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1. Chapter 1 I ntroduction

1.1. Tendon anlhj Terydon

1.11. Tendon Function and Mechanical Proper:t

Tendons are strong coommbecetds vand i mwsuelse sw.h

function is to transmit 2aBecetsiivdee sf,o racneost hgeer
functtendodssue is to store %l &9®ri d nsham
tendons and | igaments of the foot and | e

wal king and runningr eT lcvseerd ea gsyt fcs rt ttoi read r Wcic

hi gh e#ffiTceinedhocny ti ssue contains | arge ar
di fferentendomhse orfemai ning dry weight IS
coll agen, which occupies up to 85% of th

aligned Iyobngitudinall

Tendons display elastic behaviours simil

rel ati obesldbp st nnsosnulei neairgame hbdbwn in f

100+ Macro-rupture

Micro-rupture 4

Crimped A 4
80 4
. Ruptures
g Stretched ; >
< 60 4 I
8 Overload injuries
i . l -
e Physiological range |
S._”, 40 » !
ﬁ | I
|
I I
' I
|
20 - | I
| I
toe | Linear I Failure
T T T 1
2 4 6 8
Strain (%)
Figuis8tress/ strtaégmdamsue. ofn | ow strain, l ow st
strain increases, dpmdoxni matsesluye Isihmeverd alnasti c de
Low stiffness was observed when the init

i's because tendon coll osagreen nfotbrleisn e are aly u

crimped shape. The initial | oadi nrgi mpedt



shape, turning collagen fibres into stra
appltiteedndon tissue results in an approxi
| oxcd nesitnou i ncrease to exceed tresephydire
themselves -brnke bbdeweemsbkixbcreesdsowaebrse mo ly ¢
cause injuries,maanroddudiomy | mit er o upt ure of
i nfl ammatory response can be obsdrivied b
reachlaref or a,nfgaimmadmdy response are of

of severeltendon injury

The function of tendnaht {Hisghley icompllds |4

wel | parsotiehieed extracel | ul alrn ntahirs xc hcaoprpeors
topic wild.l be introduced and discussed:
1) The anatomy and biochemical compositior

2) Whattendoni dmd utrtyttercihatriacs otf i d&ijeu.rheeda Itien

process of tendon tissumolaéd elvaeid nj ury &

3) Current treatment for tendon injury anc
4) Potenti al novel t herapeutic appngaohes
tendon injury.

1.12. Tendon AnaBiootyh eemmidc a | Composition

Tendon tissue has a h-lgheyedcdompltucatued.
consists of tenocytes and tendon extrac
mai nly of cololté@ageno,h bansy ewe Iplleos see¢ nsar e con
be phemaelyl ul ar compositi@amdof i shent end
specialisfedOfhbrobimast er cel | poipudlad d e n
adi pdeesrea ved stem <cel.l sTeanmodc ymes c laer e c eelslsse
foami on and natur al repair due to their
coll agen protein family. Tenocytes produ
essenti al f or ttheen dowohrr satcred d.tuilTodre apfa tardivec e d
protein is a vital compo-8wtobfthendoyn ¢
ti SFuguiredemonstthrewn structur & odoltlamgenrs tair

proteins dalfifgent gihkeoremmp | e X l'inear, hel i c:
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mol ecules that further int®rabeseifhbrial
i nto afadelhfasagemasol i dapreisniarriywao di e The o
of the primary fibre bundle is surroundeée
endot enon. Endotenon contains t he vascu
component that ar® viphedahiarfiepurn dtl eensd oanl itgins s\
ot her, f or mi nfgr d lhred Isee,c okndawry as fascicl
ter firedbruyndl e and far firdruyiditeq telventually

frewhich has a | ayer of connectlgve tissue
Tendon B
Tendon Structure . Epitenoh
Tertiary 2 e
fiber bundle ',;‘;g,_%;fq?;‘ﬁ.qyjj:ﬂ \ @/
T ')i‘,:-‘.'“\ ¢
e

Secondary 43 :
fiber bundle \3‘??%, %

(fascicle) [ zi=
Primary 2 ?ﬁ
fiber bundle /T« | 7 Ny X
(subfascicle, o, e v
Collagen ."';'(.\iij’:.
fiber\ (i "}(ﬁ/ =5 Endotenon
Collagen ) &.

fibril\_ B 04 A4
\E'{-\ £

Fi ga2Thenul t i Hiag/rea rscthriuccalur eFi ayfuardee neddo & hraor mmta. °.a |

Tendon function is determined bFi gtuBe dlt. |
shewhel laud ar and acellul ar cempmp o $oiftoino no
t endoni ndlosdledsagen, el astin, gl ycosaminog
other structur al proteins



Vascular endothelial  Smooth muscle Chondrocyte

cell cell cell "
o ~
L\ /|8 .
/ /' “'\
/ [ 4 o
¢t/
Y /_// &

\ ™ [1{]]
\ 4' o
aly 11/ 11
Ll o “";“\’w‘
| ] i
o } "“"-‘ by
sy Aggrecan /9 Type | Collagen
»
N L Biglycan & Fibromodulin // Type lll Collagen
/ / ) € Decorin Fibronectin @ TypeVCollagen
/ Hyaluronan

/ Elastin w Versican

Adipose derived Progenitor cell
stem cell

Figad3cel lular and acellular components oeft.%endon

Col |l agen iconthentpemndamyt-8 $%% eo f( atbloartd r6y0 w
provides multiple functions including tr
compl ete sttaotdonetobsudeeand theamirealen
fai PUedd coll agenbBose ebaps e wilntet s’vhemr hol
heterotrimeric assemblies formed by thre
each other, known as tropocollagen (figu
mol ecul es, such as ftoyrpnee d | Ibiy c ¢tehirineseg emh i
het er ot raisnseermbclaeld ycol | agen mol eicbudreme d shuyc
t wolchains h2amhda iben.epdl ypepti de chains that
approximately 1000 amino aci gwbethomag raemae
S e gue rGd-ya agaf a where Xaa and Y®prbtegeernt
28%) &riA4hiydroxyppol i3B&)e(shhelct i avreilmgal s, i n
tropocoll agen assemblle mamnarcoimpalt ex, t hime
macr oscraspiandf irbet wor ks ambaesrewedt ismieteb s an
proline and 4(R)Hyp residue played a vit.
of the tropocol | agemr mat itduetyo tamicen treged rad gar



N2 N3

PO Hyp
Hyp ™oy
R Gly‘________,ochro
™ Hii
c2 c3

Figudd schematic a&é marhset rcadliloangfactyspale et uaxtu
collagen triple hel i xi(FrooHyepdR Ifaryoyng S(BYr oBeayl-d Gi ¢ k 4

i mage of a segment afdlceolll adeéert t@afinpl| ehtydre Dligeen bo
figuraptiedd dd om SAoul ders et al .

