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The invention relates to a method of treating a cartilage 
matrix - forming bone tumour and / or a metastatic cancer 
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presence of a cartilage matrix - forming bone tumour in a 
subject or the risk of a subject developing a cartilage 
matrix - forming bone tumour , for example chondrosarcoma , 
in which the following steps are performed : ( i ) measuring 
the expression level of at least one of RUNX2 and YBX1 in 
a biological sample obtained from a subject , and ( ii ) com 
paring the expression level of RUNX2 and / or YBX1 in the 
biological sample obtained from the subject with the respec 
tive expression level of RUNX2 and / or YBX1 in normal 
cartilage or other biological material . A higher expression 
level of RUNX2 and / or YBX1 in the biological sample 
obtained from the subject compared to the respective expres 
sion level of RUNX2 and / or YBX1 in the normal cartilage 
or other biological material indicates the presence of or an 
increased risk of developing a cartilage matrix - forming bone 
tumour . 
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METHODS OF TREATMENT AND 
DIAGNOSIS OF TUMOURS 

TECHNICAL FIELD 

[ 0001 ] The present invention relates generally to methods 
and compositions for treating a cartilage matrix - forming 
bone tumour and / or metastatic cancer originating from a 
cartilage matrix - forming bone tumour . The present inven 
tion further relates to in vitro methods of diagnosing the 
presence of a cartilage matrix - forming bone tumour , assess 
ing the risk of a subject developing a cartilage matrix 
forming bone tumour and assessing the prognosis of a 
subject having a cartilage matrix - forming bone tumour . 

BACKGROUND 

[ 0002 ] Chondrosarcoma is a malignant group of cartilage 
matrix forming bone tumours with diverse morphological 
features and clinical behaviour . Chondrosarcoma is resistant 
to cytotoxic chemotherapy and radiotherapy , rendering 
curettage , resection and amputation as the principal treat 
ments . For patients who present with metastatic disease or 
locally advanced tumours who are not candidates for sur 
gery , the disease is fatal . It is therefore desirable to provide 
new or improved methods for treating and diagnosing car 
tilage matrix - forming bone tumours . 
[ 0003 ] As discussed herein , the present inventors have 
surprisingly and advantageously identified numerous mark 
ers of cartilage matrix - forming bone tumours and conse 
quently developed new methods for treating and diagnosing 
cartilage matrix - forming bone tumours in subjects . In par 
ticular , the present inventors have surprisingly and advan 
tageously identified the involvement of RUNX2 and YBX1 
in tumour development and progression in cartilage matrix 
forming bone tumours . 
[ 0004 ] WO 2016/149667 , the contents of which are incor 
porated herein by reference , relates to inhibitors of RUNX2 
activity and expression in order to treat cancer . Although 
other cancers are mentioned , this publication primarily 
relates to the treatment of breast cancer . Cartilage matrix 
forming bone tumours are not mentioned since the present 
inventors were the first to identify the involvement of 
RUNX2 in the development and progression of cartilage 
matrix - forming bone tumours . 

