed a normal d is tr i but ion,  non-

parametr i c  t es ts  w ere  chos en.  The  Wilcoxon tes t  was  used to  

compare the leve ls  of  in ter leukins  between pat ien ts  with  CRS  

(CRSwNP and CRSsNP) and  cont rols .  Kruskal - Wal l is  was  employed  

to  compare cy tok ine levels  betw een  the d if fer ent  groups  of  pa t ien ts  

(CRSsNP,  CRSwNP and contro l) .  

The Spearman corr elat ion coeff ici en t  was  used to  assess  the level  

of  l inear  dependence be tween biomarker s .  Data were express ed as  

mean ± SD.  A p-value  l ess  than  0 .05  was  cons idered  as  s t at is t i ca l ly  

s ignif icant .  

 

6 .3  Resu lts  

One hundred and th ir t een pa t i ents  me t  the inclus ion c r i ter ia  and  

had an  adequa te amount of  t is sue col lected to  carry  out  al l  i n tended  

ana lys is .  Therefore ,  they were enro l l ed fo r  cytok ine and chemokine  

process ing a t  th is  s tage.  Of  these,  78 pat ien ts  were d iagnosed wi th  

CRSwNP,  16 with  CRSsNP,  and 19 were con tro ls .  Cl inica l  and  

demograph ic  character is t i cs  of  included  pat ien ts  a re  pres ented in  

Tab le 17 .   
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Table  17:  Demograph ic s  and  c l in ica l  c harac ter is t ic s  o f  case s  and  

contro l  subjec t s  (n=113) .  

 CRSwNP CRSsNP Contro l  

n  78  16  19  

Age  (mean ,  

years ;  range ,  

years)  

62 .8  

(33-82)  

44 .9   

(25-80)  

39 .4   

(21-76)  

Sex  ( % male )  57 .7  62 .5  47 .4  

Propor t ion  

ever  smoker  

(%)  

42 .3  31 .3  57 .9  

Propor t ion  

current  smoker  

(%)  

2 .6  6 .3  21 .1  

Propor t ion  

with  a l lergy  

(%)  

52 .6  12 .5  10 .5  

Propor t ion  

with  asthma 

(%)  

52 .6  25 .0  10 .5  

Propor t ion  

with  asp ir in  

sens i t iv i ty  (%)  

23 .1  0 .0  10 .5  

 

Pati ents  w ith  CRS wNP presen ted  a t  a  s ignif i can tly  higher  age .  

None of  the o ther  basel ine charac ter i s t ics  d if f er  s ign if i can tly  

between groups  ( r esul ts  not  show n) .  

The mean concentr at ion for  each ana lyte  was  compared be tween 

groups  (Table 18) .  For  the  29 in f lammatory markers  ana lysed ,  pa ired  

Wilcoxon  t es ts  were  performed  to  calcu late  the  p -values .  Of  the  

tes t ed analy tes ,  14 had s t at is t i ca l ly  s igni f icant  d if fer ences  be tween  

the thr ee g roups  (Tab le  18) .  Thes e inc luded the fol lowing :  IL-1ß,  

IL-4,  IL -8,  IL- 13,  IL- 15,  IL- 32,  IL- 33,  I FN-γ ,  G-CS F,  TNF-  ,  MMP-

7,  RANTES,  P er ios t in  and IgE.  A mong the  14 b iomarkers ,  5  

biomarkers  ar e cy tok ines  associated wi th  T H2 immune r espons e.  The  

remain ing analy tes  that  were dif f er ent ia l ly  pr esent  inc luded pro -

inf l ammatory cy tok ines ,  T H1-associated cytok ine ,  neu troph il -  and  

eos inophil - re la ted chemokine,  lymphoid growth f ac tor ,  

hematopo ie t i c  progen itor  growth  factor  and a metal lopro te inase .   

More,  w e also  inves t iga ted  the  di f fer ences  in  concentr at ion  l eve ls  

between the d if f eren t  groups .  These are  summarised on Tab le 18.   
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Table  18:  Molecu lar  prof i le s  in  s inonasa l  mucosa  of  CRS and  contro l  groups .  Resu lts  are  presented  as  mean  ±  S D. 

M e d i a t o r s  n  C R S w N P  C R S s N P  C o n t r o l  
O v e r a l l  p -

v a l u e  

C o n t r o l  v s  

w N P  

C o n t r o l  v s  

s N P  

w N P  v s .  

s N P  

I L - 1 ß  1 0 8  7 x 1 0 - 4  ±  1 . 7 x 1 0 - 3  
1 . 7 x 1 0 - 2  ±  

6 . 1 x 1 0 - 2  

1 . 4 x 1 0 - 3  ±  

2 . 9 x 1 0 - 3  
0 . 0 2  N S  N S  < 0 . 0 1  

I L - 4  1 0 6  
1 . 1 x 1 0 - 4  ±  

3 . 2 x 1 0 - 4  9 x 1 0 - 5  ±  2 . 2 x 1 0 - 4  8 . 5 x 1 0 - 4  ±  

1 . 3 x 1 0 - 3  0 . 0 1  < 0 . 0 1  < 0 . 0 5  N S  

I L - 5  1 1 3  0 . 1 5 9  ±  1 . 3 9 4  0 . 0 0 3  ±  0 . 0 0 6  0 . 0 0 2  ±  0 . 0 0 3  0 . 1 9  N S  N S  N S  

I L - 6  1 0 8  0 . 0 0 8  ±  0 . 0 4  0 . 0 1 6  ±  0 . 0 4  0 . 0 0 7  ±  0 . 0 2  0 . 2 8  N S  N S  N S  

I L - 8  1 1 3  0 . 0 0 4  ±  0 . 0 1 3  0 . 1 9 5  ±  0 . 7 8 6  0 . 0 0 2  ±  0 . 0 0 4  0 . 0 2  < 0 . 0 1  < 0 . 0 5  N S  

I L - 9  1 0 8  
8 . 2 x 1 0 - 4  ±  

1 . 8 x 1 0 - 3  
4 1 . 0  ±  1 6 4 . 0  

9 . 2 x 1 0 - 4  ±  

1 . 8 x 1 0 - 3  0 . 9 0  N S  N S  N S  

I L - 1 0  1 0 8  
5 . 9 x 1 0 - 5  ±  

2 . 5 x 1 0 - 4  

9 . 4 x 1 0 - 4  ±  

3 . 8 x 1 0 - 3  

1 . 5 x 1 0 - 4  ± 2 . 8 x 1 0 -

4  0 . 0 5  < 0 . 0 1  N S  N S  

I L - 1 3  1 0 7  
7 . 2 x 1 0 - 5  ±  

1 . 7 x 1 0 - 4  

1 . 9 x 1 0 - 5  ±  

4 . 6 x 1 0 - 5  

1 . 0 x 1 0 - 4  ±  

1 . 5 x 1 0 - 4  < 0 . 0 1  < 0 . 0 1  < 0 . 0 1  N S  

I L - 1 5  1 1 3  1 . 5 x 1 0 - 3  ±  0 . 0 0 5  2 . 3 x 1 0 - 4  ±  0 . 0 7  5 . 5 x 1 0 - 3  ±  0 . 0 1  < 0 . 0 1  < 0 . 0 1  N S  < 0 . 0 5  

I L - 1 7 A  1 1 2  
3 . 8 x 1 0 - 4  ±  

1 . 0 x 1 0 - 3  

2 . 3 x 1 0 - 3  ±  

6 . 3 x 1 0 - 3  

6 . 9 x 1 0 - 4  ±  

1 . 3 x 1 0 - 3  
0 . 0 6  < 0 . 0 5  N S  N S  

I L - 1 7 E / 2 5  7 0  
1 . 4 x 1 0 - 5  ±  

1 . 9 x 1 0 - 5  

7 . 5 x 1 0 - 5  ±  

1 . 4 x 1 0 - 4  

6 . 4 x 1 0 - 5  ±  

1 . 4 x 1 0 - 4  
0 . 6 6  N S  N S  N S  

I L - 3 1  1 0 8  0 . 0 0 2  ±  0 . 0 0 5  0 . 0 4 7  ±  0 . 1 6  0 . 0 0 4  ±  0 . 0 0 6  0 . 1 4  < 0 . 0 5  N S  N S  

I L - 3 2  9 0  0 . 0 0 4  ±  0 . 0 1 9  0 . 0 1 7  ±  0 . 0 2 7  0 . 0 2 8  ±  0 . 0 7 8  0 . 0 1  < 0 . 0 5  N S  < 0 . 0 5  

I L - 3 3  1 1 2  0 . 0 7  ±  0 . 1 5  0 . 8 8  ±  1 . 3 2  0 . 5  ±  1 . 2 9  < 0 . 0 1  < 0 . 0 1  N S  < 0 . 0 5  

I F N - γ  1 0 8  4 x 1 0 - 4  ±  0 . 0 0 1  1 . 7 x 1 0 - 2  ±  0 . 0 4 3  6 x 1 0 - 3  ±  0 . 0 1 6  < 0 . 0 1  < 0 . 0 1  N S  < 0 . 0 1  

T S L P  1 0 8  9 x 1 0 - 4  ±  0 . 0 0 2  2 . 8 x 1 0 - 3  ±  0 . 0 0 6  2 . 5 x 1 0 - 3  ±  0 . 0 0 4  0 . 1 9  N S  N S  N S  
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Table  18:  Molecu lar  prof i le s  in  s inonasa l  mucosa  of  CRS and  contro l  groups .  Resu lts  are  presented  as  mean  ±  SD 

(cont . ) .  

M e d i a t o r s  n  C R S w N P  C R S s N P  C o n t r o l  
O v e r a l l  p -

v a l u e  

C o n t r o l  v s  

w N P  

C o n t r o l  v s  

s N P  

w N P  v s .  

s N P  

G - C S F  1 0 8  0 . 0 0 4  ±  0 . 0 2  0 . 3 7 0  ±  1 . 3 2  0 . 0 0 9  ±  0 . 0 3  < 0 . 0 1  N S  < 0 . 0 5  < 0 . 0 1  

T N F -   1 0 8  
7 . 1 x 1 0 - 4  ±  

2 . 8 x 1 0 - 3  

5 . 1 x 1 0 - 4  ±  

1 . 0 x 1 0 - 3  

4 . 8 x 1 0 - 4  ±  

8 . 7 x 1 0 - 4  
< 0 . 0 1  < 0 . 0 5  N S  < 0 . 0 1  

M M P - 7  1 0 8  0 . 0 8  ±  0 . 1  0 . 5 9  ±  1 . 6  0 . 0 5  ±  0 . 1  < 0 . 0 1  < 0 . 0 1  < 0 . 0 1  N S  

M M P - 9  1 0 8  0 . 0 3 1  ±  0 . 0 8 9  0 . 4 4 4  ±  1 . 1 6 7  0 . 0 3 7  ±  0 . 0 8 7  0 . 4 8  N S  N S  N S  

R A N T E S  1 0 7  0 . 0 1 6  ±  0 . 0 4  0 . 1 0 3  ±  0 . 1 5  0 . 1 1 5  ±  0 . 2 1  < 0 . 0 1  < 0 . 0 1  N S  < 0 . 0 1  

P e r i o s t i n  1 1 3  2 . 6 0  ±  5 . 4 7  1 0 . 3 1  ±  1 5 . 1 3  1 3 . 7  ±  2 3 . 4 0  < 0 . 0 1  < 0 . 0 1  N S  N S  

M C P - 4  7 7  0 . 0 0 8  ±  0 . 0 1  0 . 0 1 0  ±  0 . 0 1  0 . 0 2 0  ±  0 . 0 4  0 . 7 5  N S  N S  N S  

M P O  1 0 4  1 5 . 4 8  ±  5 3 . 1 8  7 6 . 1 9  ±  2 2 3 . 8 0  2 4 . 6 0  ±  4 7 . 0 9  0 . 6 1  N S  N S  N S  

I g E  9 0  0 . 9 6  ±  2 . 5 6  2 . 2 8  ±  8 . 7 9  1 . 2 3  ±  5 . 0 9  < 0 . 0 1  < 0 . 0 1  N S  < 0 . 0 1  

E C P  7 4  
1 7 . 1 9  ±   

3 9 . 7 7  
9 2 . 7 7  ±  2 9 3 . 4 3  6 8 . 5 8  ±  1 5 4 . 5 4  0 . 8 5  N S  N S  N S  

E o t a x i n  6 1  0 . 0 0 4  ±  0 . 0 1 6  0 . 0 0 2  ±  0 . 0 0 3  0 . 0 0 3  ±  0 . 0 0 5  0 . 8 6  N S  N S  N S  

E o s i n o p h i l s  9 8  0 . 3 5 2  ±  0 . 3 5  0 . 2 2 0  ±  0 . 1 9  0 . 1 9 2  ±  0 . 1 1  0 . 3 9  N S  N S  N S  

N e u t r o p h i l s  9 8  5 . 7 3 6  ±  2 . 6 6  4 . 3 8 8  ±  1 . 4 4  4 . 0 5 1  ±  1 . 1 4  0 . 0 5  < 0 . 0 5  N S  N S  

IL ,  i n t e r l e uk in ;  I FN -γ ,  i n t e r fe ron -γ ;  T S LP,  t hy mic  s t roma l  l y mphopo ie t in ;  G -C S F,  g ra nu loc y t e  c o lony - s t imu la t ing  fa c to r ;  T N F -  ,  

t umor  ne c ros i s  f a c to r   ;  M M P,  me ta l l op ro t e ina s e ;  M C P -4 ,  monoc y te  c he mota c t i c  p ro t e in -4 ;  M PO ,  mye lope ro x ida s e ;  IgE,  

immunog lobu l in  E ;  EC P,  e os inop h i l  c a t ion ic  p ro t e in .  A n  ove ra l l  p -va l ue ,  i nd i c a t ing  the  d i f fe re nc e  be tw e e n  C R S pa t i e n t s  a nd  c on t ro l s ,  

w a s  ob ta ine d  u s ing  the  W i lc o xon  t e s t .  O ve ra l l  p -va lue  < 0 .05  ind ic a t e s  t ha t  a t  l e a s t  o ne  C R S g ro up  w a s  d i f fe re n t  f r om the  c o n t ro l s .  

C on t ro l  v s  w N P :  p -va lue  be tw e e n  C on t ro l  g roup  a nd  C R Sw N P;  C on t r o l  v s  s N P:  p -va lue  be tw e e n  C on t ro l  g roup  a nd  C R Ss N P ;  w N P vs .  

s N P:  p -va l ue  be tw e e n  C R Sw N P a nd  C R Ss N P  g ro up .  
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Pat i ents  pres ent ing  CRS w ith  nas al  po lyps  had s igni f i can tly  

decreased leve ls  of  IL -15,  IL- 32,  IL -33,  IFN-γ ,  RAN TES and IgE,  in  

comparison w ith  cont rols  and other  cas es  withou t  nas al  po lyps ,  

whereas  TNF-  was  s ta t is t ical ly  s ignif icantly  h igher  in  the CRSwNP 

group than in  the  o ther  two  groups  (p  < 0 .001) .  More,  we cou ld also  

observe  that  th is  group  had s ignif icant ly  lower  concen tra t ions  than  

control  subjects  of  I l -4 ,  IL-8,  IL-10 ,  IL-13,  IL-17A,  TS LP,  and  

Per ios t in ,  and had a s igni f ican t  h igher  concen tra t ion o f  MMP-7 and  

neutrophi ls  than cont rols .  

On the other  hand,  pat ien ts  wi th  CRSsNP  presen ted  s ign if i can tly  

higher  levels  of  G -CSF than  contro l  or  CRSwNP subjec ts .  Moreover ,  

CRSsNP subjec ts  a lso  pr esen ted  higher  concentr at ion levels  than  

controls  of  the fo l low ing b iomarkers :  IL- 13,  IL- 8 and MMP-7,  and  

lower  levels  of  IL-4 .  IL- 1  ß  pr esen ted d if feren t  l eve ls  on ly  between  

CRS groups ,  being  markedly inc reas ed in  pat ien ts  with  CRSsNP .  

S ignif icant ly  h igher  levels  o f  T H 2-associa ted cy tokine ( IL -13)  

was  found in  contro l s  than in  bo th  CRS groups  (Table 18) .  

 

Corre lat ion of  cytokin es  with  cl in ica l  f eatures  

Accord ing to  ou r  resul ts  f rom Chap ter  3 ,  w e ana lysed the po ten ti al  

rel at ionship  of  ou r  mediato rs  with  one anothe r  and  wi th  some key  

cl in ical  featur es .  Resu lts  f rom the Spearman’s  corre la t ion analys is  

are pr esen ted  in  Tab le  19.   

The s tronges t  pos i t ive corre la t ions  appeared to  be be tween IL-

1ß/IL -8 and MMP-7/MMP-9.  Negat ive  corr elat ions  were noted  

between IL- 1ß/neut rophi l  count ,  IL -15 with  bo th  ce l ls  (neutrophi l  

and eos inophi l  count ) ,  IL-31  with  al lergy  and as thma,  

Per ios t in /eos inoph il ,  MPO/neutrophi l  count  and MCP -4 /eos inoph il  

count ,  wi th  on ly  th is  one  be ing s ignif icat ive.  All  o ther  corr elat ions  

were weakly pos i t ive and no t  s ign if ica nt .   
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Table  19:  Corre lat ion  be tween  re levant  b iomarkers .  

 p -va lue Corre lat ion  coe f f ic ient  

IL-1ß  with  neutroph i l  count  NS  r=-0 .14  

IL-5  with  eos inoph i l  count  NS  r=0 .3  

IL-8  with  neutroph i l  count  NS  r=0 .16  

IL-8  with  I L-1ß  2 .2x10 - 6  r=1  

IL-13  with  eos inoph i l  count  NS  r=0 .12  

IL-15  with  eos inoph i l  count  NS  r=-0 .14  

IL-15  with  neutroph i l  count  NS  r=-0 .072  

IL-31  with  a l lergy  NS  r=-0 .16  

IL-31  with  asthma  NS  r=-0 .06  

MMP-7 with  MMP -9 1 .4x10 - 5  r=0 .41  

Per iost in  with  eos inoph i l  

count  
NS  r=-0 .079  

MCP-4 with  eos inoph i l  count  0 .0069  r= -0 .32  

MPO with  neutroph i l  count  NS  r=-0 .1  

ECP with  eos inoph i l  count  NS  r=0 .14  

Eotaxin  with  eos inoph i l  

count  
NS  r=0 .19  

A  p -va lue  ≤  0 .0 5  w a s  c ons ide re d  s ign i f i c a n t ;  N S ,  no t  s ign i f i c a n t ;  r ,  s pe a rma n  

c o r re l a t i on  

 

 

To unders tand who was  dr iv ing these “ tendenc ies ”,  we analys ed  

these corr ela t ions  with in  the specif ic  groups  (or  phenotypes) .  

Resul ts  can be  seen  in  F igure 23.   
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Figure  23:  Corre lat ion  analys is :  be tween  IL -1B/neut roph i l  coun t  (A) ,  

IL-8 /neu t rophi l  count  (B) ,  M PO/ neut rop hi l  count  ( C) ,  and  IL -

15/neu t roph i l  coun t  (D) ,  IL-15 /eos ino phi l  count  ( E) ,  IL-13 /eos ino phi l  

count  (F) ,  Pe r ios t in /eos inoph i l  count  (G) ,  MCP -4 /eos ino phi l  count  (H) ,  

Eotax in /eos inoph i l  coun t  ( I) ,  E CP / eos inophi l  count  ( J ) ,  

eos inophi l /neu t rophi l  counts  (K) ,  and  MM P -9/MM P-7  (L) .  Graphica l  

r epre sen ta t ion  in  each  ind iv idua l  g roup .  

 

In  general ,  CRSsNP was  respons ib le for  dr iving the corr elat ion  

between d if f eren t  b iomarkers  and neutrophil  coun ts  ( IL-1ß,  IL-8 ,  IL -

15,  MPO).  Moreover ,  i t  w as  also  the  one group show ing the  

corre la t ion found on Tab le  19 betw een  the two metal lopro te inases  

and be tween ECP and neu troph il  counts .  CRSwNP was  the pheno type  

forming a d is t inct ive pa t te rn  in  Eotaxin /eos inophi l  count  (F igure  

23I)  and  be tween eos inoph il /neu trophil  count  (F igure  23K).  

In  add it ion,  looking into  each  spec if i c  g roup  for  

Per ios t in /eos inoph i l  coun t ,  only  the control  group presen ted  i ts  

known corr elat ion  (147) .  CRSwNP displayed a smal l  pos i t ive  

corre la t ion coeff i ci ent ,  showing  that  eos inophils  might  incr eas e wi th  

Per ios t in  in  these pat i en ts  (F igure 23G);  while  MCP -4/eos inophi l  

count  sugges ted tha t  eos inophi ls  incr ease  with  MCP - 4 express ion  in  

al l  CRS groups  (Figu re 23H) .  

To con tinue w ith  our  inves t igat ion,  we turn  now to  the corr elat ion  

between know med iators  and i ts  assoc iated  c l in ical  character is t i cs  

tha t  have  been  descr ibed  in to  chapter  3 .  We corr elat ed  the p resence  

of  al lerg ic and AERD synd romes  with  IL -10 l evels  (Figure 24 ) ,  

which showed tha t  IL-10 tended to  be decreas ed in  the pr esence of  

these  comorb idi t i es .  
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Figure  24:  Corre lat ion  matr ix  o f  IL -10 ,  A ERD and  a l lergy  syndrome .  

The  a rea  o f  the  c i r c le s  in  the  uppe r  pa r t  o f  t he  f igure  shows the  abso lu te  

va lue  of  the  cor r e spondi ng  cor r e la t io n  coe f f ic ien ts ,  and  t he  lower  pa r t  

shows the  exac t  cor r e la t ion  coe f f ic ien ts  be t ween  ea ch  pa i r .  

 

As  both  TNF-   and IL-6 ar e pro- inf l ammatory cytokines ,  and in  

chap ter  3 ,  IL-17A  was  descr ibed  as  an inducer  of  both  cy tokines ,  w e  

inves t igated the r el at ionship  betw een the thr ee.  The resu l ts  ar e  

presen ted in  Figure 2 5.  The Spearman corr ela t ion co eff i ci ents  of  IL-

17A with  both  pro - inf l ammatory  cy tokines  sugges t  tha t  IL - 17A  

increases  their  pr esence when i t  is  increased i ts elf .  Moreover ,  the  

Spearman coef f i cient  fo r  TN F- / IL-6 sugges ted that  TNF -  tended  

to  increase along wi th  IL -6.  
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Figure  25:  Corr e lat ion  matr ix  o f  TNF - ,  IL-17A and  I L-6 .  Circ le  a r ea  

in  the  up pe r  pa r t  o f  the  f igure  sh ow the  abso lu te  va lue  of  cor r e spondi ng  

cor r e la t ion  coe f f ic ien ts ,  and  the  lower  pa r t  shows the  exac t  cor r e la t ion  

coe f f ic ien ts  be tween  each  pa i r .  

 

6.4  Discuss ion  

In  the  p res ent  s tudy,  we compared the prof i les  of  d if f erent  

immunologic markers  according to  the  c l in ical  phenotypes  (CRSsNP  

and CRSwNP) .  Thes e biomarkers  w ere  identif ied  prev ious ly  through  

a sys temat ic  r eview (Chapter  3) ,  which resul ted in  35 b iomarkers  to  

be ana lysed.  However ,  s ix  b iomarkers  could not  be  tes ted  in  these  

ana lyses :  S taphylococca l  entero toxin - speci f ic  IgE  (SE- IgE) ,  

t ransforming g rowth  facto r  beta 1  (TFG - ß1) ,  neop ter in ,  endo the l in  

(ET) 1 ,  S ig lec -8 or  SA F-2,  and a lbumin.  Whi le  SE-IgE,  N eopter in  

and albumin were  not  t es t ed due to  a  l ack  of  resources  ( e .g . :  l ack of  

funding or  commercial  detec t ion k i t  no t  ava i lable) ,  the other  thr ee  

were no t  t es t ed due to  the l imited sample ava i labi l i ty .  

I t  has  been r epor ted  that  CRSsNP is  d r iven by a pr edominant  TH1-

skewed response,  whereas  CRSwNP were class if i ed in to  2  sub types  

(e-CRSwNP: T H2-dominan t  r esponse w ith  eos inophi l  inf i l t ra t ion ;  
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and ne-CRSwNP: mixed T  cel l  subse ts  with  neu troph il ic  inf i l t ra t ion )  

(21,63,65–70,75) .  Both CRSwNP and s NP  exhibi t  cons iderab le  

heterogene ity  in  the na ture of  the inf l ammatory r esponse betw een  

indiv iduals  due to  gene ti c ,  ep igene ti c ,  and envi ronmental  f ac tors  

(Chap ter  1) .  Therefore,  in  th is  s tudy,  w e inves t iga ted  the pa t t erns  o f  

s inus  mucosa l  inf l ammation in  adul t  pat ients  wi th  CRS to  ve r ify  the  

accuracy of  these  f indings .   A lthough  we  recrui ted  pa t i en ts  on ly  at  

one s i te ,  we  be l i eve  these pat ients  to  be r epresen ta t ive of  the curr ent  

CRS UK populat ion as  th is  popu lat ion which is  incr eas ingly  mixed  

and var i ed in  sever i ty  and c l in ical  fea tur es .  