The i mportance of col | aige ndatse ranairsicalf § boyb
essenti al ,¢ maidratghteerrmasit! £ € tnaebci hlaintiyc a | streil
ability to engage in specifTItemraotpeerratciteiso
derived from the fundamental stawmdtutr aha:

establ i smee@rrtiyao obgleegPsr o liisnoense rhse ahnyddrtox y | a
of Pro prleasyi dviietsal r ol e scoiln saasggreatld it Wlahssi-che t |
ami de hydriosgetnh eébbommmd g nitr ogewi tthomd t he tr i
stertuur e (fi guws eofl mPproBgdtanmind T o-hetokl.Bgabit
the strands odbduz2t®wamfcallllagers,i dueswlair@h e

proer gsasi the strands 1 n ar édPdtdh ecgenofbosronpaifto rc
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coll agedFurotl e mn@oioeonaddss®e haeéf eettbmaioml & h
helix fol di.ngeoaaamdp tset,afbarlms yterti ary amid
protewliawle a signifi canttr agpmosp atlilsseoimterg safé b
15) Howalvlerpepti de botnrdesn svmi ccho | 4 aalglgeais daer et
peptide Ibemsdseemdsthresf ore a strand c@'n fol
Repl aci #g oa a@lingde mailtkhe nae t hatts 4 me& & e da lwoaw | d
resul ts smd a rd#&didtea bhiellii x

N O Ktrans/cis’ N O
<

P o

CIS trans

i gubAR schematic deéemwmritst aimssoismetriimie f i gaprtee di sf radn
oul deY’'s et al .

The stabilisation effect provided by 4(R
by two diff@&hentfitbteornihery suggested t
4 ( R) Hyp would form water bridges through
Ber neani all ustrated in their study that the
the formationwbfhwamede bgrdgps from GI y.
roups bandt i nitealchheai mecond theory expl a
oup has eamebindothkeverin g puckering of t

- Q «
- 5 =

us, changes the cis/trans «drfsegmatt oo

the coll agen pgepyt y d ¢t alrkebvgeuaal pelndy easo pbrye f X

5

bhbaucker (downt Ipoaycrkreont iii miggy)n eanf t he Xeaxao pos
cker (up puckering) of th?%@.28Furohiedi rsd

< T ® O

u
eri fi(24,-4myadtr oxyproline expudkéer If a\50ou-s

soform feavdbaucHKetBe odugsere energy dicfifser e
n

antdr ammesnf ormati on i s geredpdulcker edpedpsi i dve ¢
Hydroxyproline in Yaa positionicawabttbdmbavwv.
compared t o-Hyha e Vwirtdhhies® findings may

stabilisdoR)eypeptonsohe ofaa Mor e Rrae meérstall vy,
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provided evidence to support thattbBypoh)
el ectt aetdifce at £ he stabilisati?dbnTbhé combhget
Van Waat erce between proline ri nhgysdriongead
bodni ng ntehtlavtsirkke hy dr o x y | c agrrboounpysd nadnsdd letghseo

el excttaadifcect esul ted i n an optimally asse
coll agen fibrils to provide tensile strel
Typell agen takes wup to 90% of the tot a

considdlee most abundant c¢cdéP8 ageni snfobedh

0% of the orhlgsanihcugmatirmpxacandon the bi ome

eterotrimer moallcy!l ass ¢ npplé eail n g Uiyl atiovioe

9
functional i ntegrity of bi ol ogi cal ti ssu
h
forming into a 1% iTphe bhiedsi ycmatlh esstirsu cafurtey j

Q

process cont airninnsg amu lotniap | emogploa $ti cati o
correct codcfiomtmeart él hamikma icorronsast i on t hat pro
necessary chemical and bi ol ogi cal char
synthesised by fibroblasts and tencéytes
The synthesis bthaiype iInchumageni ssues
COL1Afldlra n@OL 1 AR2®2rnNl,ocated on the | ong arm
chromosome 73! 1(Addmeacttirvaen syc rdiepst i omd e rtghoe
transl ati onal modi ficati on, such as the
catalytic action of different hydroxyl as
the coll agen triple helix,!| itrhee anydrlowdir o
being key to the sta%di Theathiecan tubefs taeroed
predominantly compriammald odfs tcyopmesi Herceod | &

component t hat provides tendon tissue wi

properly.

Ot her coll agen types, such alssd ypleay ld i
in tendon tissue. Type |11 coll agen accc«
types healttelmgl on. tlen,cheeheylpteh yl | | coll agens
endotenon and?® epbwiememidpwyrey sor in tendi.
col | agfeonusnadar enly in endotenon and €piten
Changes in gene expression also inkhddcate
beenreuwpul ated in injured tenddn Thiess ner a

8



in type 111 <collagen expressi @moldavdli owu
secretion of type 111 coll agen, which <co
of tendon tissue. I n some cases, especi
could associate with <col |l aiglen Whageaiml| | et o
di ameteegdhaéami b Amaotéder vital member inrn
type V coll agleuwndavihti cihn itsenceésers mut pl ays
assemlylpy .daylpley,V cfod laadyetelinedfs a col |l agen fi
and is responsible for3®c@®lilmageam ¢gmoowtylpea
i ncrease in collagen type V has been obs:¢
suffering froml tagennoppéebdyV can al so as
and form heterotypic fibril, which al so
tendon fidri Otthdgprasnetodér cabl aXddnsanducxl V
essential xof oematbinomaasiwell. These coll

col | dbguensdd ei 1t ot gyl i de over each other duri
When a force is applied, these mbIké@coul es

avoi d patmamgti alo e don tissue

113. Tendlopur i @dsendHedal i ng

Theram usmet cl it mtecaadt mertd dfn tendon i nju
equine patients. It i s estimated that ab
tendon iIngwirgdge woer y*darAsand piarbdirteit Saomenied e
range, it is estimadwldtpuhati abowbuPR8%saf
rel at ed®lcofnhdoiutgihonnumer ous therapeutic st

i ndicated thhatachewved tedemvery thHat) uiryg ¢
s tedst

Tendon injury and its causes

Tendon iinegjl udgs acute tendon injuries, I
di sorder @cuttgemido namdnifd awimiahiiocnh ar e t err

rupture, tendinopatHhy.*A4nd tendinitis res|

Tendopathy is the primary tendon disorde
pat wentd experpaintel thiadaflaciTemdi nopat hy
by intrinsic and extrinsic f 4 norfsanocaticrhs
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ncluding age, gender , anat omi cal vari an

have an effect on the tendon. It I's rep
faults within temajdomastoins sfueldaadeeditihlees t
di sdfdeét is cexséede®emdédnghduring vigorous

re®nsi ble for degéherntsomepatnbebogibal lc
I's a result of betfhHsdiondterri ntshieci iratnfrdi uessdatarei fno
such as age antdhteperrdetninco rckiispofradneeextce s si v e
| oad and r ef¥Tthiet invaet uprree srseupreei r ofwi tt dmdid n
enough titneen tifonrr etphpae r t he da riasgseu ea,n dt hgee nt
woul d accumul ate andseercajunl| YEVvede$ ae e
showed that sedentary working/ Il ivifngr hat
obesamighe held responsible for thethlRincrea