upregulated in chondrosarcoma when compared to control 
( b ) TRF - Gly - TCC is mostly upregulated in intermediate 
grade tumours and reduced to a lower level in high grade 
tumours ( c ) tRNALYSTTT is markedly upregulated in high 
grade tumours ( d ) tRF - Lys - TTT has a high expression in low 
and high grade tumours ( e ) miR - 140 is highly expressed in 
high grade tumours ( f & g ) U6 RNA and total RNA show 
equal loading to the membrane . Western blot using anti 
YBX1 antibody in control tissue , chondrosarcoma cells and 
primary tumours shows ( h ) a 47 kDa variant and 30 kDa 
variant of YBX1 is expressed in the SW1353 chondrosar 
coma cell line ( i ) a 27 kDa variant of YBX1 is upregulated 
in chondrosarcoma patient tumours . 
[ 0008 ] FIG . 3. Chondrosarcoma tumour spheres stained 
with 4 ' , 6 - diamidino - 2 - phenylindole ( DAPI ) to show 
nuclear DNA and Texas Red - X Phalloidin to show F - actin . 
Each tumour sphere was treated with a 50 nM concentration 
of tRF and miRNA mimic or inhibitor ( a ) untreated control 
( b ) vehicle control ( c ) mimic control ( d ) inhibitor control ( e ) 
TRF - Gly - TCC mimic ( f ) TRF - Gly - TCC inhibitor ( g ) TRF 
Lys - TTT mimic ( h ) TRF - Lys - TTT inhibitor ( i ) tRF - Asn 
GTT mimic ( j ) tRF - Asn - GTT inhibitor ( k ) miR - 140 mimic 
( 1 ) miR - 140 inhibitor ( m ) miR - 320a mimic ( n ) miR - 320a 
inhibitor ( 0 ) miR - 486 mimic ( p ) miR - 486 inhibitor ( 9 ) 
untreated tumour sphere nuclei are 488-12.4 um ? ( n = 230 ) 
( r ) tumour colony treated with a tRF - Gly - TCC mimic nuclei 
are 215–16.8 um ? ( n = 47 ) ( s ) overlay of nuclear DAPI 
staining on brightfield images of an untreated tumour sphere 
( t ) overlay of nuclear DAPI staining on brightfield images of 
a tumour colony treated with a tRF - Gly - TCC mimic . Pho 
tomicrographs were taken at the most abundant cellular 
region of each tumour sphere . Scale bars are 100 um ( a - p ) 
and 50 um ( s & t ) . 
[ 0009 ] FIG . 4. Network of functional interactions between 
the genes involved in chondrogenesis and transformation , 
according to the literature , built using the STRING ( Search 
Tool for the Retrieval of Interacting Genes / Proteins ) data 
base ( v.10 ) at high confidence levels ( scores between 0.4 and 
0.9 ) . The relative thickness of lines connecting proteins 
indicates the confidence score of their interaction . The solid 
black lines encircle the set of genes involved in hypoxic 
response . The dotted black line encircles the set of genes 
involved in metastasis . Protein nodes that are enlarged 
indicate the availability of 3D protein structure information . 
Embryonic miR - 140 is a negative regulator of RUNX2 and 
TRFs containing the SCUBYC motif interact with YBX1 to 
destabilise YBX1 bound oncogenic transcripts . 
[ 0010 ] FIG . 5. Using the remaining RNA from previous 
experiments we performed qPCR based transcriptional pro 
filing to investigate the mean relative expression of several 
genes displayed in FIG . 5. We generated RNA pools of 
control tissue ( C ) , low grade tumours , intermediate grade 
tumours ( inter ) , high grade tumours and tumour spheres 
transfected with a tRF - Gly - TCC mimic ( RF ) . We show 
mean relative expression of ( a ) chondrocyte differentiation 
marker , SOX9 ( b ) negative regulator of gene expression , 
HDAC4 ( c ) embryonic regulator of chondrocyte and osteo 
blast cell proliferation and migration , RUNX2 ( d ) marker of 
immature chondrocytes and propagator of the secondary 
ossification centre , PTHLH ( e ) regulator of angiogenesis 
and production of tRFs , ANG ( f ) regulator of chondrocyte 
differentiation , maturation and proliferation , IHH ( g ) RNA 
binding protein for stabilisation of oncogenic transcripts , 

BRIEF DESCRIPTION OF THE FIGURES 

a 

tRNA ANGIT a 

[ 0005 ] The present invention is described herein with 
reference to the following non - limiting figures . 
[ 0006 ] FIG . 1. Bioinformatics restricted to mature tRF 
sequences ( a ) full length tRNA secondary structures were 
generated using tRNA covariance model fold available on 
the genomic tRNA database . We show tRNA GlyTCC with a 5 ' 
tRF cleavage between C and U at position 32 , tRNALYSTTT 
with a 5 ' cleavage between U and U at position 33 and 

with a 3 ' cleavage between G and U at position 
47 ( b ) sequence motif present in the 3 ' end of tRF - Gly - TCC 
first described in breast cancer as a YBX1 recognition 
sequence ( c ) the SCUBYC sequence motif that serves as a 
binding site for YBX1 ( d ) normalised count read matrix for 
TRF - Gly - TCC shows expression is steadily reduced in chon 
drosarcoma patients ( each dot represents 1 patient ) . 
[ 0007 ] FIG . 2. Northern blot using antisense 3 ' end probes 
in control tissue ( ctrl ) , low grade , intermediate grade and 
high grade chondrosarcoma tumours ( a ) tRNA GlyTCC is 
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sition may , for example , be a pharmaceutical composition 
comprising , consisting essentially of or consisting of one or 
more of an inhibitor of RUNX2 activity , an inhibitor of 
RUNX2 expression , an inhibitor of YBX1 activity and an 
inhibitor of YBX1 expression and a pharmaceutically 
acceptable carrier and / or excipient and / or diluent . 
[ 0017 ] In certain embodiments of the first and second 
aspects of the present invention , the inhibitor of RUNX2 
activity and / or the inhibitor of YBX1 activity inhibits bind 
ing of RUNX2 and / or YBX1 to DNA and / or mRNA . In 
certain embodiments , the inhibitor of RUNX2 activity and / 
or YBX1 activity inhibits interaction of YBX1 protein with 
RUNX2 transcripts and / or RUNX2 protein . 
[ 0018 ] In certain embodiments of the first and second 
aspects of the present invention , the inhibitor of RUNX2 
activity and / or the inhibitor of RUNX2 expression is a 
compound according to formula ( I ) or a pharmaceutically 
acceptable salt , ester or prodrug thereof , a 