A total  of  113 pat ien ts  were tes ted  in  th is  s tudy across  al l  ana lysed  

biomarkers .  However ,  some s amp les  produced  a r esul t  of  “no t  a  

number”,  which cou ld no t  be analysed s t at is t i ca l ly  and ar e therefo re  

not  inc luded in  these ana lyses .  In  ou r  s tudy,  we emp loyed the s ame  

techniques  va l ida ted in  o ther  s tud ies  -  Luminex  t echno logy  (as  

explained pr evious ly)  and ELISA techn ique,  which a l low ed us  to  

ana lyse up to  27 human pro te ins  re la ted to  inf l ammat ion in  CRS and  

hea l thy subjects  in  one s ingle sample .   

In  th is  s tudy,  we  s tar ted by inves t iga t ing the T H1  and  T H 2-

associated cy tokines .  The f irs t  group,  composed by IFN-γ ,  ac ts  to  

promote the T H1 immune response and  to  induce ce l l  apoptos is  

(63,66,70,73,75,120–122 ,126) .  A cross  groups ,  i ts  express ion levels  

were overal l  s ignif icant ly  el eva ted in  CRSsNP and decreas ed in  

pat ien ts  pres ent ing nasa l  po lyps ,  pr esen t ing s ignif icant  d if f erence  

between CRS groups  ag reeing wi th  in i t ia l  s tudies  by Van Zele e t  a l .  

in  Be lgium (66 ,154)  and d isagree ing wi th  other  groups ,  wh ich do not  

descr ibe an  e levat ion of  IFN -γ in  CRSsNP  (58,67,155,156) .  

The  l at es t  group,  which included  IL -4 ,  IL- 5,  IL-13,  IL- 17E/25,  IL-

31,  IL-33,  TSLP,  IgE and P er ios t in ,  pr esented dif f erent  pa t t erns  

across  groups .  Firs t ly ,  IL -4,  one  of  our  mandatory b iomarkers  and  

found to  have a ro le  in  the induct ion of  T H2 dif f eren ti at ion and IgE  

class  swi tching  (chapter  3) ,  was  di scovered  to  be  s ign if i can tly  

decreased in  our  CRS popu lat ion  (bo th  groups)  when  compared  with  
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the con trols .  Th is  f inding d isagrees  wi th  most  l i t era ture  s tud ies  (65) ,  

and wi th  wha t  is  known on CRS tr ea tmen t ,  as  Dup ilumab is  known  

to  block IL-4 s igna l ,  wh ich in  our  coho r t  was  no t  increased.  IL-5  

level  was  almost  100 -fold  super ior  in  CRSwNP when compared to  

the o the r  groups  and s igni f ican tly  h igher  than con trol s .  Th is  agrees  

with  severa l  o the r  s tudies  (65,77,123,157 ) ,  as  i t  is  assoc ia ted  wi th  

eos inophils  (115,117,120,121)  and ther efore,  i t  w as  expec ted  to  be  

incr eased in  pa t i ents  pr esen ting NP.  Due to  i ts  ro le  in  the  

pathophys io logy of  CRS,  w e co rre la ted i t s  levels  wi th  eos inophi ls ,  

but  the  low  cor relat ion  observed  sugges ts  that  IL - 5 var i at ion is  

unexp lained by the eos inophi l  coun t  in  th is  cohort ,  with  no par t i cular  

group be ing respons ib le for  th is  ( f igure not  shown) .  The nex t  T H2-

associated cytokine w as  IL -13,  desc r ibed  prev ious ly  as  r espons ib le  

for  the r ecrui tment ,  act ivat ion and surv ival  of  eos inoph ils  and mas t  

cel ls ,  and i t  is  expected to  be  increased in  inf l ammatory and a l l erg ic  

reac t ions .  Severa l  s tud ies  have descr ibed i ts  inc rease in  CRS 

diseas e,  more so  on pat ien ts  presenting wi th  CRSwNP  

(155,158,159) ;  however ,  our  r esul ts  show ed tha t  pa t i ents  with  CRS  

presen ted lower  l eve ls  of  IL -13 than the contro ls ,  with  pat ien ts  with  

NP showing a higher  level  than pat ien ts  withou t  NP.  Wi th  th is ,  we  

also  inves t iga ted the r el at ionship  betw een eos inophi l  and IL -13  

levels  and obs erved tha t  IL-13 tended to  incr ease a long wi th  the  

eos inophils  coun t  only  on CRSwNP pat ients ,  which agrees  wi th  the  

rel at ionship  descr ibed in  the l i ter atu re between the two (159) .  IL-

17E or  IL-25 was  des cr ibed as  an inducer  of  TH 2 respons es  while  

inhib i t ing the T H 1 and T H 17 ce l l  r esponses  (chapter  3) ,  and el ic i t ing  

an overproduc tion of  IL -4,  IL- 5,  and  IL- 13 (160 ) .  Moreover ,  i t  h as  

been descr ibed as  playing  a crucia l  ro le  in  the pa thogenes is  of  

CRSwNP in  Asian pa t i ents  (143,161) .  However ,  due to  the  l imited  

amoun t of  analys is ,  these corre la t ions  were not  inves t iga ted ,  and  our  

resul ts  showed the oppos i te ,  but  our  popula t ion was  no t  in  i ts  

major i ty  Asian,  which can exp la in  such  di f ferences .  
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IL-31  was  p rev ious ly  descr ibed  as  associa ted  wi th  eos inoph il  

levels  in  serum in  a l l ergi c as thma and rhini t is  ( 115) ,  as  wel l  as  

exer t ing  a  funct ion  on  mucus  p roduc tion .  Therefore,  in  th is  s tudy w e  

s tudied i ts  poss ible  act ion on CRS.  We obs erved tha t  i t  was  increased  

in  pat ients  without  NP and decreas ed in  pat ien ts  with  NP.  Even if  

th is  med ia tor  has  no t  been descr ibed in  CRS yet ,  i t  has  been repor ted  

to  act  in  immune med ia ted and al lerg ic  diseas es  such as  as thma,  

al l erg ic rh ini t is ,  ur t icar i a ,  de rmati t is ,  among others  (115,162,163 ) .  

Here ,  w e corre la ted IL -31 levels  wi th  the pr esence of  as thma and  

al l ergy  to  ve r ify  th is  ac t ion w ith in  CRS .  However ,  ou r  res u l ts  

sugges t ed that  IL- 31 t ended to  be  decreased  in  the  pres ence of  

al l ergy or  AERD.  

Another  potent  inducer  of  T H2  respons es  descr ibed  on Chapter  3  

was  IL-33.  I ts  express ion is  el eva ted in  nasal  t is sues  of  pa t ients  wi th  

CRSwNP,  however  in  our  s tudy this  w a s  not  ver if i ed.  CRSsNP 

presen ted the higher  l eve l  of  th is  marker  and CRSwNP pat ien ts  

presen ted a s ign if i cant  decrease in  IL -33 l eve ls  when compared w ith  

the r emain groups .  I ts  incr ease in  pa t i ents  withou t  NP can be due to  

i ts  pr evious  assoc iat ion w ith  TH1 /  TH 17 cytok ines  ( IFN- γ and IL -

1β) ,  which were higher  on CRSsNP pati ent s ;  however ,  the remaining  

inf l ammatory and neu troph il  rec rui tment  markers  were not  s tudied  

here.  

Thymic s tromal lymphopo ie t in  helps  to  shape the local  ac t ivat ion  

of  TH 2 responses .  Moreover ,  i t  has  been shown previous ly  that  i ts  

mRNA leve ls  are  increased  in  NP  (127 –129) .  S ince w e d id  not  

measu re mRNA, but  i t  is  a  precursor  of  prote in  synthes is ,  w e  s t i l l  

expected i ts  protein  l eve ls  to  be incr eas ed  in  pa t ients  suf fer ing f rom 

NP.  However ,  our  inves t iga t ions  showed that  TLSP levels  were  also  

s ignif icant ly  h igher  in  pat ien ts  wi thou t  NP than in  pa t i ents  w ith  

them.  Fur thermore ,  TLSP express ion w as  s ignif icant ly  decreased in  

pat ien ts  wi th  NP when compared to  i ts  phys iologica l  express ion.  

Fur ther  s tud ies  wou ld be needed for  th is  b iomarker  in  order  to  

unders t and if  the pro te in  l eve ls  fol low a s imilar  resu l t  a t  mRNA 
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level  or  i f ,  there is  a  r egulato ry mechani sm tha t  decreases  pro te in  

levels  even if  i ts  mRNA leve ls  are incr eas ed dur ing nas a l  polypos is ,  

as  descr ibed be fore.  

In  Chapter  3 ,  w e r epor ted  the  incr ease  of  I gE in  CRSwNP  pa ti ents  

f rom Europe and Asia (63,65,74,75,123,136) .  However ,  our  f indings  

showed tha t  IgE was  e levated in  CRS pat ien ts  wi thou t  NP and  

decreased in  CRSwNP .  

Per ios t in  w as  the las t  TH2- associated media tor  to  be s tudied in  

here.  Pe r ios t in  is  known in  airw ay eos inophil ia  and as  a  b iomarker  

for  nas al  polyps  in  CRS (147) .  Never the less ,  in  her e,  we  observed  

i ts  l eve ls  to  be increased wi th in  CRSsNP pat ien ts  and s ign if i can tly  

decreased in  the CRSwNP  group,  when compared wi th  the control  

group.  More,  we w ere  in ter es ted in  inves t igat ing  the corr ela t ion  

between this  b iomarker  and the level  of  eos inoph ils .  The Spearman  

corre la t ion coeff ic ien t  sugges ted  that  eos inoph ils  dec reas e when  

Per ios t in  incr eas es ,  which con tr adicts  our  l i t era ture rev iew .  

However ,  when looking a t  the d if f eren t  groups’  behav iour ,  w e can  

observe tha t  only  da ta po ints  f rom the CRSsNP group showed this  

rel at ionship ,  wh il e  the  contro l  group  and CRSwNP presen ted  i ts  

known assoc ia t ion .  

After  inves t iga t ing  TH1  and  T H2- med ia tor s  express ion,  we  moved  

to  descr ibe the behav iour  of  T H 9-  and TH17- markers  in  our  

populat ion.  T H9- assoc ia ted  cy tok ine,  IL - 9,  was  descr ibed by  Bal  et  

a l .  as  having  an  act ion on  mucus  production.  More,  i t  has  been  

descr ibed  as  overexpressed in  CRS ,  speci f ical ly  in  CRSwNP  

(164,165) ;  however ,  in  our  r esul ts ,  CRS sNP presented the higher  

levels  o f  IL-9,  con tradic t ing the  l i t era tur e f ind ings  that  IL-9 wou ld  

be invo lved  in  a l l ergy  and  as thma (165) ,  a s  th is  group presen ted  the  

leas t  propor t ion of  i t .  T H 17 on ly s tud ied med ia tor  in  th is  s tudy ,  IL-

17A,  induces  the  act iva t ion/fo rmat ion of  pro - inf lammatory  

cytok ines ,  such  as  IL-6  and TN F-  ,  and MMPs,  and to  r ecru i t  and  

act iva te  neutrophi ls  to  the s i te  of  in f lammation  ( Chap ter  3) .  

Therefore,  we expected i t  t o  be inc reas ed in  CRSsNP and pos i t ive ly  
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corre la ted  with  neutrophi l  and neutrophi l - rel at ed markers  and pro -

inf l ammatory cytok ines .  We obs erved that  i ts  l eve ls  were incr eas ed,  

even if  not  s ta t is t ical ly  s ign if i can t ,  i n  pat i en ts  with  CRSsNP and  

decreased in  pa t i ents  with  CRSwNP,  when compared wi th  

phys iologica l  l eve ls .  When,  we inves t igated the r el at ionsh ip  

between the th ree  cytokines :  IL-17A,  IL-6 and TNF-  ,  t he  

corre la t ion coeff i ci ents  sugges t  tha t  incr eas ing  IL-17A levels  lead  

to  an  increase when i t  is  increased i tse lf  o f  the other  two cy tok ines ,  

as  observed  by Chen  e t  a l  (166) .  

Next ,  we turn  our  a t t ent ion to  the med ia tors  that  have a pro -  and 

ant i - inf lammato ry func tions .  Our  pro- inf l ammatory mediato rs ,  

which  included IL -1ß,  IL- 6,  IL-32 and TNF-   have no t  been al l  

s tudied wi thin  CRS.  However ,  due  to  i ts  f unct ion when the immun e  

sys tem is  t r iggered by an inf ec t ious  agent ,  and the lack of  

explana tion for  CRS immunopatho logy,  we inves t igated IL -6 and  

TNF-  equa lly  ac ross  bo th  CRS  pa ti ent  and con tro ls .  Al l  med ia tors  

apar t  f rom IL-32 were  increased in  CRS cases  compared to  con tro l s .  

IL-32,  which induces  the ac t ivat ion/ formation o f  pro - inf lammato ry  

cytok ines ,  such as  IL -6 and TN F-  ,  was  expec ted to  be increased in  

pat ien ts  wi th  CRSwNP  (44 ,125) .  However ,  the express ion of  IL -32  

was  lower  within  CRS  groups ,  be ing the  lowes t  wi thin  the CRSwNP  

group w ith  no  exp lanat ion .  Regard ing  IL -6 and TNF-   these  were  

both  incr eased in  bo th  CRS phenotypes  compared w ith  controls ,  

demons tra t ing that  CRS migh t  have some infect ious  under lying  

cause,  or  act ivate  th is  pa thway dur ing i ts  cours e.  Moreover ,  the  

corre la t ion betw een these two inf lammatory markers  proved tha t  

they move toge the r  in  CRS inf l ammatory environmen t.  Las t ly ,  IL- 1ß  

was  incr eas ed in  bo th  CRS groups ,  which corre la tes  wi th  the Be lgi an  

s tudies  (65,66) .  S ince i t  is  known that  IL-1ß incr eases  in  CRS  

pat ien ts  with  inc reas ed l eve ls  of  neut rophi ls  (Chap ter  3) ,  we  

corre la ted  the two  measurements .  The  obtained  corre la t ion  sugges ts  

tha t  IL-1ß tended to  decrease when the neutrophi l  coun t  increased ,  

which  is  not  in  ag reement  with  the  cur r ent  l i t era ture  in  the  f i eld .  
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Therefore,  we looked into  th is  t r end wi th in  the specif ic  groups  and  

only  the CRSsNP group pres ented IL-1ß  decrease associated with  

neutrophi l  count  incr ease  w ith  no known jus t if ica t ion .  There fore ,  we  

sugges t  fur ther  s tud ies  to  be performed  to  conf i rm this  t r end and  

poss ibly  corr elat e  i t  with  another  b iomarker  or  c l in ical  featur e not  

s tudied he re.  

Only IL-10  has  an t i - inf l ammatory  characte r is t ics  and  has  been  

descr ibed prev ious ly  (Chapter  3)  as  being eleva ted  when pat ien ts  

suffer  f rom al lergic or  aspi r in - exacerbated resp ira tory d iseas e  

(AERD) synd romes .  In  our  ana lys is ,  t he levels  of  IL -10 were  

incr eased in  ou r  popu la t ion o f  pa t ients  wi thout  NP and decreased in  

our  popu la t ion  of  pat ien t  wi th  NP.  However ,  our  popula t ion of  

CRSsNP pat ien ts  showed  the lowes t  percentage o f  al lerg y,  showing  

tha t  IL-10 was  no t  incr eas ed in  the pres ence of  a l le rgy  in  our  cases .  

To ver ify  th is  in  our  s tudy,  w e co rre la ted the presence  of  a l l erg ic  

and AERD syndromes  wi th  IL -10 l eve ls ,  conc luding that  IL -10 was  

decreased in  the p resence  of  al lergy or  A ERD , which wou ld exp la in  

the r esul ts  in  our  cohor t .  

Due to  the ir  ma jor  roles  in  the pathogenes is  o f  CRS  des cr ibed  

previous ly  in  Chap ter  3 ,  w e inves t igated  the  c ircu la t ing l eve ls  of  

both  neutrophi ls  and eos inoph ils  across  the d if f eren t  groups  of  

pat ien ts .  Both ce l l  types  were inc reased in  CRS pat ients  when  

compared  wi th  the  contro l  gr oup  con f irming their  ro les  desc r ibed in  

severa l  important  s tud ies .  La ter ,  we observed  the corre la t ion  

between  these  two  cel ls  sugges t ing  tha t  eo s inophi ls  tend to  dec rease  

when neutrophi ls  incr eas e.  This  is  obse rved in  both  CRS  groups  

defend ing  the s eparat ion  of  CRS in  eos inophi l i c  and neut roph il ic  

CRS forms,  as  the control  group showed no corre la t ion between both  

cel l  types .  We inves t igated the refore,  the neu troph il -  and  

eos inophil -assoc ia ted  biomarkers .  Regard ing the neu troph il - rel at ed  

markers ,  they  were incr eas ed in  the  CRSs NP group than in  the  other  

groups .  In  Caucas ian  pa t i ents ,  CRSsN P has  been  desc r ibed as  

neutrophi l -mediated inf l ammation  (167,168) ,  which we here conf irm 
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such f indings  as  a l l  neu troph il - assoc ia ted markers  s tud ied  were  

incr eased in  th is  group ,  tha t  w as  compos ed mos tly  by  whi te  pa t i ents .  

Fur ther ,  t he descr ibed func tions  of  IL-8  in  CRS are  the same  as  for  

IL-1ß (Chap ter  3) .  As  such,  we corre la ted the leve ls  of  IL -8 wi th  

neutrophi ls  and i ts  re la ted cytok ine,  IL -1ß .  For  the f i rs t  cor re lat ion,  

i t  sugges ted tha t  IL -8 tended to  inc reas e along  with  the neu troph ils  

count ,  espec ia l ly  in  CRSsNP,  which was  expected according to  the  

l i t era tur e  (155) .  The corre la t ion  between IL -8 and IL-1ß sugges ts  a  

perfect ly  monotonica l ly  rel at ion ,  prov ing tha t  both  ar e associated as  

descr ibed pr evious ly  on our  l i te ra ture r eview.  Las t ly ,  we also  looked  

at  the co rre la t ion betw een MPO and neutrophi ls .  The Spearman  

corre la t ion coeff i ci ent  showed this  r el at ion to  be inversed ,  mean ing  

tha t  when MPO leve ls  incr ease ,  the neu trophil  cel l  count  decreases .  

This  was  unexpected and w e looked  a t  a l l  groups  ind ividual ly .  This  

is  pronounced in  the C RSsNP group,  whi l e  phys iolog ical ly  ( con trol  

group)  the  di rect  re lat ionsh ip  betw een  MPO and neut rophi ls  was  

demons tra ted .  As  such,  th is  sugges ts  that  our  CRSsNP pat ients  

presen t  some  factor  tha t  is  inf luenc ing  th i s  rel at ionsh ip  and  as  such,  

fur ther  s tudies  should  be  under taken to  unders t and th is  a t  a  genomic  

level  (mRNA) and re la te  i t  to  o ther  featu r es  of  CRSsNP .  

On the o the r  hand,  the eos inophi l - re la ted  markers  -  ECP,  MCP-4 

and RANTES - ,  were a l l  decr eas ed in  pat i en ts  presen ting NP.  As  

descr ibed pr ev ious ly  on Chap ter  3 ,  a l l  of  these b iomarker s ,  expec t  

for  RANTES,  are expected to  be inc reased in  NP,  more pr ec isely  in  

eos inophil ic  CRSwNP.  An  explana tion for  such  decrease  could  be  

the  na ture  of  the CRSwNP,  perhaps  in  th is  case  non - eos inophi l i c ,  

even i f  eos inophi l  coun t  was  higher  on  th is  group.  In  order  to  

conf i rm our  f indings ,  fu r ther  s tudies  where pa t i en ts  are divided  

according to  the eos inophi l i a  level  should  be cons idered .  As  we  did  

not  conduc t  h is tological  examinat ions ,  i t  is  not  poss ible to  do such  

s trat i f i ca t ion  in  th is  s tudy and w il l  be discussed as  a  l imi ta t ion  

fur ther  on.  RANTES,  on the other  hand,  has  been descr ibed  

previous ly  as  a  po ten ti al  b iomarker  for  CRSsNP (Chapter  3) .  H ere,  
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tak ing the  contro l  group as  descr ipt ive  of  phys io log ical  cond it ions ,  

RANTES was  s l ight ly  increased  in  the CRSsNP group,  and decreased  

in  pat ien ts  wi th  NP.  This  proves  that  RANTES can d iscr imina te  

between bo th  groups ,  as  desc r ibed  pr evious ly  (67,73,123) .  

Eotaxin  is  an  impor tan t  factor  in  eCRSwNP,  be ing  respons ible  for  

recru i t ing  and  act iva te  eos in ophi ls  (Chapter  3) .  Pr ior  to  any  

ana lys is ,  we expected i ts  levels  to  be increased in  the CRSwNP 

group.  This  was  conf irmed  in  our  analys i s ,  as  the  l eve ls  o f  eotaxin  

were higher  in  the CRSwNP pa ti ents  and  decreased  in  CRSsNP,  when  

compared  with  the contro l  g roup.  

As  said  befo re,  a l l  these were markers  assoc ia ted w ith  

eos inophils .  We,  therefore,  wan ted  to  assess  th is  r ela t ionship  

between biomarkers  and eos inophi ls  count  in  our  groups .  MCP -4,  

Eotaxin  and  ECP  a l l  corr elat ed pos i t ively  with  eos inoph ils ,  

demons tra t ing the known r elat ionsh ip  between them.  When looking  

at  the dif f eren t  groups ,  we can  observe that  f or  each  biomarker  the  

group demons tra t ing th is  pat tern  d if fer ed.  MCP-4 showed  a  pos i t ive  

corre la t ion for  a l l  groups ,  independent  of  the  cond it ion,  prov ing  th is  

associat ion to  happen even on phys iolog ica l  condi t ion s .  For  ECP,  

only  poin ts  f rom the CRSsNP group  showed a  nega tive associat ion  

with  eos inoph ils  and  the con trols  d isp layed a  f l at  l ine ,  show ing that  

within  contro l  pat ien ts ,  ECP had  no co rre lat ion  with  th is  ce l l  type.  

This  migh t  sugges t  tha t  the pos i t ive re la t ionship  betw een ECP and  

eos inophils  descr ibed in  the l i t era tur e migh t  be correct  f or  NP.  

Las t ly ,  for  Eo tax in ,  we  observed  that  only  the CRSwNP group  

showed th is  d is t inct  pa t te rn ,  wh ile  CRSs NP displayed a f l at  l ine.   

Accord ing to  Kim e t  al .  (124 ) ,  I L-15  pr even ts  the  apoptos is  of  

eos inophils  and  neutrophi ls ,  and in  the ir  s tudy,  i ts  l eve ls  d id  not  

d if fer  s ign if i can tly  be tween CRS and con t rols .  However ,  our  r esul ts  

show that  i t  was  s ign if i can tly  h igher  in  CRSsNP  and dec reas ed in  

CRSwNP group ,  when compared wi th  contro ls .  Therefore,  we  

inves t igated the  corre la t ion between  th is  cytok ine  and the  levels  of  
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eos inophils  and neu troph ils .  These analyses  sugges ted tha t  IL-15  

tended to  decrease along wi th  bo th  cel ls  count .   

Kato et  a l .  (123)  descr ibed  G-CS F to  be  increased  in  NP;  

never the less ,  in  our  ana lys is  i t  was  s ignif icant ly  incr eased in  

pat ien ts  without  NP,  contr adict ing th is  repor t .  Fur ther  s tudies  should  

be cons ide red to  conf i rm ei ther  poin t .  

We inc luded  in  our  analys is ;  two meta l loprote inas es  des cr ibed in  

Chapter  3  as  having some funct ion on CRS and inc reas ed in  bo th  

CRS groups  (123 ) .  Our  inves t igat ions  found MMPs to  be incr eas ed  

in  CRS,  espec ia l ly  in  the group w ithout  nasal  polyps .  MMP-9 was  

s l igh tly  dec reas ed in  CRSwNP pa ti ents  compared wi th  the con trol  

group;  however ,  th is  w as  not  s ign if i can t .  As  both  metal lopro te inases  

are des cr ibed as  hav ing a s imi lar  funct ion,  and the express ion resul ts  

also  had al ike pa t t erns ,  we inves t iga ted  the re lat ionsh ip  be tween  

both  MMPs.  Their  cor relat ion coe ff i ci ent  sugges ts  that  MMP -7 

tend ed to  incr ease along w ith  MMP -9.  When look ing a t  the dif f eren t  

groups ,  we  can obse rve that  only  da ta poin ts  f rom the CRSsNP group  

showed th is  re la t ionship .  

Coll ec t ively ,  these r esul ts  indicate tha t  pat ien ts  wi th  CRSsNP 

show an incr eas ed mixed TH  cel l  (TH 1/TH 2/T H17 /TH9 )  immune  

response w ith  incr eas ed neutrophi l i c -  and eos inoph il - assoc ia ted  

inf l ammation ,  whereas  CRSwNP presented  an  IL-5 dominated  

response accompan ied  by eos inoph il  and  neutrophi l  inf i l t r at ion .  We 

can also  conc lude that  our  r esul ts  were va r ied across  groups  and d id  

not  a lways  agree w ith  the known l i te ratur e.  We a re uncer t ain  i f  th is  

can be exp la ined by our  cohor t ,  which was  not  res tr i ct ed to  spec if i c  

cl in ical  fea tur es ,  or  by the f ac t  that  al l  pat ien ts  included rece iv ed  

preopera t ive  tr ea tment ,  wh ich cou ld modify  thei r  loca l  mo lecular  

prof i les .   