n

n

Ge

ge
more simgaont dntciamlt of being2&8ffected by ter

es have recently been foulnack edfat @ads?p

e related to the productionmofghtohlaae

Tenduaprnt urcee sicsraisbeadn acwawseidn ymalgretr ywaola d,
though intalseei pl Aprctoar s ndimoesctt orfoltehe Ft
rupture hapgmerndseciard esslod ihfidie fpebgpe eins consi de
one ofi nttrhiensi c factors reodwe vear ,t oActhend
Supraspinatusstriuyptttoendarenmbhe younger [
rupt sr @$ sSoci attheed awittihv ipoyp ulebwdaildaonf rtulpd ur ¢
to octchwec hiin |l es AnetnedroinoranGr uci ate Li gamen
tendon ttihRes ur@t cuifkfe atnedn,dPoantaeslelsarof tendon |
hapdp*eh®>I n most of the ruptur,acdast efedroeal d
reported, degleaneirvwd adh wasfolei rpaseeanty
Achilles t°8 nnideoin rdipdanenantdooni emdsi te s
whi c hsicgannt fryecdaunce t he force tendon ti ssuc
Tal eonsahlowe dn tthraepttue mdldhn ghewd!l degener at.
observed t hainc tphaith! it@uwodioenonl y,i $f eemddioyn r
treated with susrgeicceailvionpgt isounrsg.i cRadt iternetat n
|l ong and pafnfolthecpastydecacddhoarsa lsé ggm
maelt o better under st andettitpdmdiagt beulmarc hpa
tendonr et d ;vxywhhiccan be used as the guidel

therapeutic treatment féYy 5% é&€hdinopathy ai
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Theat beal i ng process of tendon tissue

The nesreatigoedi ti ons of tendon tissue ar
cel |l and matri x tur nomesué eRedsounl ttsu rfnroovne rn
hal f fe val umesnstf htoom otvweor a hundred year s,
have very |l ow turn overthertdealhionfdg® 3ot en
Recentl vy, a study was conduct evdaunt ®e®fe s a mi
di ffer%®nh€iargesi ndingsobluggeshesi st hat¢cur s
duringl7ageanmd there is no significant t
Though tendons have | ow tumaeaniiegdli muhleat iad
and injursy.acienvadwt esmmcec e asesvlelldgraasdyuct i o
and cell ©®prédITihfi sr astuigogne st sr etsipaoth ot ecnhoacnygtee
physical activity, and is an active par
Si mi leci $8i mul ati on, tendon tissue can a
andiabhes a natur al healing pep@akeesdwhi c|

healing process ¢onguses lob)t hree phases

Tendon healing process

Remodelling — Nataration

4 5 6

B
—
—
w
—~J
— 00
—\0
—
o

Time(month)

A summary of changes in tendon healing

Inflammatory stage Proliferation stage Remodelling stage
<
£ Tenoc roliferation Cellularity and
3 ils yte p A | Type III collagen 4 STy SN ¥
Monocytes 4 . . . production
.§ . - Matrix protein production 4
& | Neutrophils A4
k18 : . Type III collagen *
S~ | Platelets 4 Tenocyte proliferation 4
3 Type I collagen A
g bFGF IGF-1
gg | PFOF IGF-1
E 2 | IGF-1 TGF-
2% | PDGF PDGF P
2 TGF-B
5& | ToFp VEGF
VEGF

Fi ga6®ehe t &draddpmrroocess amd ha masamrairlyarofandelmatri x c
tendon repair.
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I n the 1initpahsemiMmdbradniyeartroerdy t o7 2a sh atuhres faf
i njury, er yitmfrloacmmetsor gndcel | s such as N
ma c r o pehnatgeers t henpPtlt Angf oy baerieel €éaséeéodrso in
formati onvadcua amewet wor k, for vascul ar
di minution of blood ®Sumpglhyeratchaingeseé d mad
rel ease of cytokines, stimulation of t e
I nfl ammat orfyavcoeli rltse ndaolnl tiinssue rwpfaibr awung
ti SSu®With the igmemiegoatitiimooneam@nocyte, the

synthesis % also initiated
he second phaseliidpthrasate| ed trlkee@eair phase

onti pued i fasryattdhesi s of type 111 col | age

i glhev el as wel | . t yTphee Islylnt hperdoiltseapdgn y c at

T
c
Production of other proteins proteoglyca
h
gl ycosaminoglycans, which are the main c

random’attern

The phamsaf err edmbd de pae , can be divided i1

consoldtdaage oamand maturation stage. During
arreesi zed dhdlineshapednsolidation stage,
hi gbvel while tenocytes and coll agen st a

a higher 1| evel of tyapdl i gvee@thl a genrociys esyr
would last from six to eight wédékstherd
maturation stage, newly synthesized fibr.

period of over a year.

A variety of cytokines play vital rol es
start of t he repair, aisnfil mtmemalt eu kyi nc yd roe
i nfl ammatory <cell s. Later in the prolif

i ncl baisfnigbr gl loavs th( b RGBFdonre mor phog€é€BBP) ¢ p
i ns-ul gpowt h-1(fla@Bporatdelretv e fgacdPMdGFaAsScul ar
endothelial (YEGM)Xthraadndsd too mi ng g(rTo@ifahl If ac
contribute to the repair of tendonhatei ssu:

been summarised in figure 1.6.
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I't is suggebtedtibatoftheheomxtrinsic and
behi ntdenttheea!l i nd8 gt Hme s nusther otheepr ol i f er a;
epitenon and endot.enlolinedtedireosnydyd £ st cpind & li
tendon repair lbyragsee a n &t ioodes poefod all lhayg e n
reconstruct? tTened oenx tEfGMisi ¢ route is that
fromdbhesessels and circulation attach to
secreted® pHowev ars, the ewxmnitirmdbiuc er ¢ wt et h
damaged t eingddlosno trieswlet s i n t & real facsagmoautnito n

of di sdricgpesenrfieseded t o as scar tissue.

Il n most of t hei npjautriyent endotnh eu spuoaslitl y do e

mechani cal properties. I n figure-ilnjauriys
tendon Wwietnhttehnydeomhe | eft side of t he fi
char adtcer hosfa Ittteimigd on  t i ssue. | tf r@sr e htoiwg h tt
bundled and aligned, supported with orgal
around tendon tissue. On the right side

injury. Thinner anfdir &ir®orsgamomisndeaoimbegen
of proteoglycans (8howné njhagytg!l t ewdandt b$

have a higher | evel of type 111 <coll agen
f or maotfsoanr ti ssue. As the major componen
which is thinner and weaker than type I
antdherefore, would deunsd ttemegthe ddlcttienn onf

Healthy Tendon Post-injury Tendon

Loosely bundled
Fibres

Proteoglycans
/ (Yellow and Blue)

Collagen Fibres ~ EE

Fi gu7 A scheinmaltustofraotrimemdndon anatomy (1l eft) compar
after injury(right).eti®glure adapted from Scott

13



Due to t hef foooarattiiomsue afmdjledhseat gdni gadc
is found to be wehkaltemp'mplalr e dwewd k ehn etdh em
property may pedkgprodsoen tthe a -inijgdhreyr ri sk of

Changesnoil @ dteiveed of tendon tissue

The mol ecul ar changes i n damaged tendor
researchers drmd btete eme wwmareirsm of tendi nc
heal i ng. Tendon matrix i s aorhgagdtl mulcto npp
di fferent componentprinaompesdonomat nck y
protmnotseogl ycan .arCd/telky mepsr dtikien a vari e
enzymes that af fteteenthae@drhyxdrolysailsoof ound
damaged téhdbhmetiesea@&r chet.chtbwetde d hiey cRial
mol ecul ar compositi o’ iArs isrgoawine ti mhemn & o ri

significant increase in collagenytpepe II
coll,agenn tendon matri x.
TablleChanges of structur al mo | esciugilneah gc Eozy mespr €5
|l evel in tendlihrrapha dpyt éndactmm idRd .P° & ly
Ly YIGNRE ] eG21AyS&aAHEW 9yT 8YSa

Tl O02NER
/2Tt F3ASYy R ¢ DiC R aatmIdpImdpI R
/2Tt F3ASy R L DLC R ¢LatmIo R
CAONRYSOU R +9DC R aatd®TImMnImiR
¢SylraoAry R t DO9H f ¢LatHZoXn R
' 3INBOFY R .at R
.A3dfeoly R Df dzi I YI (S R
+SNEAOLY f {doadl yo0sS R
5SO02NAY f ba5! w R
t Syi2aiARA R ¢ DiGv m R
5 SYNaidzA LK R t 5DCw R
Al saon i ncreasdd pamdduriwaswoflfloaugnedn i n tendin
mat’®Cal |l agen is one pf odttéhend mp s it heenpdon an
changes in collagen | evel after tendinop
for teadomentr The | evel of gl ycosaminogl
chondsal pppmdteecogbypycaesased in tendon matr

with a hedd i 6hgampgoseiss t heenlzepwerll | @fd anaf
met al |l oproteinases ( MMPs) ralksomedmaaWw® prad
( MMPs) areemz yrmenmsp oyn soifbl e f otr hteemehade gxada

both healthy and diseased tendon. fdhere
14



naturally occurmasngt iisnshsebfi it minishh iktndoravp r ot e

(TIPM?! I n ruptured tendon, expression of
TI MPBncr ansagdr esfs i MMP 3, MMP 7, TI MP2i,s TI M
decreased. I n chaeoadieevwpla MMPBen MM 10 and

observed ail onomge avp ¢ toshNhReh3

One of ¢thiekimoals ofi nmotleercdudre arrgegewe haf @ach
Gr owt h factors draet eret easepd! ymomphp nuc
macr oph aithesy nasmietcsii fgincal or mMes&agwt hof aet t
to smphecriddept or on the membrasa eckrices |
bi oc henmiacsatlih@mn result in coll agenatsiyonn ha
overall teecbdédgat®? i®k

1.14. Cur rEretat menlt Novel Strategy

Current Treat ments

Currently, s e theerralpaeenbeethd @ppheadi ng pr
tendon tissue. Diffeodehnf eteeabat menes sanoé
i njuries, movementphwyainaagle meémter apy can b
damage and prevent further deterioration
and sweolrd iemgan dirafl | ammdttisgN@Al)s e gi ven f o
managemaalti mninctaulat i @emor tletd itsh art the overu
steroids might increase the chasgcppoft te
evi d®¢mare t hose fwhomsohfenioevemupevueered pari
asur gi c ana yoadpteifdineAl s u nomarrrye notf tr eat ments a
i n devel opmdanbtl ei2s. shown in

15



Tabl2eAsummary of current treat mdmnmttd df @amRiGPPeeNdi eopat
t hahs absluemmsesther apy t endon chr onhiecr dppayi nt oun@ tywr eN o w
and tisams tasdr gopxeriat i on.

Treat ment Putative target or mode of act

Rest or modiiRemoval of precipitating facto

activity

Orthotics Removal of precipitating facto

Cryotherapy |Reduction of acute inflammatio

Heat treatmgSti mul ati on otfo cierbdlrosoadd éf \ iotwy a

PhysiotheragSti mul ati on otfo cierbdlrosoadd éf \ iotwy a

El ectrical 9Reduootfi gpmmi n perception, sti mul
cell activity

Laser treatnPossible analgesic effects and

continuous activity

Pul sed el ectPossi ble analmgepdcaxi feifdd c(twsnlkamay

fields activity

Ultrasound 9Ther mal effects on tissue, sti
flow

NSAI Ds Reduction of inflammation thro

I shown tthhagd tmeksat nnefenhdi nopathy rmaw eids p
whi ch Il ncludes ultrasound shock wave, P
therapy. For minor injuries,aptolseotythcesme a
i n managi ng "%Ahecn tsryanpl eodntse rocfi seexss can be b

we |l[Elx.ericy seal both prevention and treat me|

showed that i n clinical trials there was
the patient. Apart ftrioomn phasi bcaé¢neappli s
of NSAI Ds in clinical trempildpwtr fsewv,etrahd
anidt was proved hel pful for reducing the
can only be -tuesremd paasi naadsihdomitmfalnaamgm me nt a
some cases, when medication and mowement
sur gapcearlati on is applied.n Hohwvheaweseatdaprad i e
very mmaisntfopleeaovery and haverwupthilghlrmah a
conclusi on, t he curreate cootverstuifdnali ent
tendinopathy amnpdart enaddr@ernrhyamtcler et he .t endo

Scientists amé tleoagagrmagaectho rf o o n d iatniskavge, rtabi s

new therapeutic approaches come into sigl
Advadiceat $hemtt egderdoholrnjury

Conventional treatments for tendinopathy
of tendaint drisgpureofcheshe treat memd wrfgdnet

needed hpadtecadiegnt 6 ecahopment s have bee
16



understanding of t @madleowm tamealr atpeenudtiinco psatt rhay
devel oped. stSoameaepibés det he use of growth
proteins OFBEE, aTl@F | @pmeas ncl ude t he us:

therapy and gene delivery.
Gr owt h ifnachteoarlsi ng tendon

Varieties of growth factors were found
proegsisncl udliinlge i qirsawti mpfi a ¢deedr @egw efdli tGHB sfsa ¢
and theirPDGFargt ®PrDs<GFRs ) , transforming (
Fi brobl ast growth factors (FGFs) and va
Di fferent growth factor si x!|hmeatdemifdadmnt |

However, thertecame oSd mihadti mewshhs gilonsct| uodfi
manuf act varef f ildeeddinvteefr y system and difficu
These phaWwdemd ed the application of gr o
proteins assftore ttemaatnmemratt hy. However, |
endogenous growth factors and morphogen
strategy .@erce rtdh eapgdtpeyinth éarsd pae ut i ¢ strategy
mi ght aphkigaudeatucrtdad n fafr ttnMpeoere t he heald

ti ssue.
1.2. Gene THerraplendon I njury

121. Il ntroduct iToaer apy Gene

The tigeme ©OWwasapyr st reported by Clyde E
descriftehde asorrechasead ohesvgiecamei pl and®s and
Subsequentl vy, the concept has been ext e

synthesis and introduction of%%g% nes into

The first attempt of exogempuengseneadelpie
Stanfield Rogers in 1970, wheopapdml dimavri a
three Siebdmamgh a purpose of t8@e®dtTihhmagar @
sati sfacwamrcyhireevsewd! tin this tfiabkft ahtieicf

the potenti al of wviral carriers.
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In July 1980, anrebdy hMar humag€l it néahat ampé e
Theéone marrow adalestesf eptnracted and tran
encodiingl otbhherea ndheerteher pes simplex virus ¢t}
gemefore being transplanted back into ¢ttt
with neither good nor haemhiu¢af’esedsendu