Recent ly ,  ex tens ive work has  been focus ing in  character is ing the  

inf l ammatory prof i l es  of  CRS pa ti ents  in s tead of  cl ass ify ing them 

according to  c l in ical  character is t i cs  (e . g . :  nasa l  polyps) .  Grea t  

var i at ion bo th  betw een and wi th in  CRS popula t ions  has  cha l l enged  
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the dicho tomy of  CRS diagnos is  in  CRSwNP and CRSsNP . 

Endotyping CRS based on the under ly ing pa thophys io logy has  

emphas ised  even more the heterogen e ity  of  th is  complex  dis ease ,  

reveal ing mixed inf lammatory p rof i les  coordinate d by a network of  

inf l ammatory ce l l  types  and mo lecules .  Our  at tempt  to  ver ify  a  

dicho tomy according  to  pheno types  is  p roved to  be ineff ici en t  and  

ther efore,  we wi l l  move tow ards  a  more mo lecular  approach,  

def in ing c lus ters  of  pa t i ents  that  share s imi la r  molecu la r  prof i les .  

Such be t t er  unders tand ing o f  CRS ae t io logy wil l  a id  the development  

of  more personal ised therapeut ic  s tra teg ies  targe t ing  key  

inf l ammatory markers  and reducing  the rel iance on t rad i t iona l  

t reatmen ts ,  wh ich  ar e more  and more  proving  to  be inef f ic ient  

(167,169–171) .  

 

Key po ints :  

•  Severa l  b iomarkers  w ere  found  to  have  s ignif i can t  d if f erences  

in  their  express ion across  groups ,  al though some l ike IL -8 ,  IL-10,  

MMP-7 and neu troph il  count  w ere  no t  d iscr iminatory between CRS  

groups ;  

•  The fo l low ing biomarkers  were found to  be s ign if i can tly  

incr eased in  CRSsNP pa ti ents  in  compar i son with  CRSwNP: IL -1ß,  

-15,  -32,  -33,  IFN-γ ,  G-CS F,  RANTES,  Pe r ios t in  and IgE;  

•  TNF-   was  the only  b iomarker  s ign if i can tly  incr eased in  

CRSwNP pati ents  in  compar ison wi th  CRSsNP pati ents ;  

•  All  o f  the  above  ref erred b iomarkers  could poss ib ly  be used  to  

separa te  the two pheno types ;  

•  IL-4 and IL-13 w ere dec reased in  CRS pa ti ents  when compared  

with  controls  (p<0.05) ,  con tra ry  to  the l i t era ture ;  

•  The actual  d icho tomy of  CRS pheno types  is  not  enough  to  

explain  al l  the var iat ions  w ith in  the CRS populat ion.  
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VII –  CLUSTER ANALYSIS: DEFINITION OF 

ENDOTYPES 

 

7 .1  Int roduc tion  

In  the las t  chapter ,  we tr i ed  to  def ine  groups  by phenotype.  

However ,  ther e was  no c lea r  separat ion in the b iomarkers ’  

express ion be tween di f fer ent  en t i t ies  o f  CRS,  n ei the r  be tween them 

and the  contro l  pa t i ents .  Recen tly ,  a  new l ine of  though t  has  ar is en  

trying to  de f ine complex disease ent i t ies  us ing endo types  ins tead of  

pheno types .  

The res ear ch perfo rmed over  the l as t  f ew years  a t temp t ed to  

clus ter  pa t i ents  by a mul t i tude of  poss ib le f eatures .  Th is  al low ed  a  

fur ther  character isat ion  r ega rding  the  pa thophy s iological  

mechan isms present  in  the di f fer ent  groups .  As thma is  a  good  

example of  th is ,  pr esen ting endo types  such as  AERD and a l l ergic  

bronchopulmonary mycos is ,  among o the rs .  The unders t anding of  

these mechan isms together  wi th  the ident if i ca t ion of  rel eva nt  

b iomarkers  a l lows  a more indiv idual  approach to  d iagnos is  and  

treatmen t ,  improv ing the  outcome s  of  these pa t ients  (37,172) .  

In  th is  chap ter ,  the parad igm is  the same.  As  CRS is  cons idered to  

be analogous  to  as thma in  the upper  r espi ratory tr ac t ,  we at tempt ed  

to  de f ine endotypes  by clus ter ing biomarker  express ion wi thin  CRS  

pat ien ts .  The  a im of  th is  s tudy w as  to  1)  use c lus ter ing methods  to  

iden tify  endotypic subg roups  f rom a  l arge cohor t  of  pat i en ts  wi th  

CRS,  2)  des cr ibe cl in ica l  d if f erences  in  ident if i ed clus ters ,  and 3 )  

perform d iscr iminan t  ana lys is  to  def ine  a  dec is ional  t r ee to  cl ass ify  

pat ien ts  in to  iden tif ied  c lus te rs .  

 

7 .2  Methods  

7 .2 .1  Sub jec ts  

Subjects  were r ecru i t ed for  th is  s tudy  as  s tat ed in  Chapter  4 .  
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7 .2 .2  Basel ine  cl in ica l  charac ter is t ics  

All  demograph ic and cl in ica l  charac ter is t i cs  of  clus ters  were  

assessed befo re surg e ry.  Nasa l  samp les  w ere co l l ec ted  as  descr ibed  

previous ly  on Chapter  4 .   

 

7 .2 .3  Measuremen t of  molecula r  markers  in  t is sues  

The prote in  concent ra t ions  of  de tec ted mediators  were measu red  

as  va l idated  in  Chapte r  5 .   

 

7 .2 .4  S tat is t i ca l  ana lys is  

Data  were ana lysed  us ing the RS tudio vers ion  1 .2 .13  sof tware  

(RStudio,  Inc. ) .  For  con tinuous  var i ables ,  resul ts  a re expressed as  

mean and s t andard deviat ion.  D ata  dis tr ibu tion was  tes ted for  

normali ty  us ing a Shapi ro -Wilk tes t .  A s  the var i ables  were  not  

normally  d is tr ibu ted,  the fo l low ing s ta t is t ical  tes ts  were used :  for  

d icho tomous  var i ab les ,  a  ch i -square  t es t  was  used  to  determine  

dif fer ence betw een  groups ;  wh il e ,  for  con tinuous  var i ables ,  a  

Kruskal - Wall is  tes t  was  used for  betw een -group comparison .  I f  

express ion leve l  of  b iomarkers  were be low  the detec t ion l imi t ,  i t  was  

replaced by  the value 0  for  analys is  purposes .  A p- value of  <0 .05  

was  cons idered s ign if icant .  

For  c lus ter  analys is ,  a  h ie rar chica l  clus ter  analys is  was  used,  

which  a t t emp ts  to  identi fy  rel at ive ly  homog eneous  groups  of  

pat ien ts  based upon selec ted charac ter is t i cs .  A number  of  

b iomarkers  have  been examined  as  potent ial  sources  of  information  

regard ing clus ter  ident if i ca t ion.  In  th is  s tudy ,  the  subjec ts  were  

sor ted in to  g roups  us ing the k -means  method ,  bas ed on the  

corre la t ion r at io  and  mixed  pr inc ipa l  componen t  ana lys is .  The  

optima l  number  o f  c lus te rs  was  de termined us ing the NbClus t  

package  in  RStudio  and the  E lbow method.  Al l  ava i l able pa t ients  

wil l  be us ed in  th is  analys is .  

To def ine the number  of  b ioma rkers  to  be used,  severa l  

s imulat ions  w ere  run  increas ing  the number  of  media tors  to  be  
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ana lysed wi thou t  decreas ing great ly  the number  of  pat ien ts  

clus tered.  Twenty-one b iomarkers  were  analysed us ing c lus ter  

ana lys is  and n ine cl in ica l  var iab les  were measu r ed to  inves t igate the  

cl in ical  pa t t erns  associated wi th  the d if fe rent  clus ters .  

When performing the ana lys is  us ing 21,  23 and 24  mediators ,  the 

number  of  clus ters  obtained  was  alw ays  the  same  (n=3) ,  being an  

optima l  number  of  thr ee  clus te rs  obtained  for  ou r  popu la t ion  of  CRS 

subjects  (Figure 26) .  

 

 

Figure  26:  Graph ica l  represen tat ion  of  the  Elbow method  in  our 

datase t .  This  me t hods  of  in te rpre ta t i on  an d  va l ida t ion  of  con s is tency  

wi th in  c lus te r  ana lys i s  he lped  us  f ind i ng  the  appropr ia te  nu mber  o f  

c lus te r s .  The  same  graphic  was  ob ta ined  whe n  us ing  da ta  f rom 2 1 ,  23  or  

24  b iomarke r s .  

 

All  s imu la t ions  were  run  us ing  a d if f eren t  number  of  pa t i ents  (73,  

57 and 33 pa t i ents  f or  21,  23 and 24 b iomarkers ,  r espect ive ly)  as  

some biomarkers ’  data w ere no t  avai lab le for  al l  pa t ients .  However ,  

the clus ters  were def ined by the same pat i ents  as  observed in  Figu re  

27 and  29.  F igures  28 and 30  show the space  dis tr ibu tion of  our  

found c lus ters .  
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Figure  27:  Dendrogram showing  the  h ierarch ica l  re lat ionsh ip  of  21  b iomarkers  be tween  73  pat ien t s .  Here ,  h ie r a rch ical 

b ina ry  c lus te r  t r ee  i s  showed wi th  t h ree  c lus te r s  obse rved  compr ised  of  54 ,  3  and  16  pa t ien ts ,  r e spec t ive ly .  Each  r ed  r ec tang le  

de f ine s  a  c lus te r .  
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Figure  28:  Scat ter p lot  showing  d is t inc t  groups  f rom the analys is  o f  21  b iomarkers .  These  cor r e spond  to  the  Figure  27  

c lus te r s  ( c lus te r  1  –  54  pa t ien ts ,  r ed ;  c lus te r  2  –  16  pa t ien ts ,  g r een ;  c lus te r  3  –  3  pa t ien ts ,  b lue ) .   
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Figure  29:  Dendrogram showing  the  h ierarch ica l  re lat ionsh ip  of  23  b iomarkers  be tween  57  pat ien t s .  Here ,  h ie r a rch ical 

b ina ry  c lus te r  t r ee  i s  showed wi th  t h ree  c lus te r s  obse rved  compr ised  of  44 ,  3  and  10  pa t ien ts ,  r e spec t ive ly .  Each  r ed  r ec tang le  

de f ine s  a  c lus te r .  
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Figure  30:  Scat ter p lot  showing  d is t inc t  groups  f rom the analys is  o f  23  b iomarkers .  These  cor r e spond  to  the  Figure  29  

c lus te r s  ( c lus te r  1  –  44  pa t ien ts ,  r ed ;  c lus te r  2  –  10  pa t ien ts ,  g r een ;  c lus te r  3  –  3  pa t ien ts ,  b lue ) .
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7 .3  Resu lts  

A total  of  73 CRS pat ien ts  were en rol led in  th is  ana lys is ,  as  these  

had a comple te  set  of  readings  for  the des ired  biomarkers .  Th is  was  

the chosen s imulat ion s ince the number  and the conf igu ra t ion of  the  

clus ters  w ere  s imi lar  across  a l l  performed  s imu la t ions ,  and  th is  one  

inc luded  the highes t  number  of  pa t i en ts .  Therefore,  us ing the  

clus ter ing approach  out l ined above,  a  dendrogram was  genera ted  as  

shown in  Figure  27.  A thr ee- clus ter  reduc t ion w as  chosen  to  descr ibe  

our  cohor t  and i ts  scat terplo t  is  presen ted  in  Figure 2 8.  Diff er ences  

across  c lus ters  are presented for  demographic factors  and  medica l  

comorbid i t ies ,  exposure  his tory  and b iomarkers ’  assess men t (Table  

20 and 21) .  In ter es t ing ly ,  t rad i t iona l  cl in ical  featur es  such  as  

presence  of  nasa l  polyps ,  a topy ,  as thma,  or  aspir in  sens i t iv i ty  d id  

not  s ign if i can tly  dif f er  across  clus ters .  N one of  the demographic or  

measu res  o f  CRS  sever i ty  (both  ob jec t ive and pat ien t  repor ted )  

dif fer ed ei ther  be tween c lus ters .  

 

Cluster 1  

Seven ty four  percent  of  pat ien t s  are g rouped in to  th is  clus ter .  This  

clus ter  is  character is ed by the highes t  percentage of  pat i en ts  with  

NP,  AERD and s mok ing h is tory  (pas t  or  pr esent ) .  More over ,  pa t i ents  

in  th is  clus ter  repor ted the h ighe s t  SNOT- 22 score,  which meant  the  

highes t  impact  on QOL for  CRS pat ien ts ,  be ing a lso  the o ldes t  

clus ter  (mean age of  60 years ) .  While ,  th is  c lus t er  pr esen ted the  

highes t  neu troph il  b lood count ,  i t  h ad the lowes t  t is sue levels  of  IL -

1ß,  IL-8,  IL-15 and MPO, al l  markers  of  neutrophi l i c  CRS.  

Fur thermore,  the levels  o f  IL -10,  wh ich are  desc r ibed as  be ing  

associated wi th  AERD synd rome were 0  pg/mg .  None the less ,  th is  

clus ter  p resented the highes t  SNOT- 22 scored by pa t i en ts ,  showing  

tha t  th is  group had  the highes t  impact  on QOL.  
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Cluster 2  

 Clus ter  2  con ta ins  22% of  pa t i ents ,  wi th  an even d is tr ibut ion of  

male and f emale  pat ien ts .  Most  pa t i ents  in  th is  clus te r  pr esented NP  

as  wel l  ( 87%).  Th is  c lus ter  had the h ighes t  f requency of  co - ex is tence  

of  as thma and atopy.  Along with  the h igh f requency of  atopy in  th is  

clus ter ,  these sub jects  a lso  mani fes ted the h ighes t  eos inoph il  b lood  

count .  Compared with  the o the r  clus ters ,  t hese pa t i ents  pr esen ted the  

higher  t is sue levels  o f  IL -10 ( ant i - inf l ammatory marker  associated  

with  al lerg ic  syndromes) ;  IL -4,  IL-5  and IL- 13 ( Th2- associated  

cytok ine ) ;  TNF- (p ro- inf l ammatory marker ) ;  and IL-9 ( Th9-

associated) .  IL -9 was  descr ibed as  ac t ing on mucus  produc tion ,  

however  on ly  ha lf  o f  thes e pat ien ts  w ere  des cr ibed  as  hav ing  

mucopus  or  eos inoph il i c  mucin.  Objec t ive  diseas e sever i ty  measures  

were the  highes t  in  th is  clus te r ,  wi th  a  mean CT or  LM  score  of  17.3 ,  

which  migh t  explain  the higher  level  of  TNF -   i n  these sub jects ,  

whereas  i t  presented the  lowes t  impact  in  QOL ( lower  SNOT-22  

score ;  Table 20) .  

 

Cluster 3  

Clus ter  3  is  the s mal les t  group  (n=3 ;  4% of  pat ien ts ) ,  a long w ith  

the lowes t  scores  for  both  SNOT - 22 and LM. The major i ty  o f  

subjects  in  th is  c lus ter  d id  no t  pr esen t  any NP.  This  c lus ter  also  

contain ed  the younges t  age r ange,  and  there  was  no  his tory  of  

smoking ,  as thma,  a topy  or  A ERD synd rome.  I ts  eos inoph il  and  

neutrophi l  b lood coun t  were a lso  the lowes t  of  a l l  c lus ters .  The  

SNOT-22 score w as  almost  h igher  than in  clus ter  1 ;  however  on ly  

one pa t i ent  had th is  information ava il able.  This  clus ter  pr esen ted the  

highes t  levels  of  IL- 1ß,  IL-8 ,  MPO,  Per ios t in ,  RANTES,  TSLP,  IFN -

γ,  G-CS F,  IL-31,  IL-33 and IL-17A,  w i th  the subsequent  h igher  

express ion of  MMP -7 and 9 .  

 

The sub jects  inc luded in  th is  analys is  and subsequent ly  in  a l l  

c lus ters  were pr edominant ly  men.  
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Table  20:  Demograph ic  and  c l in ica l  character is t ic s  o f  CRS c luster s .  

 
C lus te r  1  

(n= 54 )  

C lus te r  2  

(n= 16 )  

C lus te r  3  

(n= 3)  

Ove r a l l  p -

va lue  

Ge nde r ,  m a le  

(%)  
33  (61 . 1 )  8  (50 .0 )  2  (87 .0 )  0 . 66  

A ge  59 .92± 15 .2 4  57 .4± 15 .21  46 .3 ± 21 .46  0 .50  

N as a l  po ly ps ,  

n  (% )  
50  (92 . 6 )  13  (87 . 0 )  1  (33 .3 )  0 . 07  

A topy ,  n  (%)  23  (42 . 3 )  11  (69 . 0 )  0  (0 .0 )  0 . 07  

Sm oking  

h i s tor y ,  n  

(%)  

30  (44 . 4 )  6  (37 .5 )  0  (0 .0 )  0 . 22  

A s thm a (%)  55 .6  69  0  0 .08  

A E R D  (%)  26  12 .5  0  0 .47  

SN OT -22  51 .5  35 .4  51  0 .23  

L M  s c or e  16 .05  17 .3  12 .3± 11 .5  0 .72  

B lood  

E os inoph i l  

c ount  

(x10 9 /L )  

0 .31  0 .45  0 .18  0 .58  

N e utr op hi l  

c ount  

(x10 9 /L )  

5 .71  4 .86  3 .58  0 .25  

A ER D ,  a s p i r in -e xa c e r ba t e d  re s p i ra to ry  d i s e a s e ;  LM ,  Lun d  M a c ka y .  

Fo r  c on t inuous  va r i a b l e s ,  r e s u l t s  a re  d i s p l a y e d  a s  me a n  ±  SD  ( s t a n da rd  

de v ia t ion ) .   

C a te go r i c a l  va r i a b l e s  a re  e x p re s s e d  a s  f re que nc y  a nd  pe rc e n ta ge .  A n  ove ra l l  p -

va lue ,  i nd i c a t ing  the  d i f fe re nc e  be t w e e n  the  th re e  c lu s t e r s ,  w a s  ob ta ine d  u s in g  

a  K rus ka l -W a l l i s  t e s t  fo r  c on t i nuous  va r i a b l e s  a nd  c h i  s qua re  t e s t  fo r  

c a t e go r i c a l  va r i a b l e s .  T he  o ve ra l l  p -va lue  < 0 .05  ind ic a t e  t ha t  a t  l e a s t  one  

c lu s t e r  w a s  d i f fe re n t  f rom the  o the r s .  
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Table  21:  Mole cu lar  prof i le s  in  s inonasa l  mucosa  of  CRS c luster s .  

Resu lt s  are  presen ted  as  mean±SD.  Al l  lev e ls  are  expressed  as  x10 - 3 ,  

excep t  for  Per iost in  and  MPO.  

 C lus te r  1  

(n= 54 )  

C lus te r  2  

(n= 16 )  

C lus te r  3  

(n= 3)  

Ove r a l l  p -

va lue  

I L -1ß  

(pg /m g)  
0 . 2±0 .4  0 .9± 1 .3  6 .1 ± 1 .8  < 0 .01  

I L -4  (pg /m g)  0 .04±0 .1  0 .3±0 . 6  0 ± 0  0 .02  

I L -5  (pg /m g)  0 .3± 0 .4  771 .9 ± 298  1 .4 ± 1 .2  < 0 .01  

I L -6  (pg /m g)  2 .2± 47  17 .5± 41 .9  16 ± 15  < 0 .01  

I L -8  (pg /m g)  1 .3± 1 .7  2 .6 ± 3  2 .6 ±0 . 7  0 .04  

I L -9  (pg /m g)  0 .4±0 .8  2 .7± 3 .9  0 .7 ±0 . 8  0 .03  

I L -10  

(pg /m g)  
0± 0  0 .2±0 . 5  0 ± 0  0 .06  

I L -13  

(pg /m g)  
0±0 .1  0 .2±0 . 3  0  ±  0  < 0 .01  

I L -15  

(pg /m g)  
3±0 . 8  3 .5± 6 .1  27± 2  < 0 .01  

I L -17A  

(pg /m g)  
0 .1±0 . 1  1 .3± 1 .5  2 .5 ± 1 .8  < 0 .01  

I L -31  

(pg /m g)  
0 .8± 1 .1  5 .1± 4 .1  6 .7 ± 3 .2  < 0 .01  

I L -33  

(pg /m g)  
63± 83  144 .9± 388 . 8  2230± 950  0 .01  

G-C S F 

(pg /m g)  
0 .9± 2 .1  2 .4± 3 .1  90± 61 .5  < 0 .01  

M M P-7  

(pg /m g)  
58± 57  180± 140  210± 50  < 0 .01  

M M P-9  

(pg /m g)  
15  ±  26  60± 130  930 ± 810  < 0 .01  

I FN -γ  

(pg /m g)  
0 .1±0 . 2  0 .5±0 . 7  26 .4± 18 .8  < 0 .01  

T SL P 

(pg /m g)  
0 .5±0 . 6  2 .2± 3 .3  9 .1 ± 7 .8  0 .09  

R A N T E S 

(pg /m g)  
13 .4±22 .7  40± 70  360± 89  < 0 .01  

T N F-  

(pg /m g)  
0 .1±0 .2  1 .6± 3 .6  0 .3 ±0 . 2  < 0 .01  

Pe r ios t i n  

(pg /m g)  
1 .86  ±  1 .8 8  4 .2± 5 .57  42 .8± 10 .4  0 .01  

M PO (pg /m g)  7 .93  ±  15 . 04  11 .96± 11 .3 2  214 .86 ± 165 .47  < 0 .01  

IL ,  i n t e r l e uk in ;  G -C SF ,  g ra nu loc y te  c o lon y -s t imu la t ing  fa c to r ;  M M P,  

me ta l lop ro t e ina s e ;  IFN -γ ,  i n t e r fe ron -γ ;  T SL P,  t hymic  s t r oma l  l ymphop o ie t in ;  

T N F- ,  t umor  ne c ros i s  f a c to r   ;  M PO ,  mye lope r ox ida s e .  

A n  ove ra l l  p -va lue ,  i n d i c a t ing  the  d i f fe re nc e  b e tw e e n  the  th re e  c lu s t e r s ,  w a s  

ob ta ine d  u s ing  a  K rus ka l -W a l l i s  t e s t .  T he  o ve ra l l  p -va lue  < 0 . 05  i nd ic a t e  t ha t  

a t  l e a s t  one  c lu s t e r  w a s  d i f fe re n t  f rom the  o the r s .  T he  numbe rs  i n  bo ld  ind ic a t e  

t he  h ighe s t  va lue  o f  a  pa r t i c u l a r  va r i a b l e  a mong  the  th re e  c lu s t e r s .  

 

Figure 31 shows a summary of  the c lus ter s .  
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CLUSTER 1  

  

 

CLUSTER 2  

  

 

CLUSTER 3  

  

I L -1B  0 .0002  0 .0009  0 .0061  

I L -4  0 .00004  0 .00035  0  

I L -5  0 .000 3  0 .7719  0 .0014  

I L -6  0 .002 2  0 .017 5  0 .0158  

I L -8  0 .001 3  0 .002 6  0 .002 6  

I L -9  0 .0004  0 .002 7  0 .0007  

I L -10  0 .00001  0 .00024  0  

I L -13  0 .00004  0 .00021  0  

I L -15  0 .0003  0 .003 5  0 .0266  

I L -17A  0 .0001  0 .0013  0 .0025  

I L -31  0 .0008  0 .005 1  0 .006 7  

I L -33  0 .06  0 .14  2 .2 3  

I FN -G  0 .0001  0 .0005  0 .0264  

M M P-7  0 .06  0 .18  0 .21  

M M P-9  0 .01 5  0 .056  0 .92 7  

M PO  7 .93  11 .95  214 .86  

G-C S F  0 .0009  0 .0024  0 .0900  

T N F-A  0 .0001  0 .0016  0 .0003  

T SL P  0 .0005  0 .002 2  0 .009 1  

R A N T E S  0 .013  0 .03 8  0 .36 2  

PE R I OST I N  1 .86  4 .20  42 .86  

Ge nde r  

   

N as a l  po ly ps  

   

Female Male Female Male Female Male

Yes No Yes No Yes No
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CLUSTER 1  

  

 

CLUSTER 2  

  

 

CLUSTER 3  

  

A s thm a  

   

A topy  

   

A E R D  

   

Sm oking  

h i s tor y  

   
 

 C o n c e n t r a t i o n s  s i g n i f i c a n t l y  l o w e r  t h a n  c o n t r o l  g r o u p  

 C o n c e n t r a t i o n  s i g n i f i c a n t l y  h i g h e r  t h a n  o t h e r  c l u s t e r  b u t  n o t  f r o m  c o n t r o l s  

 C o n c e n t r a t i o n  s i g n i f i c a n t l y  h i g h e r  t h a n  c o n t r o l  g r o u p  a n d  o t h e r  c l u s t e r s  

 C o n c e n t r a t i o n  s i g n i f i c a n t l y  h i g h e r  t h a n  c o n t r o l  b u t  n o t  f r o m  o t h e r  g r o u p s  

Figure  31:  Diagram of  iden t i f ied  c luster s.  Summary  of  a l l  c lus te r s ’  

c l in ica l  f ea ture s .  