Anot her decade | ater, in the early 1990:¢:
advanced mel anoma wiwiht h Eydmiphfeorciyat leican yncaor hki ¢
phosphotransferase gene using retroviral

using a marker gene to obser™e the biodi:

I n the past decade, one historioaltbkbegeht
veterinaryvgenpRABRORAIRGWhi chA T se8combi nant

virus in which the thymidine kinase gene
rabi es waguaspproved. This vaccinae kel pgéd-

pets and |livestockprnedec¢sesssrigg®®u aac it me D «

Though gmueatsadn gene therapy have been
announced in September 1999, when Jesse
trial for i ver genetic diseasedemoivi hia
vect oOt hetrs peantrioelnl ed i n the tr imgl!l,gefasyv ar
and Dbiochemic®!| ldabniosr mabggéesed that th
Gel singer, suffered from vector toxicity.

trials and |l aid a shaddhw?@apwer the whol e |

The delaetshs eo fGealissiveradg etmoensasr ds t he safety of
with many other i ssues. It was realised
gene therapy becomes practical for clini

guestioning of pwheddwlrd gfewmlef itlhetrhae expe

promi sed. Undoubtedly, it was also real.
were all I mportant aspects of a delivery
t herapy hadanmd eenxexniac fe fibi ed w\atectrkbesd d eyniihsh anto t h e
advances I n the field of g e n e n ptrheecr eadpeyn t
possibility for the treatment of numerou

gr enmatny patients.
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Nowadays, gene therapy r efeexrpsr etscsitnlge ume It
promote the transcription of RNA. The ti
gene of interest anlfheatmelrpnpeenylcadeedr s
to cross timemlierbduite mllsssomaneeds t o penetr af
way 1into the nucl eus. Upon reaching the
transgene umnrietpliasctchd &@xplllee s,0 dtemd | yene of
trabsesidntio RNA. ®hediRNA ayist ha t herapeutic
a protein or peptide that i tself i's the
Scheremaml . proffpesned itche bi@éd malc o iftedy gu sse t oof
s h
t h

ort oymglbeuicteoti des t ooarad i pruil radiep alelny
e
phar macol ogy involvaedsrtnd ©o$ e gothhuesrhaepoe u tdi
e
e

us@at iosReNMAs e agretnie ,RNArnt er f er i %fg Geetnreatti e
agent , which is distinguished from a cl ¢
Th
20 base pair which i s necessary to ens:
recognising the taQrgectk thiycdoriobgghewd e Wa s s o

Geneti c ntvibpdrvaepy tihe del i very of smal | (

ol bpgodeclenpl oy as itshyep wmchaehr aap eluetni gct ha g

t her apeainiti ct hat target DNA or RNA strands

smal | mol ecul e dr ugdededviesexipiy e sso v el DNATr
smal | mo | e cpurl eetse itmasr,g ert g e cbhectvweebegn.  grehnee  t
genetic pharmacol ogy and small mol ecul e
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Genomic DNA

Gene Therapy Genetic Pharmacology
Delivers gene that Samll oli leotid

~ — e — oligonucieotides

is generally flanked targeting DNA or RNA

with promoter and

terminal signal group |
mRNA

Small molecule drugs

Targeting protein

Protein 4—J

Figu8Gene thevapyes at gerps essidnogmp o s epdr oonfptagene,
and ter mé$ ing aloinlsema | | mol eculder ug¢gsahgmitc apshjhootreti n s,
oligonucl eotides used in genetic pharmacol ogy ger

Though gene t heharpmgacaonldo gge nheatviec bpeen di s
ot heScltbhegremgmli t has been acknoewhpelddgye dt ¢ th

igene ®Dheralply strategies implying®the use

Sever al advantageous properties render g

a variety asfeddipnomgyheesdBvetanding of gen

cel l ul ar aedtiisveiatsye aancdt i, gveiat egt ohr esvliiddhel notnisfhii cpa

gene i nvol ved I n, digesma&s et hedewawelyopmaeyt pr

opportunities to cuag®ndihtei crusr remtd gnuind er
t

al ernative of the ®¥xisting therapeutic

First of all, gene therapy i sarcchukgdoOhegr
deficiency of gene or protein exlppkasio
antitrypsiwhi déf icaiusrcy pbaetaehit g gedswde fsfud ¢ teh

| ackl pfifa ant whiypbprnestseirme  aot eacgteinte f or I
ti ssues. An o tthuecrh e@x @ mpnhues cu |l ar td et rva pthay
e X pr e sdysotnr copf hiim niphsesc 1 eii By 8% olg

Secondly, the delivery of protein may | e:
unceritmaidbygyage in the target tiebsonel andl
reach excessive concentrations. An examp

20



haemophilia where the administered prote
the therapeutic thrleisielOh dhhe tod hiatpy haho
unl r&eombinant ,prodwlidh pgrheviagggg a constan
protein when the del aveereedageénehysedaopnon
addition, gene ded v aredrfiygo@pgrromv i deet eihne r e
agilability, reducing texeogefmatutsfoors . mul t i

Anot her advantage of gpepaciwtieartdyywy ¢omeas gf
designed properatiyalt oc omttradAlppobaches eif hek
delivery of therapeutic gene peédedidforteary, utn

expression of the desired protein could

specific cell type. | mmune responyseaf ar
mi ssing protein in gene deficiency for i
usi ng gene therapy, one coul d avoid i m
expression to cell types with | ess anti g:
To conclude, gene therapy is a power ful i
advant ages. I't might be used 1) to treat

mi ssing protein 2) to enhance theregopees

an apoptosis gene in the treatment of ca
given protein. There are manyesxampgbeshan
prove of gene therapy application.

For i nstance, gemeliinender apyeatmenbemnfd. Haem
Haemophilia A anhll eBeddrneg odd msepemdietrasl cause

functcilonali ng f arcltXo,r ,r eFstUpleictteiavnedtyhh.er apy f o
i's | ar gdeeloyp othe ppehye odfe lprvoetrei n substituti on
pl asimai ved <clotting?®/faTther slhidivdl | difalntdh eF |
factors results in the demand of a relat
a higher frequencyesdariynf ulsn osmonmes caa sseos
anti bodieeust rttdleatssenj ect ed cl otting factors
further! tGenapy herapy as a peotenamieghyt al
address tke®nvesdrestnalfn deil eveon. hAGtemophi
models (mice and dogs) using adenoviral
encoding gene haansthlkeeearsuépaer tceodn,fi rm a

expression |level °2wi%tShi mli-d Imir 0 iepdradt oxi cdit s
21



l entiviral vecteorm KW latdhe Bjyves d wingn ov e n

prel i nical studies, the administration of
| clinical trial stimulated an $/nfThmheuwnat
mi ght have indicated the selection and

consibdefroerde admi ni strati on.