 

Yes No Yes No Yes No

Yes No Yes No Yes No

Yes No Yes No Yes No

Yes No Yes No Yes No
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Clus ter  1  was  composed of  54 pa t i ents ,  and visual ly ,  one cou ld  

argue that  i t  cou ld  be  the compila t ion of  some sub- clus ters .  To ver i fy  

th is ,  w e r an another  s imu la t ion wi th  jus t  the  pa t i ents  be long ing to  

Clus ter  1 .  Figu re 32 shows the  dendrogram wi th  the  obtained  

clus ters ,  wh il e  Figure  33  shows the space  dis tr ibu tion of  our  newly  

iden tif ied  c lus te rs .
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Figure  32:  Dendrogram showing  the  h ierarch ica l  re lat ionsh ip  of  21  b iomarkers  between  the  54  pat ient s  f rom Cluster 

1 .  Here ,  h ie r a rch ica l  b ina ry  c lus te r  t r ee  i s  showed wi th  th ree  c lus te r s  obse rved  com pr ised  of  6 ,  15  and  33  pa t ien ts ,  

r e spec t ive ly .  Each  r ed  r e c tang le  de f ine s  a  c lus te r .  
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Figure  33:  Scat ter p lot  showing  d is t inc t  groups  f rom the analys is  o f  21  b iomarkers .  These  cor r e spond  to  the  Figure  32  

c lus te r s  ( c lus te r  1  –  33  pa t ien ts ,  r ed ;  c lus te r  2  –  15  pa t ien ts ,  g r een ;  c lus te r  3  –  6  pa t ien ts ,  b lue ) .   
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Differ ences  across  sub-c lus ters  fo r  cl in ica l ,  demograph ic  f ea tures  

and b iomarkers ’  express ion  ar e pres ented in  Table 22 and 23.  

 

Cluster 1A  

The  vas t  majo r i ty  of  pa t i en ts  in  th is  g roup  had  NP.  This  clus te r  

had the  low es t  f requency of  AERD and  smok ing h is tory  (pas t  or  

presen t) .  Moreover ,  pat ien ts  in  th is  clus ter  repor ted the lowes t  LM  

and SNOT-22 score,  which meant  the low es t  impac t  on QOL for  CRS 

pat ien ts  and the less  s eve re cl in ica l  pr esenta t ion .  While ,  th is  c lus ter  

presen ted  the  lowes t  neu troph il  and eos inophi l  b lood coun t ,  i t  

presen ted  the  highes t  t is sue  l eve ls  fo r  a lmos t  al l  markers  of  

neutrophi l i c  CRS,  excep t  MPO. Fur thermore,  th is  group had the  

highes t  l eve ls  of  eos inoph il ic  marker s ,  p roving tha t  th is  group  has  a  

mixed immune r esponse .  

 

Cluster 1B  

 Most  pat ien ts  in  th is  c lus te r  were f emale .  Moreover ,  thes e 

pat ien ts  pr esen ted  the  lowes t  mean age ,  and the  lowes t  f requency of  

NP.  This  clus te r  had the h ighes t  f requency of  co -exis t ence o f  a topy  

and AERD. Along wi th  the high f requency of  atopy in  th is  clus ter ,  

these sub jects  a lso  man ifes ted the highes t  neutrophi l  b lood coun t .  

Compared w ith  the  other  c lus ters ,  these  pa t ients  pr esen ted the  lowes t  

t is sue levels  for  al l  b iomarkers  inves t iga te d,  not  showing any  

speci f ic  immune response .  This  clus ter  al so  had the h ighes t  LM and  

SNOT-22 score ,  whil e  pr esen ting the highes t  f r equency of  s mok ing  

his tory .  

 

Cluster 1C  

The major i ty  of  subjec ts  in  th is  c lus ter  presen t ed NP,  and they 

also  had the h ighes t  age of  al l  sub -c lus ters .  This  clus ter  also  

contained the lowes t  f requency of  smoking his tory .  I ts  eos inophi l  

b lood count  was  the h igh es t  of  a l l  c lus te rs .  This  c lus ter  pres ented  

the h ighes t  l eve ls  of  IL -6 ,  IL-33 ,  MPO, G-CS F,  MMP-7 and TSLP.  



   

 

 157 

This  l ed  us  to  s ugges t  tha t  th is  clus ter  is  character is ed  

predominant ly  by a T H2 immune respons e .   

 

Table  22:  Demograph ic  and  c l in ica l  character is t ic s  o f  Cluster  1  sub -

c luster s .  

 
C lus te r  1A  

(n= 6)  

C lus te r  1B  

(n= 15 )  

C lus te r  1C  

(n= 33 )  

Ove r a l l  p -

va lue  

Ge nde r ,  m a le  

(%)  
4  (66 .7 )  7  (46 .7 )  23 (70 )  0 . 23  

A ge  56± 11 .47  55± 19 .30  63±12 .4  0 .31  

A topy ,  n  (%)  2  (33 )  11  (73 )  13 (39 )  0 . 10  

Sm oking  

h i s tor y ,  n  

(%)  

3  (50 )  9  (60 )  15  (45 )  0 . 85  

A s thm a (%)  2  (33 )  7  (47 )  20  (61 )  0 . 84  

A E R D  (%)  1  (16 .7 )  5  (33 )  7  (21 )  0 . 76  

N as a l  po ly ps ,  

n  (% )  
5  (83 )  12  (80 )  29  (88 )  0 . 77  

SN OT -22  39± 14 .6  55± 22 .1  52±25 .4  0 .45  

L M  s c or e  12 .6±9 .4  17 .1 ± 6 .3  15 .5±6 . 8  0 .75  

B lood  

E os inoph i l  

c ount  

(x10 9 /L )  

0 .16  0 .31  0 .34  0 .84  

N e utr op hi l  

c ount  

(x10 9 /L )  

5 .11  6 .25  5 .25  0 .64  

A ER D ,  a s p i r in -e xa c e r ba t e d  re s p i ra to ry  d i s e a s e ;  LM ,  Lun d  M a c ka y .  

Fo r  c on t inuous  va r i a b l e s ,  r e s u l t s  a re  d i s p l a y e d  a s  me a n  ±  SD  ( s t a n da rd  

de v ia t ion ) .   

C a te go r i c a l  va r i a b l e s  a re  e x p re s s e d  a s  f re que nc y  a nd  pe rc e n ta ge .  A n  ove ra l l  p -

va lue ,  i nd i c a t ing  the  d i f fe re nc e  be tw e e n  the  th re e  c lu s t e r s ,  w a s  ob t a ine d  u s in g  

a  K rus ka l -W a l l i s  t e s t  fo r  c on t i nuous  va r i a b l e s  a nd  c h i  s qua re  t e s t  fo r  

c a t e go r i c a l  va r i a b l e s .  T he  ove ra l l  p -va lue  < 0 .05  ind ic a t e  t ha t  a t  l e a s t  one  

c lu s t e r  w a s  d i f fe re n t  f rom the  o the r s .  
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Table  23:  Molecu lar  prof i le s  in  s inonasa l  mucosa  of  Cluster  1  sub -

c luster s .  Resu lt s  are  presen ted  as  mean .  Al l  leve ls  are  expressed  as  

x10 - 4 ,  excep t  for  Per iost in  and  MPO.  

 C lus te r  1A  

(n= 6)  

C lus te r  1B  

(n= 15 )  

C lus te r  1C  

(n= 33 )  

Ove r a l l  p -

va lue  

I L -1ß  

(pg /m g)  
8 .8  1 .9  1 .7  0 .03  

I L -4  (pg /m g)  1 .9  0 .1  0 .3  0 .16  

I L -5  (pg /m g)  3 .8  0 .8  3 .4  0 .10  

I L -6  (pg /m g)  24 .1  5 .6  28 .7  0 .01  

I L -8  (pg /m g)  28 .2  5 .0  13 .1  0 .14  

I L -9  (pg /m g)  18 .5  2 .2  2 .4  < 0 .01  

I L -10  

(pg /m g)  
0 .5  0 .03  0 .1  < 0 .01  

I L -13  

(pg /m g)  
1 .2  0 .06  0 .4  < 0 .01  

I L -15  

(pg /m g)  
5 .1  0 .7  3 .8  0 .02  

I L -17A  

(pg /m g)  
0 .82  0 .4  0 .77  0 .50  

I L -31  

(pg /m g)  
9 .3  4 .9  9 .2  0 .68  

I L -33  

(pg /m g)  
256  248  871  0 .01  

G-C S F 

(pg /m g)  
9 .8  2 .3  11 .9  0 .39  

M M P-7  

(pg /m g)  
295  307  754  0 .02  

M M P-9  

(pg /m g)  
335  19 .5  172  < 0 .01  

I FN -

γ (pg /m g)  
3 .1  0 .2  0 .8  < 0 .01  

T SL P 

(pg /m g)  
2 .5  2 .4  7 .4  0 .04  

R A N T E S 

(pg /m g)  
516  48  104  0 .01  

T N F-  

(pg /m g)  
2 .93  0 .17  0 .34  0 .03  

Pe r ios t i n  

(pg /m g)  
4 .6  0 .7  1 .9  < 0 .01  

M PO (pg /m g)  25 .4  2 .27  7 .32  < 0 .01  

IL ,  i n t e r l e uk in ;  G -C SF ,  g ra nu loc y te  c o lon y -s t imu la t ing  fa c to r ;  M M P,  

me ta l lop ro t e ina s e ;  IFN -γ ,  i n t e r fe ron -γ ;  T SL P,  t hymic  s t r oma l  l ymphop o ie t in ;  

T N F- ,  t umor  ne c ros i s  f a c to r   ;  M PO ,  mye lope r ox ida s e .  

A n  ove ra l l  p -va lue ,  i n d i c a t ing  the  d i f fe re nc e  b e tw e e n  the  th re e  c lu s t e r s ,  w a s  

ob ta ine d  u s ing  a  K rus ka l -W a l l i s  t e s t .  T he  ove ra l l  p -va lue  < 0 . 05  i nd ic a t e  t ha t  

a t  l e a s t  one  c lu s t e r  w a s  d i f fe re n t  f rom the  o the r s .  T he  numbe rs  i n  bo ld  ind ic a t e  

t he  h ighe s t  va lue  o f  a  pa r t i c u l a r  va r i a b l e  a mon g  the  th re e  c lu s t e r s ,  w h i l e  t he  

i t a l i c s  i nd ic a t e  t he  l ow e s t  va lue .  
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Discr iminant  ana lys is  

Discr iminant  analys is  us ing  the same  21 va r iab les  used  in  the  

clus ter  analys is  was  pe rformed.  Th is  analys is  wou ld enable the  

iden tif icat ion o f  those measu res  which bes t  separa te  pa t i ents  in to  

clus ters .  Based on th is ,  a  dec is ion tree w as  developed  for  the thr ee  

in i t i al  iden ti f ied c lus ters .  Th is  pe rmu ta t ion tes t  iden tif ied the  cu t -

off  values  for  each node,  in  which pa t i ents  were ass igned to  the  

appropr ia te  clus te r .  Us ing  ad jus tmen t  due to  the s ize  of  clus ters ,  

72.6% of  sub jec ts  in  th is  cohor t  were a s s igned to  the appropr ia te  

clus ter .  The resu l t ing a lgor i thm is  presen ted in  Figure 34 .  

Appropr iat e  c lass if icat ion ranged f rom 43.8% to  100% in  Clus ter  2  

and 3 ,  respec t ively .  The to tal  number  of  pa t ients  on each terminat ion  

and i ts  d is tr ibu tion  agains t  the  c lus te r  as s ignment  is  shown  be low  

each node (5  to  9)  as  a  h is togram.  

 

Figure  34:  Tree analys is  for  the  3  in i t ia l  iden t i f ied  c luster s .  Using  four  

va r iab le s  (Pe r ios t in ,  IL -31 ,  IL -5  and  M MP- 7) ,  sub jec ts  can  be  a ss igned  

to  the  3  c l us te r s :  1 ,  2  and  3 .  

 

As  fur ther  h ierar chica l  c lus ter ing a l lowed for  a  sub - div is ion of  

clus ter  1 ,  th is  ana lys is  was  repea ted fo r  the to ta l  of  5  iden tif ied  
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clus ters .  Aga in,  in  her e ,  the same 21 var iab les  were analys ed.  The  

discr iminan t  ana lys is  showed tha t  the  s tronges t  d isc r iminatory  

var i ables  were Pe r ios t in ,  IL -31,  IL-9 and IL-13.  A  tr ee analys is  was  

performed and is  pres ented on  Figure 3 5.   

 

Figure  35:  Tree  anal ys is  for  the  5  ide n t i f ied  c luster s .  Usin g  four  

va r iab le s  (Pe r ios t in ,  IL -31 ,  IL -9  and  IL-1 3) ,  sub jec ts  can  be  a ss igned  to  

the  5  c lus te r s :  1 A,  1 B,  1 C,  2  and  3 .  

 

However ,  in  th is  t r ee ,  only  53.4% of  subjects  in  the curr en t  cohor t  

were ass igned to  the appropr ia te  c lus ter .  To note,  the f i rs t  two  nodes  

of  both  trees  con tain  the same mo lecules  and prov ide the same  

resul ts  for  clus ter  ass ignmen t ,  sugges t ing  tha t  a  s imple  method  for  

endotyping  CRS subclass es  can be  based on these two  biomarkers .  

 

7 .4  Discuss ion  

This  s tudy  was  a  ret rospect ive  analys i s  of  the  express ion of  

explo ratory and va l idated biomarkers ,  w ith  the aim of  exp lor ing the  

hypothes is  that  b iomarkers  may iden tify  previous ly  unrecognised  

CRS endotypes .  We used data f rom 21  pre - iden tif ied  b iomarkers  

within  a  cohort  of  73 CRS pat ients .  Through c lus ter  ana lys is ,  we  



   

 

 161 

at t empted to  iden tify  endotypes  of  CRS  with  dis t inct  prof i l es  of  

immune f ea tures  and  iden tify  associat ions  between these endotypes  

and c l in ical  character is t ics .  As  the  immune sys tem is  known to  

in tervene  in  the pa thophys iology  o f  CRS,  these  biomarkers  were  

iden tif ied as  poten ti al ly  ref lect ing the ac t ive mo lecular  processes  in  

diseas e af fec ted  t is sues ,  e .g . ,  nose and nasal  mucosa .  

Clus ter ing  of  a l l  pa t i ents  w ith  CRS based  on  cy tokine  

measu remen ts ,  i r r espect ive of  thei r  phenotype,  r esul ted  in  an  

optima l  ou tcome  of  5  d is t inct ive  c lus ters .  As  discussed pr ev ious ly  

in  th is  work,  CRS  is  no t  a  homogeneous  inf l ammatory disease,  but  

ins tead i t  pres ents  a  wide d ivers i ty  of  inf l ammatory prof i les .  A 

s imi lar  s tudy  by Tomassen et  al .  (65) ,  a lso  observed  cons iderable  

data var i ab i l i ty  wi thin  a  CRS cohor t ,  demonstr at ing that  mult ip le  

clus ters  could  be d is t ingu ished .  Three in i t i al  c lus ters  were iden tif ied  

with  d if fe ren t  in f lammatory pro f i les  and d if fe ren t  c l in ical  

pheno types ,  r ef l ec t ing the importance of  endo type s  in  c l in ical  

prac t i ce.   

CRS was  class i f ied based on i ts  c l in ical  charac ter is t i cs ,  as  nas al  

polyps .  A sh if t  i n  th is  paradigm has  been obs erved l at ely ,  with  

resear ch focus ing on def ining endotypes  for  CRS.  T he majo r  

assumpt ion o f  the pr evious  c lass if icat ion was  tha t  a l l  pa t i ents  w ith in  

a  specif ic  pheno type have s imilar  d iseas e charac ter is t i cs  and  shou ld  

be managed  wi th  the  same  therapeu ti c  r egimen.  As  seen  in  chap ter  

1 ,  CRS pat ien ts  with in  the same phenotype do not  respond s imilar ly  

to  t rea tment .  Thus ,  the purpose  of  th is  s tudy was  to  improve  the  

unders t and ing of  CRS mechan isms ,  and  to  develop  a  cl ass if icat ion  

algor i thm tha t  would r ef l ec t  the he te rogenous  pa thophys iology of  

CRS.  To accomplish  th is ,  a  cohort  of  CRS pat ien ts  was  recru i t ed and  

ana lysed for  21  biomarkers .  This  coho rt  included a var i ety  of  CRS  

man ifes tat ions ,  to  t ru ly  re f l ect  and ana ly se the whole spect rum of  

CRS man ifes ta t ions .  

To da te,  iden tif ica t ion of  CRS subtypes  was  performed through  

the s tr at i f i ca t ion of  phenotypes ,  or  the s tudy of  a  small  number  of  
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molecu les  in  a  r es tr ict ed CRS group .  Severa l  s tud ies  have focused  

on eos inoph il ic  and  non - eos inophi l i c  inf l ammat ion  in  CRS and  i ts  

associated mol ecu les ,  l ike  IL- 5 and IgE (20,115,157,159,168,173) ,  

guiding the therapeut ic  managemen t o f  such pat ients  th rough  

biologics  (174– 177) .  The c lus ter  ana lys i s  descr ibed  in  th is  s tudy  

iden tif ied  f ive g roups  of  pa t i ents  with  CRS who di f fer  in  cl in ical  

and in f l ammatory va r i ables .  Clus ter  1  con tained the hi ghes t  number  

of  pa t ients  and the h ighes t  var i abi l i ty  of  b iomarker  express ion  

across  sub jects .  A lmost  a l l  sub jects  in  C lus te r  1  pr esen ted  polyps ,  

and i t  repor ted  the h ighes t  neut roph il  count  and SNOT - 22 sco re.  

Accord ing to  Succar  et  a l ,  decreased qual i ty  of  l i fe  in  CRS pat ients  

is  associated wi th  high neu troph il ic  in f lammation (178) ,  wh ich  

migh t  exp la in  the resu l ts  in  ou r  cohor t  as  well .  This  c lus ter  had the  

highes t  mean  age .  A previous  s tudy  assoc iated  elder ly  CRS pat ien ts  

with  a  pro inf l ammatory neu troph il ic  endotype  (179) ,  which cou ld  

also  be ident if i ed  in  Clus ter  1 .  Diff er ing f rom this  s tudy,  pro-

inf l ammatory cytokines  were not  inc reas ed in  th is  clus ter ,  which  

could  have been caused  by the sample type pr efer red  in  our  s tudy  

(nasa l  t is sue ins tead of  mucus) .  

Clus ter  2  was  character is ed in  our  s tudy  by a high eos inophi l i c  

count  and LM s core .  Pr evious  s tudies  have  repor ted eos inophi l i c  

CRS with  higher  LM s cores  (180–182) .  This  g roup also  pres ented  

the highes t  leve ls  of  pro -  and  an ti - inf lammatory markers ,  TH9-  and  

TH2-associated cytokines .  Subjects  pr esented the  h ighes t  atopy  

levels  bu t ,  as  IgE was  no t  included in  th is  ana lys is  due to  incomple te  

assessmen t ,  th is  cou ld no t  be conf irmed .  However ,  we d id  measure  

the IL-10 levels ,  wh ich is  rel at ed to  a l le rgic and AERD syndr omes  

(63,67,73,121,124,126) ,  and thes e were increas ed in  th is  group .  Th is  

clus ter  presented a mixed immune r esponse ,  conf irming tha t  CRS is  

a  heterogeneous  inf l ammatory  dis ease  that  act ivates  numerous  

pathophys io log ic pathw ays .  

Las t ly ,  c lus ter  3  w as  the smal les t  one,  includ ing on ly  3  pa t ients .  

Accord ing to  the analys is ,  th is  clus ter  can be composed of  ou tl iers  
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only ,  as  th is  group p resen ted several  b iomarkers  which were  

expressed  a t  f ar  h igher  r at es  than  con tro l s  or  o ther  clus te rs .  Many  

of  the inf lammatory  markers  s tudied in  th is  work  were  incr eased in  

th is  group,  though no  par t i cular  inc idence of  c l in ical  f ea tur es  were  

observed  in  th is  g roup .  This  clus ter  w as  the most  homogenous  fo r  

cl in ical  charac ter is t ics ,  as  i t  was  compos ed o f  on ly  3  subjec ts ,  and  

none pres ented a topy,  A ERD, as thma o r  smoking h is tory .  As  a  

sugges t ion for  fur ther  s tud ies ,  i t  would be in teres t ing to  see if  any  

of  these c l in ical  featur es  can impac t  upon the express ion of  

inf l ammatory markers ,  even on a gene tic  level ,  as  individuals  

withou t  these c l in ical  f ea tur es  presented the h ighes t  exp ress ions  of  

b iomarkers ,  whi le  p resen ting  no r espir ato ry comorbidi t y .  

Next ,  a  cl ass if i ca t ion tr ee to  he lp  al loca te pat ients  in to  c lus ter s  

was  performed.  S imilar  c lus ter ing t echn iques  have been performed  

in  CRS,  as thma and o the r  inf lammatory  diseas es  (59,60,65,183) .   

Trad it iona lly ,  they a re cl ass if i ed in to  c lus te r s  based  on c l in ical  

charac ter is t i cs ,  however ,  th is  a lgor i thm is  no t  good for  data  wi th  

miss ing values  for  machine  learn ing.  Therefore ,  our  analys is  cou ld  

not  inc lude cl in ica l  var iab les  for  analys is ,  as  they con ta ined  miss ing  

values ,  and only  the 21 labora tory var i ab le s  were included.  Of  the  

21 s tudied var iab les ,  th ree were assoc ia ted with  T H2 (IL-5 ,  IL-31  

and P er ios t in )  and  ano the r  one  was  a  me tal lopro te inase (MMP -7) .  

From these resu l ts ,  we cou ld see tha t  Per ios t in  was  a  good s elec tor  

for  our  clus ter  3 ,  as  al l  subjec ts  wen t  in to  th is  same  node.  Also,  

clus ter  3  had a h ighly  successfu l  appropr ia te  cl ass if icat ion r at e .  

Clus ter  2  showed the lowes t  app ropr iat e  class if i ca t ion percen tage;  

however ,  us ing IL-31 as  a  cut -off  va lue s eems  a good class if i er  for  

th is  c lus te r ,  as  only  these pat ien ts  are d is t inguished a t  th is  d ivis ion .   

There was  one l arge group (c lus ter  1) ,  compared wi th  the other  

clus ters .  Fur ther  h ie rar chica l  c lus ter ing  showed us  that  clus ter  1  w as  

compr ised of  3  sub- groups ,  clus ter  1A,  c lus ter  1B and  c lus te r  1C.  

Clus ter  1A  was  compris ed  of  pa t ients  pr esent ing  mixed immune  

responses ,  as  both  eos inoph il ic  and neutrophil ic  markers  were h ighly  
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expressed in  th is  group .  This  cha l l enges  the  dicho tomy  of  

eos inophil ic /non - eos inophi l i c  CRS,  and  encourages  fur ther  s tud ies  

to  charac ter ise th is  c lass if icat ion .  These  resul ts  support  prev ious  

resear ch  f ind ings  by  demonst rat ing  that  over l ap o f  T H2-mediato rs ,  

even if  par t ia l ,  can be observed betw een e-CRS and ne- CRS (150) .  

However ,  th is  cl ass if icat ion is  t r adi t iona lly  based  on h is to log ica l  

ana lys is  (173) ,  wh ich  was  no t  performed  in  our  s tudy ,  so  no f irm 

conc lus ion can be dr awn  here.  As  th is  clu s ter  has  a  small  number  of  

subjects ,  th is  clus ter  could  pr esent  an  abnormal  exp ress ion  of  

b iomarkers ,  so  these resul ts  requir e val idat ion  wi th  b igger  cohorts .  

Clus ter  1B could be cl ass if i ed as  neu troph il i c  CRS ,  as  i t  pres ent ed  

the h ighes t  value of  these ce l ls  among the 3  sub -clus ters .  As  seen  

previous ly  when des cr ib ing C lus ter  1 ,  th i s  is  the g roup dr iving the  

poss ible co rre la t ion  be tween  neutrophi l  b lood coun t  and sever i ty  

scored by  LM and SNOT-22  score  (178 ) .  

We observed  that  Clus te r  1C  contained  the h ighes t  eos inoph il  

b lood count ,  but  pr esen ted none of  i ts  ass ociated bioma rkers .  Aga in,  

no his tolog ical  ana lys is  w as  performed in  th is  s tudy to  r el ate  the  

blood l eve ls  with  in -s i tu  leve ls ,  which  are cur ren tly  used to  

charac ter ise e -CRS.  

More,  our  resul ts  conf irmed that  nasa l  polypos is  is  a  cond it ion  

tha t  af fec ts  o lder  men  (184) ,  as  our  resul t s  demons tra ted  an  increase  

in   the f r equency  of  po lyps  wi th  age  in  male  pa t i ents .  

The b inary c lass if i ca t ion  tr ee,  cons truc ted for  the to tal i ty  of  

clus ters ,  pr esen ts  the same  f inal  resu l ts :  same number  of  c lass if ier  

var i ables  (n=4)  and d is tr ibu tion of  c lus ters  per  node.  How ever ,  of  

the ident if i ed var iab les ,  thr ee  were  associated wi th  TH2  (IL- 31,  IL-

13 and  Per ios t in)  and one was  assoc ia ted  with  TH9  pa thway  (IL- 9) .  