Anot her exampl e i s t he ubDsuec hoefn ngee nneu stchuel raarg
(DMD) therapy. DMD i s a genetic disease
protein, gescerr bé | Xdc b,y oimp st ke ¢sayl mpTthoems
oDMD nciltivweceak oéssmuscl euppeesrmpearimlmhwyscl es a
of the hil®s Wmtdi It hrigghhesnt |l y, the most adva
being developeaetdissensbheottcgoask| eeti dies R
motomhspriheess eRNge,r which iskipaliingd asoom hat
the spliceosome on the targest edfohawmet h e
mat ure geh% Thasnkeigpopnipntg shoul d be able tc
the DMD gene and in fact, as Graham et a
the expression of dystrophin in cultured
mo d 8°P%® On t he -dlaisnisc aolf esptriuedé atsmeomt tohf DM
clinical trial of thehabdM®nevodeskakpemnngl
|l evel s of detectabi{l®& %dwys$t rnoopphman dreovtedisn
patients four weeaknsloahhdeeraemeniéd®’t sawieoe.

1.22. RNA I nterference

ThRNANnterference (RNAIi ), @apr ogecmsod gmasye
signil fyinc atetcyeRlraBRNA Nt er f erenfaep( R8NAS $- 06 s
specific posttsridreancrhiingt ii nsdtutceegd roB NALS(udd R
Thibs ol ogi cal waé e n odiregsicarhi ibyesde cit rs pt&nt s

However, owdryk adft efi t@aeeamar hebbbedgnadrsissta war d e
forNodeili zetsuwagetsht aggdd taemo-8 ad ns c ga rpe | vinlad n ¢
ef fret erarse dRNAI'%S &Swibsteyuent research on
dupl exes of 21i btasieggan g si msma&MMal i an cu
possible wutilisatranded RMAgttadombbeat e
activatiingmeceb p@hase pal’r of <30)

22



Recentl vy, t he U. S. i sFtoroadt i aamd (r. 8g AdMAI)nN
Medi cines Agency both approved Patisirar
RNAI therapeutic targeting transthyretin
amyl oi dosi s. Patisiran hylrmet a sngqegh@e Ppnbhenc
t hsepeci fic messenger RNA in the |iver, r
or dest oopo sl ow down the proidoesswiubn, ot heh
Patiisapiaencset roofng telwatdemrceves the clinical

i ncident would inspire researchers in thi

The mechani snRNoAmedx apeddd®wn tbhpemnde on
gui de RNtAr anmeotmpil €eynenttamenMN A rgaRkiNAid Tg,i gge

which includes smal/l i nterferiasamalRNA p(i sni
RNA (shARNg)hlairpiing RBEANRKNALt mol ec ul a&i rwiitnh
struanaiarne be used to silence tarrgkte HThae
expression of shRNA in targaéx grdéwdesdtaooor, m

suchpassmiwdth appropriate transmembrane
requi rfeas pinmec essritbyontultd e nd ® DBimaed er mat

bef ore mediating the RISC dependent sil el

Mi cRrNoa ( mi RNABJ ogaerneco-me d idRgN A s tbgul at e g
e X pr etshsriooungh a memcvhaalnv essm tthhea &inrsH iakk ii toino ra nd
degradatdi ame related to the regulildtlitoni ©
found that mi RNA mol-medi etedufdnérsghbenc
of the endogemammalmirRNA mpdf eméyt ary t o t
t ar geftmeo mge produced | ong dsRNAs wearned pr c
Pastha generate ~70 nucl eoti des -nlioRMNgA.| oldhpe
prmei RNmMo| ecwerees t hen processed in the cyl
generate maturee mamRNASd wh2 c hdadt'@dtei dneast u
mi RNAs contain whnaeasmgsipdeamssbtandor the re
templ at es and assi st target MRNA ¢l eava
degraded by enzymes in the | ate stage

responsible for the regul ati on vaofr arwel tiinp

di fferentiation and biological devel opmei

Smal | I nterfer sqrgoofyvra | (Is iIdBSNRANNA mol ecul e o

in length and are camahdliat ed'lsiliigkpe i migRN
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the si RNAs containsespomsi lblee stamdt hérat e
templ ate st anget MR NeAn dc | ceraey aga@s senger str e
cell s, most si RNAs are normally exogenou
stage RoIAprtcdheess when | arger exogenous ds
Di cer i nto smaller fragmahse. uSedt heot itcr

medi ated gene silencihlg with RNA deliver\

RN A i pretcaestes t he ifnterxomdweamtoiussn dos RNA sucth
t htearqgeelt! | foll owed by the encounter of
(demonstrated in figure 1.9). N-bh e r Mii rceaelr
helicas,e adwddA ndi ng dioNglai mdiinmg / Argonaut e
(PAZ) dmmavion t Kdenm | didmaThse dsRNA sequ
processed into siRNAs and -2n5 chaR&Ap@é@mr RN
exogenous si RNArdidmtae ntcarsget cel l do not
Di clé# d1° TMRAese smaller dsRNAs wer eRNAnv ol \
i nducedi sgl eompl &t SCRb&8Cc| eoprcotmpiors ecdo m
Ar go nprudsee({ Ago) , dsRNA template and comp
Ago protei nnf ampoyrltealnaly st he process of R
of RAhvkomain and Piwi d9madahe PAZi tematnuof
can engage si RNA or mi RNA, RNsndtH itkhee sPtirwac
that 1is related to the cleavage of btyhe g
RNA helicase to form a guide strand (ant
guide strand directs the cl eavagekeprfadad
during RI S&® aTchtei vtadrn et mMRNAh oispholdeasgeeér
which is positi onledd abnede sdelle tdi encgr ceifaesee&x pd e s s
of ttahrggeehtd
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Synthesized siRNA Double-strand RNA

IRAERERERRERE ITTTIT]

TT T

(FRFRRRRRRER
RISC
& [ RISC assembly
I o ] Cleavage of
l — passenger strand

// TTTTTTTTTTIT —

Target mRNA &Ji\)

Cleavage of / Q
target mRNA A i
__,A“Eﬂﬂ. 4 ’VWTT/.'*." Ty AL&

T T "-"T‘
(\,\fﬁ\ \ 7 ”7‘."7‘7 )
i T

T

Fi ga9Mechani sms of RDNAuUlbsihder amfdede RAN&. ( dfsiRiNsAN) d smotl oe ¢
a Dicer protein, which cl eaves .ihEBsientsi RNrfas | biimad
RNA nduced Silencing OGuwmrplagxat ERI SGe si RNAse i nto
passenger strand is degradedtwimpl awlglue hiRg &SiCd & ost r
compl ement ary RNA targets

Delivery of RNA mol ecul es esxhpoeweidnoegntteaa inh d p
thpeatic applicatirocemr eRiNA@mnspacicfrieat gene
observgensplredeffiicci ency effectceam@inesudy tt
devel opmentsea®Bet het he advanced umderpst an
di sea devel opment, novel treatment approa
Ur b-kineatn.reelported a signiumoggaowt redoct her
model treafedewieph oHE-®Rpé gt hglodiyphrmxeets

i's clear that RNAI and dehitveuyg DO RKROAL I

understanding and treating of many di sea:

123. Obstacles to Overcome in Gene therapy

Though gene therapy shows unprecedented

many sci ent i fbiec oovbesrtcadcitied sb enpuosateft yrd @ r ap vy .
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Vect or Tdxmmuintey Remsponse

The case of &BdessagiGel deaghbris an exampl e

therapy that was c aluhsee spob yaakt epsgr st o xwied
Ssubstantiod!| vtidme®lo h basc chuandu | at ed i n the sple
bone mamd ossub deduwgreteleynfal ammat ory respon
intravascul ar resadulaatdiesann d i acayd feiu o & §'a o n
Ot her patients administrated wi t ht hsei mi |
adenoviral vector, or at | east showed |

Gel singer.