The b eginning of  ou r  t r ee conf irms  that  Pe r ios t in  and IL -31 a l low us  

to  charac ter ise ou r  popula t ion.  Nonethe less ,  these  resu l ts  would  

need to  be val ida ted  a t  a  h igher  s ca le (higher  cohort) ,  to  add ress  

poten ti al  out l i ers  as  explained p rev ious ly .  
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These  b inary  t rees  can be  very  us eful  in  charac ter is ing  

inf l ammatory ent i t ies  and  have been  used previous ly  in  as thma  

charac ter isat ion.  However ,  here  they  were  only  used  as  an  

explo ratory theo ry  as  some  of  our  smal l  c lus ters  could  be  out l i ers ,  

and their  exis tence may aff ec t  th is  model  s ign if i cant ly  s ince  the  

sample s i ze is  smal l .   

Clin ical  data ar e no t  included in  the c lus ter  analys is  s ince on ly  a  

smal l  subse t  of  subjec ts  had these var i ab les  completed.  A pos t-hoc  

ana lys is  of  these var i ables  wi th in  the c lus ter’s  sub jects  p rovided  

poten ti al  ins ight  in to  the c l in ical  manif es tat ions  of  CRS tha t  might  

be r el ated to  the dif f erent  molecula r  groups .  One o f  the goa ls  of  th is  

work was  to  corre la te  the ident if i ed g roups  to  CRS evo lut ion.  

However ,  fo l low-up 1-year  pos topera t ively  was  not  poss ible for  al l  

subjects ,  due to  the smal l  durat ion of  th is  s tudy.  Future s tud ies  

should inves t igate and character is e these var i ables .  

As  s tated pr ev ious ly ,  o ther  groups  have r epor ted s imi lar  

mode ll ing approaches  to  inves t igate CRS endo types  (65,150) .  The  

overa l l  purpos e  and  methodology can be  dive rse,  bu t  the s ize and  

demograph ics  of  the cohor ts ,  and the number  and type of  var iab les  

used ,  d if f er  f rom othe r  s tudies .  The clus te r  analys is  by Tomassen e t  

a l .  has  s imi lar i t ies  to  th is  s tudy ,  bu t  was  performed in  a  larger  cohor t  

(n=173)  and used f ewer  var i ables  to  generate  the clus ters  (14 versus  

21 in  th is  s tudy)  (65) .  Al though  some var i ables  were t he  same as  

those us ed in  th is  s tudy (8  var iab les  over l apped ) ,  we took an  

innovat ive approach by  us ing  a  l arger  poo l  of  b iomarkers  ident if i ed  

through  our  sys temat ic  r ev iew.  

The r esul ts  f rom the pr esen t  s tudy  look promis ing ,  us ing a  

rel at ive ly  large cohor t  w ith  an  a lso  r e lat ively  high number  of  

b iomarkers .  In  th e p resen t  s tudy,  our  in i t ia l  cohor t  of  subjec ts  can  

be cl ass if ied as  re la t ively  b ig ,  compared with  s imilar  s tud ies  

(75,155) ;  how ever ,  such  s tud ies  are  normally  very  res t r i ct ive in  the ir  

inc lus ion cr i ter ia ,  which genera tes  more cons is ten t  r esul ts  o f  a  
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cer tain  CRS man ifes tat ion .  S imilar  s tudies  wi th  larger  cohor ts  

(64,65)  looked for  a  smal l  number  of  b iomarkers  than ou r  s tudy.   

In  order  to  ver ify  th is  s tudy resu lts  and fur the r  charac ter ise CRS  

groups ,  f u tur e s tudies  should  a im for  l arger  cohorts ,  keep ing  or  

incr eas ing the number  of  var i ables  to  inves t ig ate.  More,  the focus  

on c lass if icat ion binary trees  shou ld be under taken,  as  such  mode ls  

can prov ide cut - off  va lues  that  can gu ide cl in icians  and resear chers  

on the  management  of  CRS.  The MACRO s tudy  wi l l  permi t  f or  a  

b igger  r ecru i tmen t  o f  pat i en ts  across  severa l  cent res ,  a l lowing for  

fur ther  inves t iga t ions  of  these  pre l iminary resul ts .  

 

Key po ints :  

•  Three in i t ia l  c lus te rs  of  pa t ients  were found tha t  des cr ibed our  

populat ion of  73 subjec ts ;  

 •  Three more c lus ters  were ident if i ed wi th in  one o f  the in i t ia l  

c lus ters ,  leading  to  a  to tal  of  6  c lus ters  in  our  popu la t ion;  

•  Molecula r  prof i l es  were de f ined for  each clus ter ,  and  some  

biomarkers  cou ld be r el at ed to  typical  c l in ica l  f ea tures ,  for  ins t ance,  

neutrophi l  count  wi th  h igh SNOT -22 sco re,  eos inophi ls  with  high  

LM scores ,  or  IL-10 w ith  al lerg ic  and A ERD syndromes .  
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VIII –  Time-dependent  effect  of Clarithromycin on 

pro-inflammatory cytokines in human A549 cell line  

 

8 .1  Int roduc tion  

Despit e  i ts  prev alence and impac t  on hea l th ,  chron ic rh inos inus i t is  

aet io logy remains  incomple te ly  unders tood (185) .  Diagnos is  is  

pr imari ly  based on c l in ical  symptoms,  with  endoscopy or  

compu ter ised  tomography  (CT) scans  us e d to  ass is t  d i agnos is  by  

showing presence o f  mucosa l  changes  and nasal  polyps .  This  enab les  

a  d ivis ion in to  phenotypes  –  CRSw NP and CRSsNP,  wh ich  

f requent ly  guides  d iagnos is ,  prognos is ,  and tr ea tment .  However ,  th is  

class if i ca t ion  does  no t  r ef l ec t  heterogenei ty  o f  CRS  in  c l in ical  

presen ta t ion ,  pathology and ther apeu ti c  response (185,186) ,  as  

d iscussed  in  chap te r  1 .  

As  seen previous ly  in  th is  work,  the pa thophys iologica l  

mechan isms under lying  CRS involve  ce l lu lar  inf i l t ra t ion  of  

neutrophi ls ,  macrophages  and p roinf lammatory  cytok ines  associated  

with  helper  T ce l l  type 1 ,  2  and 17 (187) .  More,  r esear ch has  been  

under taken to  analys e the cytok ine s ignatures  assoc ia ted  with  TH 1,  

TH2  and  T H17  inf lammat ion  to  he lp  us  sub type accord ing  to  endotype  

rather  than phenotype.  A more robus t  express ion of  these cytok ine  

markers  cou ld serve as  an a id  for  guiding ther apeu ti c  decis ions  in  

the futur e.   

Recent ly ,  i t  has  been sugges ted tha t  seve ral  macro lides ,  such as  

eryth romycin ,  azi thromyc in,  and clar i thromyc in,  are  eff ec t ive for  

the t reatmen t  of  r espir ato ry dis eas es  includ ing CRS.  Macrol ides  

inhib i t  and ki l l  pa thogens  and  down -regulate  p ro - in f l ammatory  

mechan isms (188,189 ) .  Whi le  long term low dose  macro li de the rapy  

is  t r adi t iona lly  used in  the  management  of  CRS,  the exac t  r ole  

macrol ides  p lay  in  i ts  management is  unclear .  The  Nat ional  I ns t i tu te  

for  Hea lth  and Care Exce ll ence (NICE) has  no c lear  gu idance on  

dosage,  durat ion of  ther apy or  the pat ient  groups  mos t  l ikely  to  
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benef i t ,  bas ed on an in terna t iona l  consensus  s tat ement  pub lished in  

2016 (63) .  Sys temat ic  r eviews  publ ished in  r ecent  years  have  

conc luded tha t  macrol ides  may  be  eff ec t ive in  improving endoscopic  

and CT s cores  in  CRS pa ti ents  compared to  base l ine ,  bu t  that  

ef fect iveness  is  l ikely  to  depend on app ropr i ate  pa t i ent  selec t ion  

(190–192) .  The an ti - inf lammatory mechan isms of  macrol ides  in  CRS  

managemen t are  an  area of  act ive  r esearch,  w ith  much  of  the  

evidence based on s tudies  of  rel at ively  s mal l  sample s izes .  A 2019  

sys temat ic  review of  22 randomis ed con trol l ed tr ia ls  iden ti f ied tha t ,  

in  CRS pa ti ents ,  macro lides  may downregula te  express ion of  pro -

inf l ammatory cytokines  IL -1β,  IL -6 ,  TNF-  and IL-8,  amongs t  

o thers  (193) ,  and  that  a  decreas e in  T H - 2  cy tokin es  were r epor ted  

more f r equent ly  than a decrease in  T H1 .  In  th is  rev iew ,  au thors  

recommended fur ther  r esear ch to  exp lo re the exact  mechanisms  

under lying  the immunomodulatory eff ec ts  of  macro lides ,  to  opt imise  

usage and iden tify  app ropr iat e  pat ien t  groups  w ho may benef i t .  

Evidence examining the re lat ionsh ip  between t ime -dependent  

macrol ide exposure or  concen tra t ion -dependent  macro lide exposure  

and cy tokine responses  in  CRS is  ext remely l imi ted .  Two s tud ies  

examin ing cytok ine express ion in  mice fo l lowing macr o lide ther apy  

sugges ted tha t  d if f eren t  exposure t imes  to  macro lides  may  r esul t  in  

dif fer en t  changes  in  cytok ine  express ion (194,195) .  Dura t ion of  

macrol ide  therapy  may be a  factor  in  res pons iveness  to  macro lide  

ther apy in  CRS,  but  fur ther  s tud ies  are  required  to  e s t abl ish  whe ther  

var i at ion in  express ion of  cy tok ines  impl icated in  CRS occurs  

depending on durat ion of  macro lide expos ure.   

Whi le  macro lides  may be eff ec t ive in  some cases  of  CRS,  a  l ack  

of  unders t and ing and guidance on approp r ia te  an t ibio t i c  usage has  

resul ted in  unnecessary presc r ip t ion of  ant ibio t i cs .  Th is  rais es  

concerns  as  th is  can have long - term consequences  by  promot ing  

ant imicrob ia l  res is tance to  an t ibio t i cs ,  with  one s tudy demonstr at ing  

an increase in  propor t ion of  macrol ide res is tan t  s treptococci  

fol low ing macrol ide therapy  (188,196) .  This  r isk  appears  to  be  
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grea ter  i n  long term the rapy compared to  shor t  term therapy (197) .  

Antimicrobial  res is t ance is  cons idered  a s ignif icant  th rea t  to  

pat ien ts ’  saf ety  in  Europe (198)  and promotion  of  appropr iat e  

ant ibio t i c  usage is  par t  of  the UK’s  5 -yea r  ant imicrobial  r es is tance  

s trat egy (199) .  Other  concerns  with  macro lide usage inc lude the r isk  

of  adverse  e ffects ,  such  as  Clos tr id ium d if f i ci le  co l i t is  and  ef fec ts  

on cardiac conduct ion (200) .   

A bet t er  unders tand ing of  macro lides  involved in  CRS,  such  as  

the ir  mechan isms of  ac t ion  and t ime dependent  ef fec ts ,  cou ld  enab le  

us  to  pr edict  pat ien t  r esponses  to  macro lide therapy and enable a  

more personal ised treatmen t  p lan  (73,201) .  For  ins tance,  i t  wil l  help  

us  unders tand whe ther  h igh  doses  in  the shor t  term are  more  

benef ic ia l  than lower  doses  in  the long - te rm (188 ,202) .  

In  th is  s tudy ,  cl ar i thromyc in was  selected  ra ther  than  

eryth romycin ,  s ince two r eviews  have r aised concerns  about  i ts  

card iac toxici ty ,  espec ia l ly  in  pa t i ents  pr esenting a  long QT interval  

(203,204) .  Moreover ,  c l ar i thromyc in  was  selected ra ther  than o the r  

macrol ides  due to  i ts  character is t ic  of  ther apeu ti c  serum 

concentr at ions  and high  t is sue concen tra t ions  (205) ,  and  has  been  

descr ibed  as  hav ing an immunomodu latory ef fec t  on r espir atory  

diseas es  and  a lso  CRS (206–208) ,  th rough the inhibi t ion of  

neutrophi l i c  inf l ammat ion and macrophage act iva t ion  (193) .   

In  sum mary,  c lar i thromycin  was  pr efer red  s ince e rythromycin  has  

poor  to le rab il i ty ,  previous  randomized  contro l led  tr ia l  r evealed poor  

eff i cacy  with  azi thromyc in adminis tr at ion and roxi thromyc in has  

l imited  avai lab i l i ty  in  the  UK.  Clar i thromyc in ,  on the  o ther  hand,  

is  read ily  avai l ab le in  the UK with  a  r eas onable s ide -ef fec t  prof i l e  

(209)  and i t  is  curren tly  r ecommended as  an option by EPOS and  

ENT-UK rh inos inus i t is  commiss ion ing gu ide l ines  for  the t r ea tm ent  

of  CRS pa ti ents  in  a  secondary care  set t ing  (23,210) .  

Therefore,  the  aim of  th is  chap ter  was  to  explo re and compare the 

ant i - inf lammato ry ef fec t  of  cl ar i thromycin in  v ivo on dif f eren t  
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inf l ammatory med ia tors ,  with  dir ec t  corre la t ion on dif fer ent  

pheno types  o f  CRS.  

 

8 .2  Mater i als  and M ethods  

8 .2 .1  E thics  s t at ement  

All  exper imen ts  were eva lua ted  and  app roved  by Eas t  Mid lands  -  

Leices ter  Centr al  Research E thics  Commi ttee  (Appendix E) .  Due to  

methodo logica l  is sues ,  the A549 cel l  l ine r ather  than pat ient  samples  

were us ed to  ob ta in  the  f inal  resu l ts .  A ll  pat i en t  t is sue s amp les  w ere  

disposed  of  accord ing to  the  pr inc iples  of  the Human  T issue A ct  

2004.  

 

8 .2 .2  Cell  cu l tur e  

The cel l  l ine us ed in  th is  work was  A549  adenocarcinoma human  

alveolar  bas al  epi the l i al  ce l l  l ine,  which is  used nowadays  for  both  

bas ic  research and drug  discovery .  I t  was  deemed as  a  good  

replacement  for  ep i thel ia l  cel ls  cul tur e f rom CRS  pa ti ents  due  to  i ts  

s imi lar i ty  to  the  nasal  mucosa l  t is sue.  The l ine w as  ob ta ined f rom 

another  r esea rch team ( Chris  Mor r ison’s  group ,  BMRC,  Univers i ty  

of  Eas t  Ang li a)  and cu ltur ed in  Du lbecco’s  Modi f i ed Eag le’s  

Medium -  low g lucos e (S igma Aldr ich,  Merck,  Germany) .  Th is  me dia  

was  supplemen ted w ith  10% foe ta l  bovine serum (FBS) and 1% of  

penici l l in  and s tr eptomycin.  

Cel ls  were incubated under  cond it ions  of  5% CO2 and 37°C,  and  

med ium was  changed  dai ly .  A ll  cel l  cul ture  work  was  performed  

under  s te r i le  condi t ions .  The tr ypLE (a  cel l  d issoc ia t ion enzyme 

s imi lar  to  t ryps in)  and phospha te bu ffe red solu t ion (PBS) were  

purchas ed f rom Thermo Fisher .  

When  the A549 ce l l  l ine  is  cu l tu red,  a  monolayer  is  f ormed,  wh ich 

becomes  adherent  to  the base of  the cu l tur e f l ask.  Th is  type o f  

monolayer  grow th al lows  for  the calcula t ion and unifo rm 

dis tr ibut ion o f  the cel ls  wi thin  a  24 -wel l  p la te .  
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8 .2 .3  Cell  counts  and v iab il i ty   

All  f resh ly  iso la ted  ce l ls ,  f or  t is sue cu lture or  c ryopreservat ion  

were coun ted  and  assessed for  v iabi l i ty ,  based on tryp an b lue  dye  

exc lus ion.  A s mall  volume (10μl)  of  the s amp le  was  transf err ed to  a  

well  of  a  round bot tom 96 wel l  p lat e  (N unc)  and di lu ted 1:1  with  

0 .4% trypan b lue (S igma-Aldr ich ) .  The cel ls  were then coun ted us ing  

a hemocy tometer  (Neubauer )  to  enable a  v iab i l i ty  coun t  under  a  l ight  

mic roscope (Olympus ,  Japan)  us ing the x40 objec t ive.  Assessmen t  

was  made according to  the  appearance of  cel ls  under  the  microscope :  

cel ls  wi th  a  phase br igh t  appearance were viab le ce l ls ,  whereas  ce l ls  

s tain ing  dens ely  with  t rypan  b lue  were  dead.  The b lue  co lour  is  

caused by  the in take of  t r ypan b lue when ce l l  membranes  ar e  

dis rupted.  The percen tage viab il i ty  was  calcula ted by coun ting l ive  

and dead ce l ls .  

 

8.2 .4  Cy tokine s elect ion  

A l i t era tur e search w as  conduc ted on  MEDLINE OVID for  

sys temat ic  rev iews  publ ished  be tween the years  2000 -2018  

examin ing the  immunopa thology of  CRS.  F ive  cy tok ines  w ere  

selected for  inclus ion in  th is  s tudy:  IL - 1β,  IL - 4 ,  IL-5 ,  IL-8,  GM-

CSF.  As  th is  is  an  exp lora tory  s tudy,  these f ive cytokines  were  

chosen  among numerous  others  r el at ed to  CRS.  Se lec t ion was  bas ed  

upon the act ion of  cy tok ines  on dis t inc t ive CRS pheno types  

iden tif ied  wi thin  the  l i t era tur e search.  While  IL -5  is  w ide ly  s tud ied  

and assoc ia ted wi th  eos inoph il ic  CRSwN P,  GM -CSF,  IL-1B and IL-

8 are known ac tors  on neutrophi l i c  CRS.  IL -4 induces  the TH2  

dif fer en ti at ion and  IgE  c lass  sw itching  and was  p roven  in  ou r  work  

to  be  assoc ia ted great ly  wi th  CRS.  

 

8 .2 .5  C lar i thromycin  

The pharmacy depar tment  of  the James  Paget  Univers i ty  Hospi tal  

(Gor les ton,  Uni ted K ingdom) suppor t ed th is  work by provid ing the  

cla r i thromyc in used in  the exper iments  (Clar i thromycin 500 mg  
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powder  for  concen tra te  for  solu t ion for  infus ion,  Hameln,  Germany) .  

Recons t i tu t ion of  powder  was  perfo rmed  accord ing to  the  

manufac tur er’s  ins truct ions .  The ob ta ined solut ion of  50mg/ ml  

cla r i thromyc in was  fur ther  d i lu ted to  0 .064mg/ml ,  us ing the same  

solut ion of  PBS and DMEM us ed for  the  es tab l ishment of  the cel l  

cul ture.  This  d i lu t ion was  chos en as  i t  co rresponds  to  the minim um 

inhib i tory  concentr at ion o f  c lar i thromycin (211) .   

 

8.2 .6  Cell  cu l tur e and c la r i thromyc in tr ea tment  

To genera te  ep i thel ia l  cel l  media,  A549 cel ls ,  a t  an  in i t i al  coun t  

of  0 .05x106  cel ls ,  w ere  grown  in  24 -w el l  cul ture  p la tes  (Nunc)  un ti l  

conf luen t .  Befo re t rea tment ,  supernatants  were harves ted f rom each  

well  and s tored at  - 80°C,  to  fo rm ou r  basel ine samp les .  Af ter  

incubat ion  with  0 .064mg/ml clar i thromyc in so lut ion  for  4 ,  12,  24 ,  

48 or  72 hours ,  superna tan ts  were co l l ec ted and s tored at  -80°C .  The  

cel ls  were then washed twice wi th  PBS ,  and media were rep laced  

with  f resh  cu ltu re  media so lut ion to  avo id dir ec t  ef fects  of  

cla r i thromyc in on ce l ls  survival .  Superna tan ts  were again  gathered  

af t er  an add it ional  24h of  incubat ion and s tored a t  -80°C un ti l  

ana lys is .  

 

8.2 .7  Enzyme- l inked immunosorbent  assay (ELISA)  

Cel l - f ree superna tan ts  were quant if i ed fo r  levels  of  IL -1ß,  IL -4,  

IL-5,  IL-8  and  GM-CSF us ing a  human cy tokine 5 -plex pane l  

(Procar taP lex Mix&Match Human  5 -plex,  I nvi trogen,  

Massachuse t ts ,  Uni ted S ta tes ) ,  accord ing to  the  manufactu rer’s  

ins truct ions .  D etec t ion  l imit  was  0 .5  pg/ ml.  All  da ta  was  co llected  

and ana lysed  us ing the  Luminex  200  sys tema  and Luminex  

XPONENT 3.1  Patch (Luminex Corpora t ion,  Aus tin ,  Un it ed S tates ) .  

The  median f luoresce nce in tens i ty  o f  the  unknown sample  was  then  

conver ted in to  a  va lue (pg/ ml)  based  on the  known  cy tok ine  

concentr at ions  o f  the s t andard curve us ing a 5 - paramete r  regress ion  

formu la.   
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8 .2 .8  S tat is t i ca l  ana lys is  

S tat is t ica l  analys es  were perfo rmed us ing RS tu d io (vers ion  

1 .4 .1106,  RStud io ,  Inc. ) .  For  cont inuous  var i ables ,  r esul ts  were  

expressed as  means  and s tandard deviat ion in  box plo ts .  Data  

dis tr ibut ion was  tes ted fo r  normal i ty  us ing the Shap iro -Wilk tes t .  

Comparisons  were calculated by  us ing  Kruska l -Wal l is  and  

Benjamini -Hochberg cor rec ted p-va lue fo r  mult ip le  comparisons .  A  

p-value less  than 0 .05 was  cons idered s t at is t i ca l ly  s ign if i can t .  

 

8.3  Resu lts  

8 .3 .1  Cell  cu l tur es  

The trypan blue dye exclus ion t es t  was  performed on the cu l tur e  

superna tan ts  af ter  incubat ion.  There was  no s ignif icant  d if fe rence in  

cel l  v iabi l i ty  betw een  the treatmen t  and  contro l  specimens  (data no t  

shown).  

 

8 .3 .1  Effects  of  c lar i thromycin  on  in -vi tro  cy tok ine  and 

chemokine  express ion  

Clar i thromycin  in  the  dose  used in  these exper iments  did  no t  

exhib i t  s ign if i can t  e ffects  on ce l l  v i abi l i ty  ( resul ts  no t  shown).  

We s t ar t ed by ana lys ing the eff ec ts  of  c la r i thromycin on in - vi tro  

rel ease of  cytokines  (GM -CSF,  IL-1β,  IL - 4  and IL- 5)  and chemok ine  

( IL-8)  by A459 ce l ls .  

I t  was  seen tha t  these  ce l ls  produced IL - 1B,  IL- 4 and IL- 8 even  

withou t  s t imu la t ion ( Figu res  36- 40,  incubat ion t ime 0) .  However ,  

the concentr at ions  of  IL -5 and GM-CS F were low or  be low the  

detect ion thr eshold  in  each group and we were unable to  analys e the  

poten ti al  immunomodu la tory effect  of  c la r i thromycin.  

After  4  hou rs  of  incuba tion with  cl ar i thromycin,  ther e was  a  

reduc tion in  IL -1β  and  IL -4  concentr at ions .  Remova l  of  t r ea tment  

incr eased levels  c loser  to  basel ine,  bu t  these  r esul ts  were  not  

s tat is t ica l ly  s ign if i can t .  More,  IL -8 concen tra t ions  s ign if i can tly  
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reduced af te r  4  hours  of  incubat ion wi th  c l ar i thromyc in.  Th is  d id  not  

pers is t ,  and the IL-8 concent ra t ion increas ed af te r  remova l  of  

cla r i thromyc in .  However ,  th is  con tinued to  be a  s igni f ican t  resu l t  

compared  with  the basel ine  resu l t  (F igure  36) .  

 

 

Figure  36:  Incubat ion  for  4  h  -  c lar i thromyc in  impact  on  pro -

in f lammatory  med iators’  secre t ion .  Figure  shows t he  im pac t  o f  

c la r i th romyc in ,  r e spec t ive ly ,  on  IL -1 β,  IL -4  and  IL -8  r e lea se  by  A 459  

ce l l s .  Be fore  ( incuba t ion  t ime  0) ,  a f te r  co - i ncuba t ion  ( incuba t ion  t ime  

+4h) ,  and  24  h  a f te r  wash -ou t  ( incuba t io n  t ime  +24h) ,  c e l l  cu l tu re  

supe rna tan ts  we re  ana lysed  for  the  p re sence  of  the  ind ica ted  cy tok ines  by  

Luminex®.  Va lues  a r e  expre ssed  a s  mean  ±  SEM f rom 8  indepe ndent  

expe r iments .  

 

To ana lyse  if  a  longer  incubat ion t ime  wi th  c lar i thromycin  would 

cause  s imilar  pa t t erns ,  ce l l  cul tur es  were  incubated wi th  t reatmen t  

for  12 h  (F igure 37) .  

Clar i thromycin  a t  12h inh ibi ted  IL - 1B p roduc tion,  bu t  th is  was  

revers ed 24h af t er  remova l  o f  t reatmen t ,  r eturn ing  to  va lues  c lose  to  

basel ine  levels .  On the o ther  s ide,  ther e was  l i t t le  d if fe rence in  

concentr at ions  of  IL -4  fol lowing incuba tion  wi th  cl ar i thromyc in.  

Twenty-four  hours  af t er  r emoval  of  t rea tmen t ,  we cou ld obs erve  a  

s l igh tly  s ign if i cant  decrease on IL -4  leve ls  (p=0.046) .  After  

incubat ion for  12 hours ,  the IL -8 concentr at ions  reduced.  Afte r  
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subsequen t  remova l  of  cl ar i thromyc in,  IL -8 concentr at ions  reduced  

even fur ther .  Th is  resul t  was  s ign if i can t  ( p=0.0154)  when compared  

to  the o ther  two samp les  (Figure 37) .   

 

Figure  37:  Incubat ion  for  12  h  -  c lar i thromyc in  impact  on  pro -

in f lammatory  med iators’  secre t ion .  Figure  shows t he  im pac t  o f  

c la r i th romyc in ,  r e spec t ive ly ,  on  IL -1 β,  IL -4  and  IL -8  r e lea se  by  A 459  

ce l l s .  Be fore  ( incuba t ion  t ime  0) ,  a f te r  co - i ncuba t ion  ( incuba t ion  t ime  

+12h) ,  and  24  h  a f te r  wash -ou t  ( incuba t i o n  t ime  +2 4h) ,  c e l l  cu l tu re  

supe rna tan ts  we re  ana lysed  for  the  p re sence  of  the  ind ica ted  cy tok ines  by  

Luminex®.  Va lues  a r e  expre ssed  a s  mean  ±  SEM f rom 4  inde pendent  

expe r iments .  

 

After  24 hours  of  incuba tion wi th  c lar i th romyc in,  exposure led to  

an incr ease  in  IL-1β concen tra t ions ,  w hich  decreased fol lowing  

removal  of  cl ar i thromyc in.  None of  thes e resu l ts  were  s ign if i cant  

(Figure 38) .  After  longer  exposu res  of  48 and 72 hours ,  

c la r i thromyc in decreased I l -1β  concen tra t ion,  and the eff ect  

pers is t ed fol lowing  removal .  These  resu l ts  were  a lso  no t  s ta t is t ical ly  

s ignif icant  (F igure 39 and 40) .  
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Figure  38:  Incubat ion  for  24  h  -  c lar i thromyc in  impact  on  pro -

in f lammatory  med iators’  secre t ion .  Figure  shows t he  im pac t  o f  

c la r i th romyc in ,  r e spec t ive ly ,  on  IL -1 β,  IL -4  and  IL -8  r e lea se  by  A 459  

ce l l s .  Be fore  ( incuba t ion  t ime  0) ,  a f te r  co - i ncuba t ion  ( incuba t ion  t ime  

+24h) ,  and  24  h  a f te r  wash -ou t  ( incuba t io n  t ime  +  24h) ,  c e l l  c u l tu re  

supe rna tan ts  we re  ana lysed  for  the  p re sence  of  the  ind ica ted  cy tok ines  by  

Luminex®.  Va lues  a r e  expre ssed  a s  mean  ±  SEM f rom 4  independent  

expe r iments .  

 

After  24h,  48h and 72h incubat ion per iods ,  i n t er l euk ine-4  

concentr at ions  inc reas ed af t er  t reatmen t  and dec reas ed fol lowing  

removal  of  c la r i thromycin (F igure 38,  39 and 40) .  Th is  was  

s tat is t ica l ly  s igni f i can t  in  the 72 hou rs  incuba tion group (p=0.03,  

Figure  40) .  IL-8  express ion  l eve ls  fo l low ed the s ame  tr end as  IL -4,  

with  i ts  concent rat ions  increas ing af t er  t reatmen t  and decreas ing  

once c lar i thromycin was  removed  (Figure  38 ,  39  and 40) .  At  24h  and  

48h of  incubat ion t ime,  levels  af te r  t r eatmen t  were  s ign if i can tly  

incr eased compared wi th  basel ine and af t e r  washout ,  whereas  a t  72h  

of  incubation,  al l  group med ians  were  s ignif i can tly  d if fer en t  f rom 

each other .   
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Figure  39:  Incubat ion  for  48  h  -  c lar i thromyc in  impact  on  pro -

in f lammatory  med iators’  secre t ion .  Figure  shows t he  im pac t  o f  

c la r i th romyc in ,  r e spec t ive ly ,  on  IL -1 β,  IL -4  and  IL -8  r e lea se  by  A 459  

ce l l s .  Be fore  ( incuba t ion  t ime  0) ,  a f te r  co - i ncuba t ion  ( incuba t ion  t ime  

+48h) ,  and  24  h  a f te r  wash -ou t  ( incuba t i o n  t ime  +2 4h) ,  c e l l  cu l tu re  

supe rna tan ts  we re  ana lysed  for  the  p re sence  of  the  ind ica ted  cy tok ines  by  

Luminex®.  Va lues  a r e  expre ssed  a s  mean  ±  SEM f rom 4  independent  

expe r iments .  

 

 

Figure  40:  Incubat ion  for  72  h  -  c lar i thromyc in  impact  on  pro -

in f lammatory  med iators’  secre t ion .  Figure  shows t he  im pac t  o f  

c la r i th romyc in ,  r e spec t ive ly ,  on  IL -1 β,  IL -4  and  IL -8  r e lea se  by  A 459  

ce l l s .  Be fore  ( incuba t ion  t ime  0) ,  a f te r  co - i ncuba t ion  ( incuba t ion  t ime  

+72h) ,  and  24  h  a f te r  wash -ou t  ( incuba t i o n  t ime  +2 4h) ,  c e l l  cu l tu re  
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supe rna tan ts  we re  a na lysed  for  the  p re sence  of  the  ind ica ted  cy tok ines  by  

Luminex®.  Va lues  a r e  expre ssed  a s  mean  ±  SEM f rom 4  independent  

expe r iments .  

 

8.4  Discuss ion  

Macro lides  are an impor tan t  therapeu ti c  option in  the tr ea tment  o f  

many chron ic inf lammatory diseases  due to  the ir  immunomodulato ry  

effects ,  and ther efore they may be cl in ica l ly  effect ive in  CRS (193) .  

However ,  l i t t le  is  known about  how macrol ides  aff ect  specif ic  

pathophys io log ica l  fea tur es  of  CRS  and  in  par t i cular  w h ich  CRS  

pat ien ts  s t and to  benef i t  the  mos t  f rom taking  them .  In  th is  s tudy,  

the ant i - inf l ammatory ac t iv i ty  of  cla r i thromyc in and i ts  

immunomodulato ry func tion was  inves t igated.  Also,  we wan ted to  

assess  the  dura t ion o f  i ts  ef f ec ts .  Therefore,  th is  macro li de w as  

adminis ter ed for  4 ,  12,  24,  48 and 72 hours ,  and mediators ’  l eve ls  

were measured before and af t er  incubat ion,  and af ter  a  washou t  

per iod of  24h.  

The aim of  th is  chap ter  w as  to  evaluate the act ion of  

cla r i thromyc in on the se lec ted cy tok ine l eve ls  –  GM-CS F,  IL-1β ,  -

4 ,  -5  and -8 .  Pr evious ly ,  Courcey et  al .  (212)  pe rformed a s imi lar  

exper iment  us ing  nas al  epi the l i al  ce l ls  tha t  were s t imu la ted  in  order  

to  assess  cyt okine concen tra t ions .  The s tudy des ign adop ted in  the  

presen t  s tudy was  ident ical  to  the one adopted by  Courcey  e t  a l .  

(212) ,  so  their  pro toco l  was  tes ted .  However ,  we were unab le  to  

obta in  p r imary  s inonasa l  epi the l i al  cel ls  in  cu l tu re and an  

immortal ised r espir atory cel l  l i ne was  pr ivi leged to  car ry  ou t  th is  

work.  Curren tly ,  the re ar e no immor ta l i zed nasal  cel l  l ines  f rom CRS  

pat ien ts  or  indiv iduals  without  CRS .  As  such,  w e inves t igated  the  

poss ibi l i ty  of  us ing curr en tly  ava i l able cel l  l ines  that  could  mimic  

the upper  r espir ato ry cel ls .  Prev ious  s tudies  es tab l ished pr imary  

nasal  f ibroblas t  cul tures ,  whil e  o thers  used immor ta l i zed  lower  

respir atory ep ithel ia l  ce l l  l ine s ,  such as  A549 or  BEAS -2B,  g iven  

the  s imilar i t i es  betw een  the upper  and lower  airways  (213 ) .  The  

A549 adenocarcinoma human a lveo la r  basal  ep i thel ia l  ce l l  l ine is  
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used now adays  for  both  bas ic  resear ch and drug  dis covery ,  and  i t  

was  wide ly  avai lable a t  our  labora tory.  Given i ts  s imi la r i ty  to  the  

nasal  mucosal  t is sue (213) ,  i t  was  sui table  to  act  as  a  surrogate for  

an  ep ithel ia l  cel l  cul ture f rom CRS pa ti en ts .  

A l i ter atur e r esearch  was  performed  to  select  the med ia tors  of  

in teres t  in  th is  work.  The s elec ted cytokines  were IL-1β ,  -4 ,  - 5 ,  -8  

and GM-CS F (68,214–219) .  

Recent  s tud ies  have clear ly  demonstr ated tha t ,  in  add it ion to  

ant ibacter i al  ef f ec ts ,  macrol ides  may als o  have ant i - inf l ammatory  

effects .  Pr evious  res ear ch has  shown tha t  reduc tion of  IL -1β may be  

a potent ia l  mechan ism of  macrol ides  (206, 208,220) .  Our  resu l ts  a lso  

demons tra te  reduced express ion of  IL - 1β af t er  incuba tion wi th  

cla r i thromyc in,  a l though these resu l ts  rever t ed to  leve ls  close to  

basel ine 24 -hour  af te r  remova l  of  t reatmen t .  Th is  decrease af t er  

incubat ion w as  on ly  s ignif icant  a t  4  hours .  This  is  l ikely  due to  smal l  

sample s izes ,  and more samples  measured at  4  hours  than o ther  

t imefr ames .  We e lected to  focus  on the 4 -hour  per iod as  pr ev ious  

resear ch has  sugges ted that  there may be a  more obs ervable eff ect ,  

as  peak t is sue levels  of  C lar i th romycin  occurr ed  at  4  hours  af t er  

adminis tra t ion (205)  and ther efore more 4 -hour  samples  were  

measu red.  IL- 1β  is  assoc ia ted  wi th  neu troph il ic  CRS ,  and  

cla r i thromyc in may impai r  product ion  or  secre t ion  of  thes e  

cytok ines .  Th is  may r esul t  in  r educed neu t rophi l  accumulat ion  in  the  

s inus  mucos a,  the reby  r educ ing  the  inf lammation under lying CRS.  

This  may  be of  par t icu lar  use in  Asian CRSwNP popula t ions ,  wi th  

resear ch sugges t ing a t endency towards  neutrophi l i c  inf lammat ion  

in  Ch ines e pat i en ts  (167) .  Mul t ip le  s tudies  in  Asian populat ions  

have des cr ibed pa t i ents  wi th  neu troph i l ia  as  d if f i cu l t  to  t reat ,  

despi te  t r ea tment  with  endoscopic  s inus  surgery  and  poor  response  

to  cor t i cos teroid  tr eatment  compared to  pat i en ts  with  pr edominant ly  

eos inophil ic  inf l am mation  (57,168,221 ) .  Macro lide ther apy  may be  

an a l t ernat ive or  adjunct ive  tr ea tment  op tion in  these pat ien t  g roups .  
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In  cel l  sample g roups  wh ich  had been  exposed to  cl ar i thromyc in  

for  24,  48 or  72 hours ,  concen tra t ions  of  IL -1β d id  not  r eturn to  

basel ine levels ,  and the r educ tion of  IL - 1β pers is ted .  Th is  was  most  

noti ceable in  the s amp les  which had been  incuba ted wi th  

cla r i thromyc in for  72 hou rs .  Although these r esul ts  ar e not  

s tat is t ica l ly  s ignif icant ,  the t rend demonstrated high lights  an area  

for  futu re r esearch.  There is  no exis t ing research examining  the  

rel at ionship  be tween IL -1β and t ime  dependen t  c lar i th romycin  

exposure .  I f  found to  be s t at is t ical ly  s ignif i can t  in  s tud ies  wi th  

larger  sample s izes ,  th is  may g ive us  an ind icat ion that  longer  

durat ions  o f  t r ea tment  may  resu lt  in  longer  term suppress ion of  pro -

inf l ammatory cy tokine IL -1β.  Th is  may help  us  answer  the  ques t ion  

of  whether  shor t  term h igh dose macrol ide the rapy  or  long - term 

lower  dose ther apy is  mos t  appropr ia te  in  rel evant  pat ient  g roups ,  

thus  enab ling the  deve lopment  of  appropr iat e  guidance for  

cl in icians .  

When  inves t iga t ing IL -4 levels  and  c lar i thromycin  exposure,  the  

data obtained demonstra ted a  r educ tion in  IL -4 af t er  4  hours ,  wi th  

concentr at ion  of  IL -4  re turn ing to  above basel ine l eve ls  u pon  

removal .  At 12  hours ,  the re w as  l i t t le  change when clar i thromyc in  

was  in troduced,  whi le  remova l  resu l t ed  in  a  r educ tion in  IL -4  

concentr at ion.  Af ter  incubat ion wi th  c lar i thromyc in for  24,  48 and  

72 hours  however ,  IL -4 concentr at ions  increased and re tur ned to  

near  basel ine levels  upon r emoval .  The increase f rom base l ine and  

decrease fol lowing r emoval  of  cl ar i th romyc in was  s ign if i cant  

(p<0.1) .   

Exis t ing r esearch sugges ts  tha t  macrol ides  may reduce levels  of  

IL-4 (193) .  While  incuba tion wi th  c la r i thromycin  for  4  hours  

demons tra ted  a  r educ tion in  IL -4,  th is  was  not  s t at is t i ca l ly  

s ignif icant ,  and incuba tion  for  o ther  t imes  demons tra ted  an inc reas e  

in  IL-4 fo l low ing add it ion of  c lar i thromyc in,  s ign if i cant  af ter  

incubat ion for  72 hou rs  (p<0.1) .  However  fur ther  res ear ch with  

larger  sample s izes  should be conduc ted  to  de termine whe ther  the  
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trend  obs erved  at  24  and  48  hours  is  s ignif i can t .  As  IL -4 has  been  

associated wi th  epi thel i al  bar r i er  dysfunct ion in  CRS  (222) ,  and  

epi the l i al  barr ier  dysfunct ion has  been implica ted as  a  pa tho logica l  

mechan ism in  CRS,  IL-4  is  an  appea ling drug t arge t .  I f  f u tur e s tudies  

f ind tha t  IL -4 express ion is  s ignif icantly  increased fo l lowing  

cla r i thromyc in exposure  for  24,  48 or  72 hou rs ,  def in ing the  

optimum durat ion of  t r ea tment  or  deve lopmen t of  o the r  ther apies  to  

target  IL-4 may  be important .  

After  4 -hour  incubat ion  wi th  cl ar i thromycin,  IL -8 concen tra t ions  

were s igni f i can tly  decreased  compared  to  bas el ine  concen tr at ions  

(p<0.05) .  Fo llow ing r emoval  o f  c lar i thromycin,  the levels  incr eas ed,  

al though no t  to  bas el ine l eve ls ,  and this  r esul t  was  no t  s ta t is t ical ly  

s ignif icant .  

S imi lar ly ,  exposure  to  c lar i thromycin for  12 hours  also  reduced  

IL-8 l eve ls ,  a l though no t  s ign if i can tly .  Concen tra t ions  of  IL - 8 were  

fur ther  reduced fol lowing remova l  of  cl a r i thromycin,  and this  was  

s ignif icant  (p<0.1 ) .  This  may  sugges t  that  i ncuba tion wi th  

cla r i thromyc in for  12 hours  is  suff ici en t  f or  the in i t i al  reduct ion to  

pers is t .  After  24 ,  48 and  72 hours  of  exposure to  c lar i th romycin ,  IL -

8 levels  appeared to  inc reas e,  and  removal  r educed IL -8  

concentr at ions  close  to  base l ine l eve ls .  The r educt ion fo l low ing  

removal  w as  s ign if i can t  a t  24 hours ,  and  the incr eas e in  IL -8 and  

reduc tion fo l low ing remova l  was  a lso  s ignif i can t  at  48 and 72 hours  

(p<0.1) .  These resu l ts  suppor t  Shinkai  e t  a l . ’s  research examin ing  

macrol ide ant ib iot ics  in  COPD (223) .  They found that  IL -8 levels  

decreased over  6  hours  and then incr eased at  12 -72 hours  af t er  

exposure  to  cl ar i thromyc in  and  found s imi lar  resu l ts  with  

azi thromyc in at  24 and 48 hours ,  a l though in  our  s tudy incuba tion  

for  12 hours  was  assoc ia ted  with  an in i t ia l  reduct ion in  IL -8.  Fur ther  

resear ch shou ld focus  on examin ing thi s  resul t  for  longer  t ime  

per iods  to  examine whe ther  th is  t r end con tinues .  This  may  enab le  us  

to  determine  whe the r  macrol ides  a r e app ropr iate  for  pat ien ts  wi th  

neutrophi l i c -pr edominant  CRS.   
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No conclus ions  can be dr awn from the r esul ts  of  th e pres ent  s tudy  

relat ing to  the re la t ionship  between IL -5 and t ime dependent  

cla r i thromyc in exposure.  Many o f  our  samples  had IL -5  

concentr at ions  below the detec t ion  th res hold o f  our  assay .  Future  

s tudies  examin ing IL -5 in  th is  ce l l  l ine may need to  cons ider  

s t imu la t ion of  the A549 ce l ls  w ith  TN F-  or  IFN- γ (224 ) .  Prev ious  

s tudies  have demons tra ted a  decrease  in  IL -5 in  response to  

macrol ide  therapy (193) ,  though this  w as  not  apparen t  in  th is  s tudy  

with  th is  cel l  l ine.  More,  even  wi th  s t imu lat ion,  low  leve ls  of  IL -5  

were de tected in  another  s tudy examining IL -5 product ion by human  

airways  epi thel ial  ce l ls  ( 224) .  For  th is  reason,  fu r ther  s tud ies  wi th  

larger  sampl ing,  s t imulated or  not ,  ar e  needed  to  detec t  any  

s tat is t ica l ly  s ignif icant  d i f fer ence.  O the r  cel l  l ines  might  also  prove  

to  be more  adequate in  such cond it ions  than  the one  used  in  th is  

s tudy.   

Many of  the  samples  t es ted  for  GM-CS F y ie lded  undetectab le  

resul ts .  Prev ious  s tudies  examining GM -CSF in  lung cancer  and  

inf l ammation  in  ai rway epi the l ium have  detected l i t t le  or  no  GM -

CSF in  res t ing A549 ce l ls  (225,226) .  Futu re s tud ies  examin ing GM -

CSF and t ime dependent  c lar i thromycin exposure us ing A549 ce l ls  

as  a  model  for  CRS  wil l  need to  s t imulate the  ce l ls  wi th  IL -1β and  

use more  samples  to  p rovide  mean ingfu l  resul ts  (227) .  Whi le  GM-

CSF was  detec ted in  a  s mall  number  of  s amp les ,  these levels  w ere  

low and d if fer ences  be tween groups  were not  f ound to  be  

s tat is t ica l ly  s ign if i can t .  

One prev ious  s tudy has  cons id ered the re lat ionsh ip  be tween t ime  

dependen t  exposure  to  macro lides  and  GM -CS F levels ,  whi le  

examin ing  how macrol ide ant ibio t i cs  modula te  ERK  phospho rylat ion  

and cy tokine product ion in  pat ients  with  chronic obs truct ive  

pulmonary  dis ease  (COPD) (223) .  These res ear chers  found tha t  

cla r i thromyc in increased GM -CS F a t  48 hours .  This  is  an  unexpected  

resul t ,  g iven  that  o ther  research has  proposed tha t  cla r i thromyc in  

may r educe l eve ls  of  GM - CSF (228) ,  s ugges t ing t ime dependent  
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exposure  may  have  a  role .  Examining the  express ion  of  GM -CS F in  

response  to  dif f erent  t ime  l engths  of  cl ar i thromyc in exposure  

warran ts  fur ther  r esearch .  GM -CS F is  p roved  to  be el eva ted  in  

as thma (193) .  Given tha t  CRS is  thought  to  share some of  the  

pathophys io log ica l  mechan isms of  as thma  in  the upper  airw ays  and  

tha t  GM- CSF is  e levated dur ing symptomat ic  exacerbat ions  in  

pat ien ts  wi th  CRS  (229) ,  more r esear ch based  on the  

recommenda tions  f rom th is  s tudy may p rovide useful  information  

which could be used to  gu ide  management  of  CRS.  

Clar i thromycin in  the doses  us ed in  t hese exper imen ts  did  no t  

exhib i t  s ign if i can t  ef fec ts  on ce l l  v iabi l i ty .  Thes e f indings  out l ine a  

speci f ic  and dos e -dependent  impact  o f  cl ar i thromycin  on the  

inf l ammatory r esponse in  CRS.  

 

8.5  Conclus ions  and  future work  

This  s tudy l eads  us  to  conc lude tha t  the effect  of  cl ar i thromyc in  

exposure on the cy tokines  included in  th is  s tudy va r ies  over  t ime.  

Severa l  in ter es t ing  pa t t erns  have  emerged  in  th is  s tudy.  Whi le  some  

cytok ines  pres ented no  real  change,  or  no obv ious  pat tern s  of  

change,  o thers  showed t rends  which  were  not  s t at is t i ca l ly  

s ignif icant .  Elsewhere ,  o thers  exh ibi t ed s igni f i can t  changes .  

Regarding the  l as t ing eff ec t  of  cl ar i thromyc in,  we cou ld no te two  

dif fer en t  pa t t erns :  a  reversa l  of  the c l ar i thromyc in eff ec t  or  a  

prolongat ion of  the eff ec t .  Th is  c ou ld ind ica te tha t  macrol ides  may  

have a long- las t ing and t ime- dependen t  ef fec t  on immune  mediators  

beyond the  dura t ion of  the  macro lide ther apy being given .  

This  s tudy show ed changes  in  the cytokine  express ion  prof i l e  

associated wi th  exposure to  cla r i thro myc in in  a  par t i cular  cel l  l ine  

–  A459.  At the ou tset ,  our  under lying ass umpt ion w as  that  d if f eren t  

pat ien ts  wi l l  have d if fe ren t  pat terns  of  cytok ine  express ion ,  and  

dif fer en t  changes  in  cytokine express ion  prof i le  when exposed  to  

cla r i thromyc in.  Fur the r  s tudies  on s amples  o f  upper  r espi ratory  

nasal  mucosa  f rom d if f eren t  ind ividuals  may produce a d if fe ren t  
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pat tern  of  cytokine change,  so  unno ti ceable cy tok ines  in  o ur  s tudy  

should no t  be excluded f rom fur ther  s tudies .  

The  resu l ts  wh ich have  emerged,  combined with  sugges t ions  f rom 

previous  research examin ing macrol ides  in  other  ai rways  dis eases ,  

warran t  fur ther  inves t igat ions  in to  the t ime dependen t  eff ec ts  of  

macrol ide ant ib iot ics  in  CRS.  This  is  an  area  which has  been l i t t l e  

inves t igated but  may enable developmen t of  app ropr iat e  gu idance  

for  macrol ide  pr escr ibing  in  CRS pat ien t s .  I t  may be  poss ib le  that  

exposure  to  cl ar i thromyc in  for  ce r ta in  amounts  of  t ime leads  to  a  

pers is t ent  reduct ion in  cytokine express ion.  I t  is  a lso  poss ible that  

cla r i thromyc in inc reases  cytokine l eve l s .  There fore,  du ra t ion of  

ther apy may  a lso  exp lain  the  dif f er ences  in  r espons iveness  to  

macrol ide the rapy  observed in  the l i ter atu re.  

Future s tud ies  should aim to  overcome the l imi ta t ions  pr esen t  in  

th is  s tudy.  These inc lude  the choice  of  the  ce l l  l i ne.  Ideal ly ,  s tudies  

should us e iso la ted  cel ls  f rom heal thy and  CRS pa ti ents ,  however  in  

the present  s tudy,  we w ere  unable to  c rea te a  der ived s t able c e l l  l i ne  

f rom pat ien ts ’  samples  in  the ava i l able t ime.  Nonetheless ,  the A549  

cel l  l i ne  can be  an  appropr iat e  cho ice,  provided  tha t  cytokine levels  

of  res t ing cel ls  are  assess ed pr ior  to  any t es t ing.  Add it ional ly ,  t ime  

controls ,  tha t  wou ld  accoun t  f or  the  g rowing of  in i t ia l  assay ce l ls  

over  t ime,  should a lso  be assessed s ince cel ls  can evolve over  t ime .  