Viruses, whet her wi | d type or speci fic
i nformati on, have a high chance ohuman gg
body. Al l viral Vv el cninournsoi giseyna e ld inlde@ gc @8 8 5 S C
showed mambng ahdd oudiemmumnogehi ¢i t &l vect
capsi daviovielktthober coul d-neotdueki zhegvanusbody
as t he -meytimakierde i nfl ammatory responses.
expressed thryangduced cell s coullydmphoc guyge
respdhd®hother factor that affects the to¢
shown evidence that t me ur a fdmnmiuymnoahti osrtyo crhee:
have increased |linearly in'*% esponse to i/
To address this i ssue, various strategi
original viral genome from the vecteoers c.

medi ated i nfl awamsattiolrly® % éts&totnesikes f oeused
escal ation pointedofouuvi rtahlatvietchtaoneesep aant si eoani

characterised by a threshold theory: wh e
limit, the cellular toxicity incred@fes d
Ot her approaches include the use of a |e

or Adesoci at ed Vvirus vectovisr alThee cdteovre
alternative for viral vectors hamp ardesdh ntce
vir al vedtrarls ,vercdadmrs showed much | ower t

cost of trankection efficiency

Besi descavuescetdori mmune r es podnsgeo naircch etms e il @ is t

could be considered as € xmmgreeapiiousgdalh & o g e
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activat i-loink eofr eTcoelplt alrisk e( TrLeRcse)p.t oFT®l lar e a
receptors expressed in mammalian | mmune
i nvoliwed ecogmatth-eoge noxcfi at ed mol ecul es, I
exegous nucl eic aci dsinnlahiemusnieRN A stproingge re
by the activatibd N6t TRLIF thed FRRBAs cou
of TLR7 and TLR8 since the recdgpehdento
I's suggested that RMNAU asreogsuiemea d(slh@)srcenced me |
(AU) could be moré® i mHowesvdmul REALtyddqee
only cause of i Mmmune response, for it i S
sequences are '@} s®hd mmumwectawrtd veend | engtt
al so determiniety.tsThoungimolwemmh cdoubl e str:
could trigger i mmune activity, it is sug
as a stronger sti mditatiar itshaal sdo urbd peo r s te
mol ecul es, though rich in wuridine, guan
i mune reaesmponsdeir blpéh ghhes(e<2f0i ndi ngs may
guideline for design and selection of RN

short ,-stdroaunbd emol eeurld eAUthohsg@&A@dy provide

activity with [ ow i mmunogenicity.

|l nsertional Mut agenesi s
In 2 0CHlOb,azCallaod hi s coll eagues reported a
functiimmwmile system in three chturhamr ense ypear

combdn i mmunodef i-Xli edtc g&(s58Q1op)oi et iwer st en
transdumwerdi wad tlheukaewi apevradhats € Med felsa it
cytoki neanrdecterpamspl ant ed !3Falcee icnhtaoi nt hcey t
retplrays a vciyttaokirmalees oigmiat soanndp a thloway s,
| y mphoccayntneost mat ure into fumnttiddh aBalsTegc eol
this study, more pati SEMDIs ardceavkeideveada:
resul ts. However, t wo of tcheev eplcadt 2 @ kb & & miwee
di sorddr i s rbeetcragpwsireroutschebaideedle LI M domai n
(LMO2) odoopgegearmsedouict em. c dlhles i nserti onsée
activated the expressionr ans dMO2d dgeemileV sa n

cancerotdd T cell s
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Vect or Spect &arget yEhndc Of f

Wi Hd/pe viruses areol icnéfreierd omgdrmse armd |tiit

route of transmission, but the engineer
i nstance, adenoviruses and AAVs m®o wmsot r
system, but once i njectseds hhonmteod thhieg hb rtar

effici emreaysoinelthoi s coul d be considered as

one perspective, viral vectors showed |
perspective, this couldpahbhke -tbgragheoth oc eulnl
organs and tissues in systaedmamni s theed bei 0iiss
ri sk of | eakage and di ssemination to ot hi

Anot her obsttaacrlgeeti seftflreectofifn geneetdhat agd)
gene silence. ThesifRBMfargetcogrdifteico n wafs 1
by Jaeks$®h While using several different
di fferent si RNAs treated groups showed
profil i Arg.r glehe tafafns dr iapmtds sweri &k i aamgdlyys s or
shaomly 8 nnjtcloefotciodnepsi(e ment ar i tTyhiosf itsh ed us
the partial sequence Tompd ameind BHHWR)Y edpfie d
thetaffget mREMABfand KNBenanloll ecul e gui de st
The seed regposi i e®wsSséhntaldt htehesequence in
strand of smal | RNAanat empfl aryesn cae wvmotl alc L
recoghd®tiiBae cr oRNA are madmdoyi@anoddggn RINA :
t hat regul ate hundr eds-t arf gemRNeT exepto mInNS n k
overserved in mi RNA mediated silencing.

silencing neitéaagiesmeffect i n si RNA medi a

negl ected.
Barriimrsacel | ul ar delivery

The <cellul ar e nhburnmeame gperneosnercv ei nf or mati o

damage and ¥dédnyemi hatabso created barrie

RNA mol ecul es. For the delivery of ant i
mi RNA) and ri bozymes i s i mteendeed atpce urtea ac
mMRNA is!']odadedor the delivery of plasm
and therapeutic gene seqguence, It requi
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therapeutli®d a$d weraxlt iivieher ent factors incl
nucl ei molaed Wlilse s present possible barri el
el ectrepaumdst ween the negatively charged
charmgedl ei ¢ daei d® t he phosphate backbon
inefficremtssoel latli @ n. The delivery of | a
DNA Bound more difficult compared with sm
the nucleic aciide dhradheecdmwbestradpildlty deg
nucl ease®l] et bhbdmwbtnhiam i ntr acsetlillull as u saccecpe:
degradati on. Upon internal i staatkieonn ,b yD NeAn daot
vesicles where they can be degraded. The
hydr ol ysii sataensd tahbcee | ysosomal enzymes t h:

mo | e cTuhlee sh.ar rd eslrigpvreormyetsls e ar e demonstrated

Intravenous injection

o SIRNA/pDNA tgmplcx 5
2 o ° o ° . o o
Serum protein induced aggregation Extravasation

o
099520 Cell damage

(Heparan sulphate protcoglyignn § c@ N\

N

targeted

protein synthesis Lysosome

RISC

siRNA induced
mRNA degradation
PR gene silencing

Figuterhbarriersi RNA/ DNA delivery wusing cationic
site to tAdetglurrspeadapt edatom Luo