Also,  s t imu lat ion might  need to  be cons idered  if  r es t ing levels  o f  

med ia tors  ar e below detec t ion,  as  seen on De Courcey e t  al . (212) ,  

which used s t imulat ion  in  pr imary human  nasa l  epi the l i al  cel l  

cul tures  or  Jang (206) ,  tha t  s tudied clar i thromycin on  r hinovi rus -

infected A549 ce l ls .  Fu ture s tudies  should  also  bui ld  upon our  s tudy  

and examine add it iona l  mediators  impl icated in  CRS,  to  give a  

broader  unders tanding of  the cytokines  tha t  have t ime dependen t  

responses  to  cl ar i thromyc in.  This  w il l  be us eful  in  developing  

recommenda tions  for  the durat ion  of  ther apy,  but  also  in  selec t ing  

appropr ia te  pat ients  for  macro lide ther apy.  
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Determin ing  app ropr iat e  dura t ion  and dose of  macro lide ther apy  

is  essen ti al  to  enable cl in ici ans  to  achieve a  pers is ten t  ant i -

inf l ammatory eff ec t ,  wi th  minimal t reatmen t  dura t ion .  As  exis t ing  

resear ch sugges ts  that  mechan isms of  ac t ions  of  d if f eren t  macro lides  

may vary between each o ther  (201) ,  s tudies  examin ing other  t ime  

dependen t  immunomodulatory effects  on  these cytokines  wi th  other  

macrol ide ant ibiot ics  shou ld a lso  be conducted.  Th is  would exp lore  

whether  the  e ffects  observed  ar e exc lus ive  to  c lar i thromycin ,  o r  also  

presen t  in  other  macrol ides .  

 

Key po ints :  

•  A spec if i c  and dose -dependen t  impact  of  c lar i thromycin  on the  

inf l ammatory r esponse in  CRS was  obse rved;  

•  Fur ther  s tud ies  are  needed,  wi th  poss ib le  modif icat ion o f  cel l  

l ine or  s t imulat ion p r ior  to  incuba tion,  to  conf irm and  ex trapolate  

these  resu l ts ;  

•  Fur ther  s tudies  with  add it ional  “ac tors” in  CRS 

pathophys io logy should be cons idered.  
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IX –  GENERAL DISCUSSION 

 

CRS is  a  common chron ic dis ease impac ting QOL.  CRS presen ts  a  

burden a t  bo th  ind ividua l  and socie ta l  leve ls  due to  i ts  h igh  

inc idence,  vas t  and  di f f icu l t  symptoms,  and high  ind irect  cos ts .  

The aim of  th is  work was  to  ex tens ive ly  charac te r ise  CRS pat ien ts ,  

both  c l in ical ly  and molecu lar ly ,  and to  corr elat e  both  

charac ter isat ions  to  ful ly  character ise CRS endo types  and  enable  

eva lua t ion of  r esponses  in  the  MACRO tr i al  accord ing to  endo types .  

Moreover ,  we were in teres ted to  know if  whe ther  clus ters  cou ld  

predict  a  be t t er  o r  worse  surg ical  outcomes  on SNOT-22 .  To address  

such a ims ,  three s tud ies  were deve loped dur ing th is  thes is :  1)  s earch  

for  b iomarkers  or  cl in ica l  f ea tures  that  could  be us ed  fo r  d if fer ent ia l  

d iagnos is  (of  d is ease  endotypes)  leading to  subgroup  a l loca t ion ,  

d iseas e act iv i ty ,  and respons e to  t reatmen t ;  2)  def in i t ion o f  immune  

prof i les  in  d if f eren t  cl in ica l  sub types  of  CRS ;  3)  iden ti f icat ion  of  

immune prof i les  that  may  pred ic t  the l ikel ihood o f  d is ease  con tro l  

inc luding compliance w ith  med ica l  t rea tment  af ter  surg ical  

in terven tion .  

The f irs t  res ear ch goa l  was  add res sed by conduct ing a  

ques t ionna ir e -bas ed s tudy  concern ing  medical  compl iance and i ts  

fac tors  in  a  cohor t  of  CRS pat ien ts  pr e -  and pos t -surgery (de tai led  

in  chap te r  2)  and a sys tematic  r eview (r epor ted  in  chap ter  3)  in to  the  

ava i lable l i t era ture  a t  the beginn ing of  th i s  work.  

The r esul ts  demonstra ted tha t  n on- compl iance  to  medica t ion was  

found to  be  common in  th is  s tudy as  in  others  and is  associated with  

poor  outcomes  (230) .  I t  is  ther efore  u rgent  to  improve the cu rren t  

non-compl iance  r at es .  To improve compl iance ,  the source problem 

needs  to  be f irs t  iden tif ied.  Pat ient ’s  self - r epor t ing  o f  non-

compliance  is  specif ic  and pr edicts  fu tur e adverse ou tcomes .  Here,  

we ident if i ed the major  reason for  non -compliance as  symptom 

improvemen t.  Typical ly ,  in  c l in ical  p rac t ice ,  the “one s i ze f i t  a l l”  

managemen t approach is  curren tly  used ;  however ,  wi th  med ica t ion,  
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some pa t i ents  exper ienced s ide eff ec ts  and symptom worsening,  and  

even the recurr ence of  symptoms.  Thus ,  we be l i eve tha t  b iomarkers  

would he lp  to  pr edict  cl in ica l  pheno types ,  t rea tment  r espons iveness ,  

and even recu rrence,  wh ich would,  in  turn ,  lead to  be t t er  

managemen t o f  CRS,  decreas ing the  burden on  heal th  ca re  sys tems.  

To help  us  search  for  the ideal  CRS b iomarkers ,  w e conduc ted a  

sys temat ic  r ev iew of  the l i t era tur e ( chap ter  3) .  The  resu l ts  

demons tra ted  that  no ideal  d iagnos t ic  b iomarker  for  ear ly  de tect ion  

of  CRS  ex is ts ,  however  IL -5  and  IgE have  been ex tens ive ly  

descr ibed  as  being indica t ive of  the presence of  NP (76,89,113) .  The  

20 inc luded s tud ies  enab led the descr ipt ion of  52 b iomarkers  for  

CRS that  are suppor ted by dif f eren t  l eve ls  of  evidence .  These  

biomarkers  are descr ibed as  opt imal  f or  d i s t ingu ishing pa t ients  wi th  

CRS from heal thy  con tro ls  or  for  iden tify ing d if f eren t  C RS  groups .  

However ,  we chose to  ana lyse fu r ther  in  th is  pro ject  on ly  36  

biomarkers .  S ix teen  mandatory biomarkers  were se lected as  they  

correspond to  es t abl ished molecu les ,  and the ir  act ions  a re we ll  

def ined in  the  pa thophys iologica l  mechanisms of  CRS .  The  twenty  

explo ratory biomarkers  w ere se lected as  they had been desc r ibed in  

the l i ter atu re as  hav ing var ied and cont radic tory ac t ions  in  CRS,  or  

as  they w ere expected to  exer t  a  role  in  CRS due to  the ir  overa l l  r o le  

in  the immune sys tem .  Thus ,  th is  res earch goa l  iden tif ied  an  

apparent  l ack of  adequately  powered s tudies  inves t iga t ing the  

rel at ionship  betw een molecu la r  markers  and CRS .  Cons equent ly ,  

ther e r emains  a  need  for  research to  address  poten ti al  b iomarkers  for  

endotyping  in  CRS  and  to  po ten ti al ly  gu ide d iagnos is  and treatmen t ,  

tha t  can provide the founda tion  for  fu tur e  explora tory tr i als .  

CRS is  a  chal leng ing  en ti ty  w ith  severa l  under lying  mechan isms.  

Curren t  gu ide l ines  r ecommend div iding i t  in to  phenotypes  according  

to  the pres ence or  absence  of  NP (23) .  At t emp ts  to  fur ther  def ine i ts  

class if i ca t ion have been made  by the identif icat ion of  b iomarkers .  

Thus ,  bet ter  recogn it ion of  sub-groups  with  the  specif ic  cl in ica l  
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charac ter isat ion  might  permi t  ind ividual i sed diagnos is  and ther apy,  

with  the potent ia l  for  pat ient -dr iven care.  

Elu cidat ing  the mechan isms  dr iv ing  CRS  pa thogenes is  has  been  

the sub ject  of  numerous  s tud ies ,  wi th  some focus ed on the ro le  tha t  

var ious  cy tokines  and chemokines  may play in  the d isease.  However ,  

ther e are  con f l ic t ing  repor ts  regard ing the  express ion  l eve ls  o f  

speci f ic  inf l ammatory  mediators  in  CRS,  which may  in  par t  be  

secondary to  d if f eren t  types  of  spec imens  and/o r  methodology us ed.  

As  a resul t ,  the second res ear ch goa l  included the d ef in i t ion of  

immune  prof i l es  in  d if fe ren t  cl in ica l  s ubtypes  of  CRS ,  or  the  

iden tif icat ion  of  spec if ic  CRS molecula r  ident if i ers  tha t  would  a l low  

one to  recogn ize  an ear ly-s t age  CRS  pa ti ent  f rom the  overa l l  nose -

sufferers ’  p at ien ts .  As  for  any robus t  resear ch,  de f in ing your  

methodo logy and popu la t ion is  cruc ial .  Several  h igh-prof i le  s tudies  

for  CRS inves t iga t ion have very narrow cohorts ,  wi th  very specif ic  

requi remen ts  and consequen tly  low  numbers  of  samples  

(67,119,150,165) .  In  here,  we op ted  for  a  broader  inclus ion cr i te r ia  

tha t  wou ld be comprehens ive  o f  a  wider  pool  of  CRS  pa ti ents .  As  

explained on Chapter  1 ,  CRS is  a  very complex en ti ty  with  several  

man ifes tat ions  and aet io logy ,  and res t r ic t ions  on the included  

populat ion wou ld condi t ion our  charac ter isat ion.  The  or ig inal i ty  o f  

our  work  is  on the  recrui tment  process  as ,  con tra ry  to  o the r  s imi lar  

s tudies ,  no  CRS  pat ien t  w as  exc luded  f rom this  s tudy .  This  was  done  

to  ref lect  the he te rogenei ty  of  the d isease to  t ry  and capture and  

ref l ec t  the var ied  pa thophys iology of  CRS .  More,  we d id  not  res t r ic t  

our  s tudied var iab les  pr eferr ing a broader  pool  of  var i ables  to  

charac ter ize the heterogeneous  mechanis ms of  CRS tha n focal ise on  

one specif ic  var i ab le .  The immune sys tem is  a  ne twork of  s ignal l ing  

molecu les  so ,  i t  is  on ly  expected  that  one var i ab le  c an inf luence  

another  and together  they  can act  on a ce r ta in  pathway/mechan ism.  

Therefore,  focal is ing  on cer t ain  mo lecules  only  cou ld dis tor t  our  

percept ion of  CRS.  
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To be ab le  to  analyse al l  samp les  equal ly ,  and  to  provide  

guide l ines  for  co l l ec t ion and s tor age o f  nasal  samples  for  the  

MACRO nat ional  t r ia l ,  w e needed  to  va l idate  our  methodology.  Th is  

method needed  to  be easy ,  s imple and  cos t-eff ec t ive ,  in  order  to  be  

widely  app li cab le.  The s elec t ion of  our  laborato r i al  methods  was  

based on s imi la r  s tudies ,  s i nce  ELISA and mu lt ip lex assays  have  

been widely  used in  the area to  analy se a  smal l  samp le for  a  

mul t i tude o f  par ameters  (65–67,150) .  UniCAP is  also  w ide ly  

descr ibed on such  s tud ies ,  how ever  i t  was  not  ava i l able a t  our  

ins t i tu t ion.  Due to  the  ma in goa l  of  the  s tudy  ( charac ter ise  CRS  

subgroups)  and ,  to  ease i ts  imp lemen ta t ion  and accep tance by bo th  

cl in icians  and pat ien ts ,  h is tolog ical  ana ly s is  was  not  se lec ted  in  th is  

s tudy.  We inves t igated the  effect  of  d i f feren t  cond it ions  on  the  

biomarker’s  s tab i l i ty ,  achieving an easy and opt imal  pro tocol  to  be  

performed by a l l  cen tres ,  preven ting any  inter -samp le var i abi l i ty .  

The b iomarker  deve lopmen t proc ess  is  a  methodica l  e f for t  in  which  

the evidence suppor t ing i ts  use increases  as  the in tended purpos e of  

the b iomarker  moves  f rom research to  c l in ica l  pr ac t i ce .  I t  s tar ts  wi th  

biomarker  dis covery ,  moving to  deve lop and val ida te i ts  me thod  of  

detect ion  before i t  can be use in  cl in ical  pract ice (231) .  We 

iden tif ied  the re levant  b iomarkers  through our  l i t era tur e rev iew,  as  

referr ed prev ious ly ,  and needed  now to  develop  and val ida te  i ts  

method of  de tect ion.  As  s t at ed pr ev ious ly ,  we t es t ed the me thod for  

col lec t ion and s torage cond it ions ,  but  also  for  in tr ins ic  

charac ter is t i cs  of  the col lected samp le.  Reference s tud ies  in  the a rea  

dif fer  on the s amp le use fo r  the ir  analys is  –  nasal  mucos a,  polyps  or  

mucus .  However ,  as  seen no t  a l l  pat ients  have the same CRS  

charac ter is t i cs ,  so  we  were in ter es ted in  assess ing poss ible  

dif fer ences  across  di f fer ent  nasal  t is sues ,  in  order  to  op timise  the  

protocol .  A lso,  we asked ours elves  i f  sever i ty  could impa ir  or  

condi t ion the express ion of  the r el evan t  b iomarkers .  All  var iab les  

were taken into  accoun t  and o u r  resu l ts  showed no s ignif icant  

d if fer ences  ac ross  al l  tes t ed var iables .  However ,  IL -31 demonstr ated  
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a h igher  express ion level  when  f r eeze .  An explana tion for  th is  cou ld  

be some cleavage act iv i ty  pr esen t  in  the s amp le,  perhaps  by ano ther  

cytok ine ,  that  is  inact iva ted dur ing the f reezing p rocess .  Fur ther  

s tudies  in to  th is  cytok ine need to  be  cons idered to  conf irm th is  is sue.  

As  of  now,  IL-31 is  repor ted as  regula t ing  T H2 cy tok ine levels  in  NP 

(232) ,  but  these cytokines  did  not  p resen t  any prob lem on tes t ing ,  

showing that  the prob lem might  be spec i f ic  to  IL -31.  To dis miss  a  

poss ible over -assessment o f  IL- 31,  i t  cou ld  be cons idered to  assess  

i ts  mRNA leve ls  ins tead of  pro te in  level s  to  unders t and the exac t  

mechan isms  around th is  cytokine.  Th is  addressed ,  we def ined  a  

procedure that  w as  tes ted  across  the who le  thes is  and  that  proved the  

eas iness  and  cos t -eff ec t iveness  of  the me thodology.  Guidel ines  were  

sent  across  to  the MACRO inves t iga tors  f or  approval  and use dur ing  

the tr i al  by a l l  s i t es .  

After  determin ing the  opt imum p rotocol  f or  our  s tudy ,  we focused  

on our  second r esearch  goal  -  def in i t ion of  immune pro f i les  in  

dif fer en t  c l in ical  subtypes  of  CRS .  In  chapter  6 ,  w e compared  the  

prof i les  of  d if fer en t  immuno log ic marker s  according to  the c l in ical  

pheno types  (CRSsNP  and  CRSwNP) .  O ur  goa l  w as  to  s tudy  35  

var i ables ,  bu t  s ix  cou ld no t  be inc luded  due to  cons tra ints  assoc iated  

with  the sample or  ava i l abi l i ty  of  the detect ion assay.  In  to tal ,  w e  

s tudied 29  b iomarkers  across  ou r  cohort  o f  CRS  pa ti ents  and  

controls .  I t  has  been r epor ted  that  CRSsNP is  dr iven  by  a  

predominant  TH1-skewed respons e,  whereas  CRSwNP were  

class if i ed in to  2  subtypes  ( e-CRSwNP: TH 2-dominan t  r esponse  wi th  

eos inophil  inf i l t ra t ion ;  and ne-CRSwNP: mixed T cel l  subsets  wi th  

neutrophi l i c  inf i l t ra t ion )  (21,63,65 –70,75 ) .  Therefore ,  in  th is  s tudy,  

we inves t iga ted  the pat terns  of  s inus  mucosal  inf lammation in  adul t  

pat ien ts  with  CRS to  ver ify  the accuracy  of  these f indings .  In  th is  

s tudy,  we  inves t iga ted  the TH1,  TH 2,  TH9 ,  T H 17- associated  

cytok ines ,  pro-  and an ti - inf lammatory molecules ,  neu troph il -  and  

eos inophil -  associated markers ,  as  well  as  lymphoid  and  

hematopo ie t i c  progeni tor  growth fac tors ,  and meta l lop roteinases .  
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Although CRSwNP and CRSsNP show cer ta in  dif f erences  in  

biological  and cl in ica l  man ifes ta t ions  as  revea led by  pr evious  

s tudies  and  our  cur ren t  s tudy (21 ,23,71 ) ,  the  pr esent  recommended  

class if i ca t ion  does  not  accurately  re f lect  the  he terogeneous  

charac ter is t i cs  of  CRS.  Our  resul ts  ind ica ted that  pat ien ts  with  

CRSsNP show an increased mixed Th  cel l  ( TH1 /T H2/TH17 /T H9)  

immune r espons e with  increased neu trophil ic -  and  eos inoph il -

associated inf lammation,  whereas  CRS wNP presen ted  an  IL -5  

dominated response accompan ied by eos inoph il  and neu troph il  

inf i l t r at ion.  Resu lts  were var i ed across  g roups  and d id  not  a lways  

agree with  the known l i te rature  in  the f ield .  Severa l  reasons  can  

explain  th is :  1)  the broader  inc lus ion cr i ter ia;  2 )  any  pr eopera t ive  

treatmen t  received tha t  cou ld  modify  b iomarkers  express ion ;  3)  the  

heterogene ity  nature o f  CRS .   

A review by Ahern and Cerv in  (167)  conf i rmed this  heterogene ity  

of  the d iseas e,  h ighl igh ting  the need  for  CRS charac ter isa t ion  

associated w ith  pa thophys io logy  ra ther  than the  pr esence  of  nasa l  

polyps .  Our  r esul ts  a lso  ver ify  th is  s t at emen t ,  jus t i fy ing the mixed  

responses  to  t reatmen t  and exper iences  of  our  cohor t .  In  or der  to  

charac ter ise the  CRS subgroups  and deve lop a more  t ai lored  

treatmen t  for  CRS pat ien ts ,  we  con tinued  our  work by r eveal ing the  

inf l ammatory prof i les  pr esen t  in  our  coho rt ,  t ry ing  to  cl ass ify  them 

into  subgroups  tha t  can pred ic t  the l ikel ihood o f  d is ease  con tro l .  

Moreover ,  th is  cl ass if i ca t ion can also  provide  c l in ic ians  with  the  

tool  to  iden ti fy  such  groups  eas i ly  and manage them eff i ci ent ly .  

Recent ly ,  c lus ter  ana lys is  has  been  used  to  fu r ther  charac ter i se  

the  cl ass if icat ion of  CRS.  Chapter  7  pres ents  inf lammatory  

endotypes  of  CRS based on a clus ter  analys is  of  b iomarkers .  As  the  

immune sys tem is  known to  in tervene in  the pathophys io logy of  

CRS,  these b iomarkers  were iden tif ied as  poten ti al ly  ref lect ing th e  

act ive  molecu lar  processes  in  dis ease  aff ected t is sues ,  e .g . ,  nose and  

nasal  mucosa .  S everal  s tud ies  have  ident if i ed clus ters  of  CRS  

pat ien ts  bas ed on  a l imi ted  number  of  markers  and c l in ical  featu res  
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(57,59,60,65,233 ,234) .  In  the p resen t  s tudy,  we  used 21 pr e-

iden tif ied  var i ables  to  generate  s ix  clus ter s  (5  d is t inc t  ones)  through  

hier arch ical  c lus ter  analys is  of  b iomarkers .  In teres t ing ly ,  we  

observed  that  our  genera ted  c lus te rs  presented a  typ ical  T H2  and  

mixed immune  response.  Even though ou r  s tudy  is  not  the f i rs t  to  

in tegra te  a  h igher  number  of  b iomarkers  in to  one c lu s ter  analys is ,  i t  

is  the f i rs t  to  pr esen t  bo th  a  h igh number  of  assessed var i ables  and  

a broad cohort  of  CRS sub jects .  Th i s  al lows  to  re f lect  the  

heterogeneous  nature o f  CRS.  

Here,  we ident if i ed f ive d is t inc t  groups ,  contes t ing some prev ious  

f indings  that  might  not  be comparable due to  the di f fer ence in  the  

ethn ic i ty  of  the cohorts  (59,65,150) .  Therefore,  we cou ld not  

conf i rm our  clus ters  wi th  o ther  s tudies ;  however ,  our  focus  was  to  

def ine endotypes  so le ly  based on b iological  charac ter is t ics  and then  

to  compare thes e wi th  c l in ical  par ameters .  However ,  our  resu l ts  

al lowed us  to  conf i rm some  l i t era tur e s t at ements  on CRS.  Firs t ,  our  

clus ter  1  es t abl ished  tha t  nasa l  po lypos is  is  a  condi t ion  

predominant ly  aff ec t ing older  men (184 ) .  This  was  demonst rated  

through  an  increase in  the f requency of  polyps  wi th  age and  

preva lence o f  men pres ent ing po lyps .  Then,  w e showed tha t  

decreased qual i ty  of  l i f e  in  CRS p a ti ent s  is  associa ted wi th  high  

neutrophi l i c  inf l ammation ,  as  pr evious ly  s ta ted  (178 ) .  Moreover ,  

e lder ly  CRS pat ien ts  pres ent  a  pro- inf lammatory  neutrophi l i c  

endotype in  clus ter  1 ,  va l idat ing Mors e’s  resul ts  (179) .  

Clus ter  2  ins tead repor ted the known associat ion be tween  

eos inophil ic  CRS with  higher  LM scores  (180–182) .  This  clus ter  also  

added more evidence to  the fac t  that  CRS is  a  heterogeneous  

inf l ammatory d isease tha t  act iva tes  numerous  pathophys iolog ic  

pathw ays ,  by presen ting mixed immune responses .  Our  c lus te r ing  

approach br ings  novel  ins ights  in to  CRS  endotypes ,  h ighl igh ting the  

impor tance  of  severa l  b iomarkers  in  se lect  groups  of  pa t i ents .  In  

recent  years ,  the deve lopmen t of  b io log ical  agen ts  target ing the T H2  

pathw ay and IgE has  incr eased  for  the t rea tment  of  CRSwNP.  In  l ight  
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of  our  resu l ts ,  w e  would  expect  the an t i - IL-4  and  IL-13  recep tor  

ant ibody to  show promis ing eff ec ts  for  the t reatmen t  of  clus ter  2 ,  

whereas  IL-1ß and IL-6 b lock ing ar e expected to  have an eff ec t  on  

clus ters  3  and  1 ,  respect ive ly .  There fore,  our  s tudy  prov ides  

addi t ional  in format ion for  the ident if i ca t ion of  proper  biomarkers  to  

guide  curr ent  and  futu re b iologic t r ea tment  for  CRS.  

Clin ical  data ar e no t  included in  the c lus ter  analys is  s ince on ly  a  

smal l  subse t  of  sub jects  had these  var iab les  comple ted ,  but  they were  

used pos t  hoc  to  look for  d i f fer ences  ac ross  the groups .  Our  f indings  

sugges t  tha t  the “one s i ze f i ts  a l l ”  management approach us ed  

curren tly  in  c l in ical  pr ac t ice is  unl ikely  to  be appropr iat e  for  al l  

CRS pat ients ,  and tha t  t r ea tment  would need to  be ta i lo red accord ing  

to each clus ter’s  charac ter is t i cs .  Therefo re,  th is  analys is  aimed  to  

corre la te  the ident if ied g roups  wi th  CRS evolut ion.  Unfo r tunately ,  

we were unab le to  character is e the poss ib i l i ty  of  r ecurrence  o r  even  

performed corelat ions  to  fo l low-up  1-year  pos toperat ively ,  s ince ou r  

t ime f r ame d id  no t  a l low for  a  long itudina l  s tudy .  

A s imple dis cr iminan t  analys is  was  used  in  th is  s tudy to  p lace  

each pa t i ent  in to  a  clus ter ,  and conf i rm the pr evious  clus ters  

iden tif ied by hie rar chica l  clus ter ing .  Use  of  th is  c l in ical  a l gor i thm  

is  cruc ia l  for  the c l in ical  appl icabi l i ty  of  these f ind ings .  S imi lar  

clus ter ing techniques  have been performed in  CRS,  as thma and other  

inf l ammatory  diseases  (59,60,65,183 ) .  Tradi t ional ly ,  they are  

class if i ed in to  clus ters  based on  cl in ica l  character is t ics ,  how ever ,  

th is  a lgor i thm is  not  good for  data wi th  miss ing values  for  machine  

lea rning .  Therefore,  our  analys is  cou ld no t  inc lude cl in ica l  var iables  

for  analys is ,  as  they con ta ined  miss ing values ,  and on ly  the  

biomarkers  assessment was  inc luded.  The beg inn ing of  our  t ree  

conf i rms  tha t  Per ios t in  and IL -31  al low us  to  char ac ter ise our  

populat ion.  However ,  as  exp la ined pr evious ly ,  our  ana lys is  y ie lded  

some smal l  clus ters  and therefore,  th is  analys is  is  des igned to  serve  

as  a  foundat ion for  fu ture ,  more wides pread,  mul t i - ins t i tu t iona l  

s tudies  con ta ining l arge r  cohorts .  
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The resu lts  f rom the presen t  s tudy look promis ing .  Us ing a  

rel at ive ly  large cohor t  w ith  an  a lso  r e lat ively  high number  of  

b iomarkers  wil l  va l idate our  f indings  to  provide cl in ical  gu idance  

The or ig ina l i ty  of  th is  s tudy was  in  the inc lus ion  of  wide CRS cohor t  

and broad pool  o f  s tud ied  var iab les .  Prev ious  s tud ies  f avou r  e i ther  

large poo l  of  va r iables  or  l arge pool  of  subjects ,  d if fer ing f rom ou r  

s tudy .  