Therefore, suitable and efficient methods
of the key steps in successful gene ther
be cl assi fiegdoriinetso: tEhlreecet rciacta l met hods, \

based met hods.
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Exampl es of mechani cal met hods include |
Hi gh transfer efficiency i s tacsheinecvee dt hien ¢
is pyecdingelcted into odhle Paatget ecodbloimbatd
commonly réeifdgemeocaddunted emesspeower ed ei ther by

shoot a payl oadhceamgmpbseadr bfclae with gen:

target cell or tissue. Though it is a di
and RNA, it i1 s sugagesftoerd tthos nbpeadutieooaddn i g |
i nto the Etacgebpareat isonl @cst raincsad x ameept| heordo f
del i very. I't uses highcvehstsageéhel patrt pnea b
cel | mamlhdr due t her facilitate the gene tr
t o theen ti mes mor e e f-§ teicmu Ilvaet etdh ape r antearii
accompkayhi gdd cel | mortality.l elctt ri s amaimlet E

mechanied alhhchane achieved hi ghoktel ®mstf eirs e &

considered to be invasive hd complicate:i

The wuse obfase dv edcetlorvery system has receiyv
f ew deacndddhess ,f i el-lda soefd vdeecltiorery system has
Var i ous -boafs ewle cdtedri very syst emtsuchiaasrded tbheesesn
the newedsdfogingand affordable intracellul a
delry ¥ B the past few decades, wai rriaolu, s wee
devel oped and studied for thebildangygf antdi

char 4%t dlosvever, there has ubefenitmeanlde-antoend
viral delivery system, for both possess
the application with different chall enge:

1.3. Vi r al avnd aNomel i very Systems

1.31. Vi rbell i B eyms

It i's difficulhgeeneotaideriealt | gsuaetheraapeut.
ef fidaleirpestyemause naked DNA and RNA mol e
i nt cyttlrogp|l aémrefore, to develop a safe an
on the use of carriers (normally <called
cehkblsecome a primary objective for the uf

s@age in the devel opment ofhagemrca twhdared py ul
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acarveetror for Mgdnti tatinehiemd ttwhde urse nvoevcatl
part of i ts original genome to prevent
t haepreut i c gene tCo mbenlegxpuesdedecombudan

adenovi rasss o caideetneod virus (AVV), retroviru
Adenovirus Vectors

Adewior usmadisuirg e ch on e nv e l|-sotpreadn ddeodu bOWNeA hv iarnu
i cosahdcemnalapmuaadan infect a variety of ve
as del i very vectors ar e human adenovir
i ncluding adenoids and conjunctiva of p ¢
fae c oo i nwfi adhit e 8*A There are more than 50
serotypes divided into subgroups A throt
used osersotaypes 2 and 5 of the subgroup
we l | satnuddhiee p,r oducti on of recombined subg

more coh®enient

The structure of adenoviruses consists of
stranded DNA molecule that contains the
capsid iat ealpydrOtOx imm i n d isaonmeptoesre da nodf 240
capsomeard eachscmaprsiosned eof si x hexon sut
three copies of the 105kD hexon protein.
vertices.i Bamedvérytdi ve units of penton
frerotei nadjnatdanrttte x on capsThmedrrecst ei n poi
out wards andhigt éiractep twirt lona t he target
protein | Xar el lallas oa nfdo uvhild | nanddhenaovifrunscd 9

i nteract wi t h hexon capsomeres to stabi

situates the adenovirus genome whi é% is
The dsDNA mol ecul e irse sprro oadatnd stéindtb,y o € a @ & q
DNA strand, a terminal protein is attach:
of the adenovirus is demonstrated in figi
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» __ Fibre
Penton base
—— Hexon

—\IX
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Figat®he BDcswre(right) and the schematic struct.

The internalisation of adenoVirpuosdeézei nt amt
vVirus capgoixdabki eherus asd (£€A®s)vifhigur
The RGD sequences i n ntthewa daghe ncteolnl bsdigref apcreo
orbs (for serotype 3Thedhade respeattiew @h yt)h.e
cl atnerdiinmeneldcyt osis and iis rapidly relea
endosomes. The vi mpuoesheudinc ktl hye tcoy t wépd ears umc
| ater transported ont o mi oorno ttuhbeu Ineusc.l eTalre
(NPC) and tdiesnsotchheatdeBC t he DNA ftrloen wihrea
DNA nto nucl €6% Tnheonubgrhaniee i s considered t
pl ays a maj ormerdd ladg eidn DtNhAe tmiURcDlseptiosre&r & nmiog
ot ueri denti fnedl fvleids oicocess
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vector *
- J Plasma membrane
1
CAR g“uﬁa.s
Sorting
Early endosome
endosome B@
Mlcrotubles .
Lysosome
Nuclear

— membrane —
Ad pore
genome ———

Host
genome

Figat2nt er nadf dean d vfiinr a heest il esmaanb r iatmtehreuc . eu s

Adreoviruses have been widely used in gen
therapy daenvdbowadaewns , ades®di vesesrs have
the treatment of many diseases including

Adenowassosi ated virus Vector s

Adenoassasiated virus {AAY)ainsng wsvimauls$ , t
obtained in the | aboratory Ipategpdartad i ome o
any known diseases. It was | ater recogr
repl i catiearne olfaiAgiasyt mel gel p of adenovir .
such as herpesvirus were al sroegdloiumat iton ,f
much | ess efficeewnel oppAY haes ahedmal sym
about 20 nm in diameter. The capsciadpsafd A
protein, VP1, VP2 and VP3 witbntaairmg i @ |
singttlreanded DNA genome with a molecul ar
composed of 60 m@hdtdhtee i anmisnuob uanditds raensdi due s,
VP1, could be detected on the tsitvrewpgoyur e.
where tHri&ke pdalkictures in eathguaheetf By
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peak is intergraded with two interacting

be related to receptor bindfng interacti .

Figat@&@he structure of -A&ayr yWdetta@lr.lmiknregaptbgydaxd r om Xi e
al4s

There are 11 serobapidtesi off AWV nepastereitlfy pe

are different in the ability to transfec

and the capsid sequence of the AAV al so c

For the majority of theofAVXVVeichtoboscellhe
endocytosi s. Upon AVV surface protein b
internal i semédibyt ecd a¢thd o°Gpr odiidf f erent set
vect or ;i ndlegptehprdieakse! s o Pound

Studi el woerl eygdlee™AV2 vector par teindloasy t nsv
coulb@ medi atwid5itnht reRgrgidnp/endenti>ip aAtfhhveay sent
the cytoplasm membrane, the AAVs weoesde]
from endvdasamggested to be mediated by a
resident in theés2NThapedsmcAAVft rvePviel rapi
nucl ear and with the assistance of ,a hel
thegain entmnmuciewmdsthbegh the nucl ear ent
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