In  order  to  va l idate  the  resu l ts  of  th is  s tudy,  and  fur ther  

charac ter ise CRS groups ,  la rger  cohorts  s hould  be  used ,  in  o rder  to  

provide some  deg ree of  r epl icat ion .  More,  the  focus  on  c lass if icat ion  

binary trees  shou ld  be  cont inued ,  as  such mode ls  are  cruc ia l  f or  

cl in ical  appl icabi l i ty .  As  s ta ted  before,  the  MACRO s tudy w il l  

enab le a  mul t i - cen tre r ecrui tment  of  pa t i ent s ,  a l low ing for  fur the r  

inves t igat ions  of  thes e pr el iminary  resu l t s .  

After  desc r ib ing our  cohor t  of  pat ien ts  and i ts  groups ,  we  wan ted  

to  assess  the per t inence of  macrol ides  as  a  ther apeut ic  agent  for  our  

CRS coho rt .  Macrolides  are  an  importan t  the rapeut ic  opt ion in  the  

treatmen t  of  many chron ic  inf lammato ry dis eases  due  to  thei r  

immunomodulato ry eff ec ts ,  and therefore they may be cl in ica l ly  

effect ive in  CRS (193) .  However ,  the ir  mechan ism of  ac t ion remains  

unclear .  Th is  s tudy ( chapte r  8)  a imed to  p rovide some guidance in to  

macro l ides  used  within  CRS,  and  analys e their  use  within  our  cohort .  

More spec if i ca l ly ,  we wanted to  evaluate the ac t ion o f  

cla r i thromyc in on the selec ted cytokine s  –  GM-CS F,  IL- 1B,  -4 ,  -5  

and - 8;  and  assess  the  t ime- effect  of  cl ar i thromycin  on  these  

molecu les .  Thes e cytok ines  w ere  selec ted th rough a sys temat ic  

review,  acknowledging  tha t  neu troph il ic  CRS has  been des cr ibed as  

dif f i cul t  to  t r ea t  by  endoscop ic  s inus  surgery or  cor t icos teroid  

treatmen t  (55,164,210) .  Therefore,  m acrolide therapy may be an  

al t ernat ive o r  ad junct ive treatmen t  op tion  in  these pa t ient  g roups .  

We were unab le to  d irect ly  tes t  clar i thromyc in’s  ac t ion in  CRS  

samples ,  and ins tead a cel l  cu l ture w as  us ed to  see i ts  ac t ion on CRS 

inf l ammatory markers .  C lar i th romycin  was  admin is te red for  4 ,  12 ,  
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24,  48 and 72  hours ,  and media tors ’  levels  were measured  befo re and  

af t er  incuba tion  ( at  d i f fer ent  po ints  in  t ime) ,  in  order  to  assess  i ts  

act ion and  t ime- effect .  

Our  f ind ings  were pre l iminary and wi l l  need fur ther  val idat ion.  I n  

th is  explorato ry s tudy,  w e observed that  r esul ts  var i ed according to  

the  mediato r  and  t ime  of  incubat ion.  Al though IL-1β  resu l ts  w ere  

not  s t at is t ical ly  s ignif icant  and levels  rever t ed c lose  to  base l ine 24 -

hour  af ter  remova l  of  t r ea tment ,  we hope that  longer  du rat ions  o f  

t reatmen t  may r esul t  in  longer  te rm suppress ion of  pro - in f lammatory  

cytok ine IL-1β.  Th is  may he lp  us  answer  the ques t ion of  whe the r  

shor t  t erm h igh dos e macro lide therapy  or  long - term low er  dose  

ther apy is  mos t  appropr ia te  in  r el evan t  pat i en t  groups ,  thus  enabl ing  

the deve lopmen t of  appropr iat e  gu idance for  c l in ic ians .   

Fur ther  r esear ch should focus  on examining th ese resu l ts  with  

t ime contro ls ,  as  cytok ine levels  f luc tuated depend ing on the  

exposure t ime to  cl ar i thromyc in.  This  may enable us  to  de termine  

whether  macro lides  are appropr ia te  for  pat i en ts  with  neutrophi l i c -

predominant  CRS.  These  f indings  out l ine a  spec if ic  and dos e -

dependen t  impact  of  c la r i thromyc in on the  inf l ammatory respons e in  

CRS.  Fu r ther  s tudies  us ing  other  cel l  l ines ,  s t imulated or  not ,  should  

be des igned  to  conf irm and  fur ther  cha rac ter ise these  f ind ings .  

Lately ,  Doxycyc line,  a  te tracyc line ant ibiot i c ,  has  been descr ibed  

as  having immunomodu la tory proper t i es  in  CRS (235) .  More  

speci f ical ly ,  i t  was  descr ibed as  having  s imi la r  immunomodulatory  

effects  on meta l loproteinases ,  ECP,  M PO and p roin f lammatory  

cytok ines ,  such  as  TN F- ,  IL- 1  and  IL-6,  in  CRSwNP  (235) .  

Therefore ,  s tud ies  examin ing t ime dependent  immunomodu la tory  

effects  on these  cy tok ines  w ith  Doxycyc line  shou ld also  be  

conducted.  This  wou ld al low fu r ther  explora t ion of  the  po ten ti al  

med ica l  management of  CRS,  and fur ther  determine which groups  of  

pat ien ts  would  benef i t  f rom macrol ides  o r  te tracyc line t rea tmen t .  

Accord ing to  Tomassen  e t  al . ,  CRS -related inf l ammation  shou ld  

be cons idered as  a  mix ture  o f  T H 1,  TH2,  T H17,  
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eos inophil ic /neutrophi l i c ,  pro - inf lammatory and T H22 immune  

responses .  Due to  the r ecent  advances  in  bio logics  target ing CRS 

mechan isms,  we an ti cipate  tha t  an  approach based on non - invas ive  

biomarker -def ined c lus te rs  would help  to  t ai lor  t r ea tment  op tions  by  

iden tify ing responders  to  them  (174,177) .   

Future  research bas ed on the r ecommendat ions  f rom this  s tudy  

may provide use ful  information to  guide cl in ical  pr ac t i ce on the  

managemen t of  CRS.  

 

Appli cab il i ty  of  the s tudy  

This  s tudy was  des igned to  exp lore the poss ible exis ten t  rel at ions  

between cl in ica l  fea tur es ,  obs erved in  the  c l in ic ,  and  immuni ty  

mechan isms implica ted  in  CRS,  by dosage of  pr esen t  b iomarkers  in  

the  bio log ical  samples .  I t  moves  aw ay from curr ent  l i t era tur e  tha t  

focusses  on e i ther  c l in ical  o r  mo lecular  character is t i cs  and more  

trad i t iona l  t r eatment  approaches .  By  recognis ing the  key  chemical  

med ia tors  occurr ing  in  the inf l ammatory mechan ism o f  CRS and  how  

pat tern  r ecognit ion could be es t abl ished to  help  to  tes t  b iotherapies  

to  be us ed in  th is  pathology,  we a imed to  t ake the next  s teps  towards  

persona lis ed medic ine for  CRS,  in  par t icu lar  when select ing  

treatmen t  reg imens  for  CRS pat ien ts .  The  future appl icat ion  of  th is  

approach in  a  cl in ica l  set t ing wou ld be to  determine  key biomarkers  

f rom an ini t i al  nasa l  b iopsy to  enable  endotyping o f  pa t ients .  

Through  compar ison betw een biomarkers  p rof i l e  and dec is ional  t rees  

iden tif ied in  th is  work ( chap ter  7) ,  c l in ic ians  wi l l  be ab le to  match  

pat ien ts  to  the  mos t  appropr ia te  c lus ter  for  the ir  immunolog ical  

prof i le .  Th is  could  then be us ed to  gu ide  the most  approp r iate  

t reatmen ts  for  se lected pat ients  enabl ing  more  re f ined and  t arge ted  

treatmen t  programs to  be es t abl ished and thus  more ef f i cient  us e of  

resources  as  wel l  as  minimis ing the pos s ibi l i ty  of  adverse effects  

f rom ineff ec t ive med icat ions  or  in tervent ions .  
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Thes is  l imi ta t ions  and s trengths  

Limitat ions  

 I t  is  importan t  to  cons ider  the f indings  of  the thes is  in  l igh t  of  

the l imitat ions  and s tr engths  of  th is  s tudy .  However ,  such l imitat ions  

are a  useful  cons idera t ion for  futur e r esea rch.  

The medica l  compl iance s tudy (chapter  2)  was  based on a sel f -

comple ted  ques t ionnai re.  The pa ti ent ’s  pe rcep tions  of  help /non- he lp  

could no t  be assessed  objec t ively ,  be ing subject  to  some b ias .  More ,  

ques t ionna ir es  for  the prospect ive popula t ion  were co l l ec ted du r ing  

preopera t ive v is i t  o r  before surgery,  in troducing poss ible inheren t  

b iases  due to  the Researcher  of  Cl inica l  S taff  being pres ent  with in  

the  room.  Th is  migh t  have p rec ip i ta ted more  compliant  responses  

f rom this  specif ic  populat ion.  To help  address  th is ,  ques t ions  w ere  

repe t i t ive and  cons truc ted  to  avoid  such “social ly  acceptable”  

responses .  More,  th is  ques t ionna ire  was  not  val ida ted  as  i t  was  a  

s tudy spec if i c  ques t ionnair e des igned  to  col l ec t  var i ables .  How ever ,  

i t  inc luded val ida ted  qua li ty  of  l i f e/PRO Ms  (e.g . ,  SNOT-22)  in  i ts  

cons truct ion.  

The  sys tematic  r eview carr ied  ou t  in  chap ter  3  was  l imited to  our  

methodo logy and to  s tudies  pub lished in  English .  A lthough mul t ip le  

databases  were sea rched,  i t  is  poss ib le  that  re levan t  ar t ic les  were  

missed.  More ,  the  s tudy  focused  on publ is hed papers  un ti l  2018 ,  and ,  

as  CRS is  a  f i eld  in  cons tant  evo lut ion ,  th i s  could lead to  a  po ten ti al  

repor t ing  bias  in  the r esul ts .  The  l ack  o f  va l idated biomarkers  in  

CRS led to  a  broader  search,  which  could accoun t  for  the  

heterogene ity  in  the included s tudies ,  and to  the  imposs ib i l i ty  of  

examin ing our  resu l ts  through a meta -analys is .  However ,  a  nar ra t ive  

descr ipt ion w as  poss ib le  which r evealed importan t  gaps  in  the  

evidence base.  

S imi lar  to  prev ious ly  publ ished c lus ter  analys is  s tudies  of  CRS 

pat ien ts ,  the subjects  in  our  s tudy were those presen ting in  secondary  

care  for  surgery af te r  medica l  ther apy had fa i led.  In  add it ion,  more  

CRSwNP patients  were enrol led than  CRSsNP patien ts  (3:1) .  
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Ther efore,  the ext rapo la t ion of  these f indings  to  the genera l  CRS  

populat ion mus t  be done with  car e.  Bes ides ,  g iven the des cr ibed  

immunopatho log ica l  d if f erences  be tween Asian  and Caucas ian  

pat ien ts ,  our  f indings  might  be res t r ic ted  to  r el evance  in  the wh ite  

Br i t ish  popu lat ion (most  of  our  cohor t) .  S ince ou r  ana lys is  wan ted  

to  def ine CRS subgroups  based  on biomarkers  express ion  and  

hier arch ical  c lus ter ing ,  b ias  was  reduced .  Although thes e f ind ings  

have  the potent ia l  to  aid  in  the  deve lopmen t of  ind ividual ised  

diagnos is  and tr ea tment  s tra teg ies  for  the managemen t of  CRS 

pat ien ts ,  thes e need to  be conf i rmed in  fur ther  s tudies  with  long -

term mon itor ing and  l arger  coho rts .   

Another  potent ia l  cr i t ic ism is  the f act  that  al l  our  sub jects  were  

recru i t ed in  a  s ingle centr e and therefo re  our  f ind ings  wou ld need  

val ida t ion /r epl icat ion across  mu lt ip le  cen t res .  A new s tudy has  been  

set  up  nat ionw ide  -  MACRO,  based upon  the resul ts  of  th is  thes is ,  

and this  w il l  br ing new ins igh ts  to  th e ar ea .  Therefore ,  the r esul ts  of  

the pr esent  s tudy a t  th is  s tage are very  prel iminary and have an  

observa t iona l  character  only ,  and  fur ther  inves t igat ions  are  needed  

for  val ida t ion .  A lso,  o ther  s tudies  performing  funct iona l  s tud ies  ar e  

needed.  These would tes t  pharmacolog ic t arge t ing of  selec ted  

biomarkers  and whe ther  they can modu la te  the c l in ical  features  of  

the d iseas e.  Fur thermore,  despi te  our  effor ts  to  be object ive,  there  

were several  areas  of  subjec t iv i ty ,  includ ing our  se lect ion o f  

var i ables  to  clus ter  or  the dec is ion over  the number  of  clu s ters .  We  

were unab le to  cover  a l l  the molecu les  ident if i ed pr evious ly  as  

cr i t ical  fo r  the pathogenes is  of  CRS due to  l imited resources ,  l imited  

sample  amount  and l imi ted  number  o f  ana lysed  samples .  Like other  

CRS clus ter  s tud ies ,  our  curr ent  s tudy  does  no t  address  the ques t ion  

of  wi thin  c lus ter  s tab i l i ty ,  which  i s  important  to  conduc t  

longi tud ina l  s tud ies  to  evaluate the s t abi l i ty  of  c lus ters  over  t ime  

(57) .  In  add it ion,  ou r  data should be in terpre ted cau tious ly  as  the  

eva lua t ion  of  a  l arge number  of  b iomarkers  in  a  rel at ive ly  s mall  

number  of  subjects  ( notab ly ,  clus ter  3)  might  lead to  the  inf er ence  
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of  b iased r esul ts  f rom the co ll ect ion  or  man ipulat ion o f  the data.  

Ult ima te ly ,  app li ca t ion  of  our  resu l ts  to  a  l arger  populat ion must  be 

val ida ted through the use of  addi t ional  pat i en t  cohor ts .  Our  s imple  

categor isa t ion  binary tree a lgor i thm cou ld be  used potent ia l ly  in  

cl in ical  pract ice to  a id  in  individual ized decis ion mak ing.  However ,  

a t  the  pr esent  t ime,  f ind ings  shou ld be l imited to  the  pa t i ent  

populat ion s tudied.  

Concerning the assays  u sed in  th is  s tudy,  we favour ed the Luminex  

technique when ever  poss ib le.  As  exp la ined previous ly  in  Chap te r  4 ,  

th is  technique has  been val ida ted  and  used by other  r esearch  s tud ies  

in  the ar ea ,  and al lows  the s imul taneous  s tudy  of  s everal  paramete rs  

in  one sample/assay .  However ,  due to  the f inancial  r es tr ic t ions  of  

th is  s tudy  and the parameters  of  the r esearch gran t ,  on ly  pro te in  

assays  were  used.  Once the  pr imary resear ch  goa l  w as  fu l ly  

ach ieved ,  no funding w as  avai l ab le to  ve r ify  these r esul ts  through  

the adop tion of  ano the r  t echnique,  such as  qPCR.  Crucial ly ,  the use  

of  pro te in  assays  alone w as  pr ede termined by the  r esear ch  projec t .  

Even if  the research  grant  al lowed for  val ida t ion through another  

technique,  the curr ent  pandemic s i tuat ion precluded  fur ther  

laborato ry work.  Future work  should a im to  val ida te thes e f indings  

through  genet ic  assays .   

Final ly ,  our  macrolide  s tud ies  pres ented  some  l imitat ions  o f  the ir  

own.  These inc luded small  sampl ing and the use of  a  cel l  l ine  ins tead  

of  CRS samples .  S tudies  us ing  l arge r  sample s izes  may produce l ess  

var i at ion in  their  resu l ts ,  and  ther efore  produce  more  represen ta t ive  

resul ts .  More,  s tudies  should use iso la ted cel ls  f r om hea lthy and CRS  

pat ien ts .  However ,  in  th e presen t  s tudy ,  we were unab le to  create a  

der ived s t able ce l l  l ine f rom pat ien ts ’  samples  in  the ava i l able t ime .  

Nonetheless ,  a  cel l  l ine  can be an appropr iat e  choice,  p rovided tha t  

cytok ine  l eve ls  of  res t ing  cel ls  ar e assessed pr ior  to  any tes t ing.  

Also,  we chose to  not  s t imula te our  cel l s  pr ior  to  t reatmen t ,  th is  

migh t  potent ia l ly  have biased  our  resu l ts ,  espec ia l ly  for  IL -5 and  G-

CSF,  tha t  were undetec tab le pr io r  to  t r eatmen t .  S t imu la t ion  might  
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need to  be cons idered if  res t ing l eve ls  of  mediators  are below  

detect ion.  

 

S treng ths  

The sys tematic  r eview included  mu lt ip le  databas es  and was  

focused  upon  the r esea rch  ques t ion .  A  comprehens ive r esearch  

s trat egy us ing  thr ee b iologica l  te rms  w as  employed ,  and i t  enab led  

the emergence of  fur ther  b iomarkers  f rom the rev iew of  the  

l i t era tur e.  Due to  the  he terogenei ty  of  identif ied  s tud ies ,  we  f i l ter ed  

them to  inc lude  on ly  s tudies  where  compar isons  between CRS groups  

and proteomics  t echniques  were performed,  al lowing for  a n  or ig ina l  

l i t era tur e r eview.  Th erefore,  th is  l i te ra ture r eview descr ibes  the  

poss ible  par amete rs  for  de termin ing CRS subgroups  ( endo types ) ,  

act iv i ty  and r esponse  to  t reatmen t  associa ted  with  the d if fe ren t  

groups ,  re f l ect ing i ts  heterogene ity .   

Our  resear ch in to  the med ical  compliance of  CRS pa ti ents  

demons tra ted  tha t  o lder  age was  the  only  determinan t  of  compl iance  

with  t r ea tment  for  CRS before and af t er  ESS ,  despit e  cons ider ing  

other  c l in ical  and demographic  var iab les  and opens  the door  for  

b iological  prof i l ing  to  ass is t  c l in ici ans  in  s elec t ing  the bes t  

t reatmen ts  that  may  aid  compl iance .   

This  s tudy  a lso  a l lowed for  the inc lus ion o f  a  wider  cohort  of  CRS  

pat ien ts ,  wh ich could theoret ical ly  inc lude every poss ible  

man ifes tat ion  of  CRS ,  in  con junct ion w ith  a  broader  poo l  of  s tudied  

var i ables .  This  complements  the l i t er atur e  in  th is  f i eld ,  as  

t rad i t iona lly  s tudies  have chosen to  ei ther  res t r i ct  the CRS  

pheno type  s tud ied,  or  the var i ables  analysed.  

As  s tat ed before,  t he ou tcome  of  many r es earch s tudies  in  CRS  ar e 

res tr ict ed to  a  very s imi lar  pheno typ i c charac te r is t ics ,  wh ich migh t  

repres ent  a  same endotype of  CRS.  In  here ,  our  s tudy dis t anced i tse lf  

f rom th is  approach,  al lowing for  a  poss ib le wider  ident if i ca t ion of  

subgroups .  Here we us ed di f fer ent  clus ter ing approache s  to  iden tify  

mechan isms that  wer e  endo type /subgroup  specif ic ,  i l lus tra t ing the  
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divers i ty  in  in f lammatory prof i l es  for  CRS.  Fur thermore ,  our  choice  

of  b iomarkers  covers  several  c lasses  of  b iomarkers ,  and not  jus t  one  

class  in  par t icu lar  ( e .g . ,  T H2-associa ted markers ) ,  a l lowing fo r  

futur e dir ec t ions  in  the rapeut ics  mAbs .  

Las t ly ,  our  c lar i thromycin s tudy ou tl ined  the  spec if ic  and dos e -

dependen t  impact  of  c la r i thromyc in on the  inf l ammatory  respons e in  

CRS.  

Overal l ,  th is  thes is  benef i t ed f rom a mul t i -disc ipl inary t eam wi th  

a  var i ety  of  exper t ise .  This  al lowed  for  a  qu ick  t rans lat ion  of  our  

laborato ry r esul ts  in to  cl in ica l  pr ac t i ce,  and for  the cons tant  

corre la t ion of  b io log ical  markers  and c l in ical  character i s t i cs .  Th is  

al lowed for  the t rans lat ion  of  l abora tory r esul ts  in to  

recommenda tions  for  cl in ica l  pr act ice in  each s tudy  phas e.   

 

Fur thermore,  th is  work has  been extens ively  pr esen ted across  the  

UK and Europe,  revea l ing the impact  th is  or ig ina l  work has  had  on  

the r esearch area in terna t iona lly .   

 

Concluding  remarks  and futur e d irect ions  

Our  s tudy has  prov ided fur ther  evidence o f  endo type prof i l ing for  

CRS and how this  could be ut i l ised in  pr act ice .  I t  is  un likely  tha t  

pheno types  o r  endotypes  can be def ined by us ing a s ing le biomarker  

express ion,  bu t  ins t ead a combinat ion o f  severa l  b iomarkers ,  and  

the ir  r el at ionships ,  is  needed ,  and thus  ou r  s tudy  set  up the  pr emise  

for  fur ther  c lus ter  analys is  to  be under taken to  re f ine these prof i l es .   

Firs t ly ,  a  sys tematic  rev iew demonst ra ted ther e was  a  la rge  

number  of  promis ing  biomarkers  for  CRS,  which  might  be  adequa te  

biomarkers  for  CRS ca tegor isa t ion and ear ly  diagnos is .  The included  

s tudies  demons tra ted  tha t  immuno logical  mechanis ms  for  CRS  

pheno types  may resu lt  f rom a  combinat ion of  several  b iomarkers .   

This  revea led the need for  f utur e res earch to  va l idate novel  

b iomarkers  and fur ther  eva lua t ion po ten ti al  ones .  
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Second ly,  f ive  endotype clus ters  o f  CRS pat ien ts ,  which had  

dis t inc t  b iological  pro f i l es  could be de f ined  in  our  cohort .  Our  

resul ts  represen t  ev idence tha t  CRS can be cha racte r ised  by severa l  

b iomarkers  tha t  can be t t er  character i s e  indiv iduals  with  several  

d iseas e pheno types .  Our  def ini t ion of  endotypes  was  en tir ely  based  

on inf lammatory b iomarkers ,  and fur the r  s tudies  ar e needed tha t  

incorpora te cl in ica l  characte r is t ics ,  gene ti cs ,  and treatmen t  

responses  to  fur ther  charac ter ise  these endotypes .  Given our  da ta ,  

fur ther  endo types  migh t  be ident if i ed ,  or  cu rren t  ones  might  be  

merged toge ther .  

The f ive iden tif ied  endotypes  wi thin  our  cohor t  of  CRS pat ien ts  

may provide a  more precise descr ip t ion o f  the under ly ing  

mechan isms of  CRS than pheno types  only  and  enable a  more  

persona lis ed tr ea tment  reg imen .  Some interes t ing r esul ts  aros e f rom 

this  ana lys is ,  and sugges t ions  for  fu r ther  s tud ies  inc lude :  1)  

repl icate  th is  s tudy  in  a  much l arge r  cohort  in  order  to  provide  

val ida t ion  of  the  clus ters ;  2)  observe if  any cl in ica l  features  can  

impac t  upon the  express ion  of  inf lammato ry markers  in  CRS ; 3)  the  

use of  cl ass if ica t ion binary t rees  should be ver if i ed ,  as  such models  

can prov ide cut - off  va lues  that  can gu ide cl in icians  and resear chers  

on the management  of  CRS.  

Other  s tudy des igns  should be  cons ide red  to  address  the l imi tat ion  

of  the pr esent  s tudy .  In  th is  work,  pro teomics  was  pref erred and used  

across  al l  s tudies .  How ever ,  these  pr el iminary  resu l ts  wi l l  need to  

be conf irmed  through o ther  t echn iques ,  such as  gene tic  or  

h is to logica l  analys is .  

Las t ly ,  fu tu re s tud ies  should  a im to  overcome the l imi ta t ions  

presen t  in  the macrol ides’  s tudy.  Ideal ly ,  th is  s tudy should b e  

repl icated us ing l arge r  sampl ing  and wi th  isola ted  cel ls  f rom heal thy  

and CRS  pa ti ents .  Also,  s t imulat ion migh t  need to  be cons idered i f  

res t ing levels  of  med ia tors  ar e below detect ion,  as  seen here for  IL-

5 and GM-CSF.  Fu ture s tud ies  shou ld a lso  build  upon our  s tudy and  

examine addit ional  med ia tors  imp lica ted in  CRS ,  to  g ive a  broader  
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unders t and ing  of  the  cy tok ines  that  have t ime dependent  respons es  

to  cla r i thromyc in.  This  wi l l  be  usefu l  in  deve lop ing  

recommenda tions  for  the durat ion  of  ther apy,  but  also  in  selec t ing  

appropr ia te  pat ients  for  macro lide ther apy.  
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