YBX1 ( h ) regulator of senescence and apoptosis , TP53 . 
Data was normalised to ACTB expression and results are 
shown as mean + SEM . 
[ 0011 ] FIG . 6. Sequence analysis reveals several 
SCUBYC sequence motifs in the RUNX2 transcript . YBX1 
could bind to any of the presented motifs though previous 
reports would suggest YBX1 has preferential binding to sites 
in the 3 ' end . 
[ 0012 ] FIG . 7. Chondrosarcoma progression is proposed 
to be mediated by attenuation of specific tRFs that interact 
with and negatively regulate YBX1 . ( a ) under normal cel 
lular conditions , TETs prevent DNA hypermethylation ( b ) 
mutations in IHD1 and / or IDH2 result in a loss of catalytic 
activity leading to the abnormal production of 2 - HG which 
accumulates and interferes with the activity of TETS . TETS 
can no longer prevent hypermethylation , which leads to 
chondrosarcoma development ( c ) malignant cells replicate 
and form a low grade tumour . TRNAs are cleaved into tRFs 
to prevent stabilisation of metastatic transcripts ( d ) interme 
diate grade tumours start to produce transcripts with meta 
static propensity . TRFs containing the SCUBYC sequence 
motif interact with YBX1 to terminate the stability of 
oncogenic messenger RNAs ( e ) production of tRFs contain 
ing the SCUBYC motif is switched off , allowing YBX1 to 
stabilise metastatic transcripts and enable malignant cells to 
move out of the tumour and spread ( f ) exogenous delivery 
of tRF - Gly - TCC resolves tRF - YBX1 interaction and abates 
tumour progression . 
[ 0013 ] FIG . 8. ( a ) ( based on FIG . 5 ( c ) , for comparison ) 
RUNX2 expression in control tissue , low grade , intermedi 
ate grade and high grade chondrosarcoma tumours . Down 
regulation of RUNX2 using an RNA inhibitor reduces 
RUNX2 expression to control levels . ( b ) Inhibition of 
RUNX2 binding to DNA in bone 3D tumour spheres using 
the small molecule CAD522 leads to a significant reduction 
of cancer cell number compared to controls ( two biological 
replicate controls ) . Statistical significance ( * p = < 0.002 and 
** p = < 0.005 ) was calculated using an unpaired t test with 
Prism 6 ( GraphPad ) software . 

Formula ( I ) 
Ri 

-NR3 
-R4 OH 

R2 

BRIEF DESCRIPTION OF THE INVENTION 

[ 0014 ] In accordance with a first aspect of the present 
invention there is provided a method of treating a cartilage 
matrix - forming bone tumour and / or a metastatic cancer 
originating from a cartilage matrix - forming bone tumour , 
the method comprising administering one or more of an 
inhibitor of RUNX2 activity , an inhibitor of RUNX2 expres 
sion , an inhibitor of YBX1 activity and an inhibitor of YBX1 
expression , to a subject in need thereof . 
[ 0015 ] In accordance with a second aspect of the present 
invention there is provided a composition for use in a 
method of treating a cartilage matrix - forming bone tumour 
or a metastatic cancer originating from a cartilage matrix 
forming bone tumour , wherein the composition comprises 
one or more of an inhibitor of RUNX2 activity , an inhibitor 
of RUNX2 expression , an inhibitor of YBX1 activity and an 
inhibitor of YBX1 expression . 
[ 0016 ] The method of treating a cartilage matrix - forming 
bone tumour may , for example , be in accordance with any 
aspect or embodiment of the present invention . The com 
position may comprise , consist essentially of or consist of 
the one or more of an inhibitor of RUNX2 activity , an 
inhibitor of RUNX2 expression , an inhibitor of YBX1 
activity and an inhibitor of YBX1 expression . The compo 

wherein R , and R2 are each independently selected from 
hydrogen , a halogen , a haloalkyl , an alkyl ( e.g. a C1-3 alkyl 
straight chain alkyl or a C5-7 cycloalkyl ) , an alkylamide , a 
cycloalkylamide or an alkyamine ( e.g. a dialkylamine ) ; 
Rz is H or alkyl ; and 
R4 is a bridged cycloalkenyl ring ( e.g. cyclohexene ring with 
an alkyl bridge such as a methylene bridge which may be 
optionally substituted , for example optionally substituted 
with a cycloalkyl ring such as a C3-6 cycloalkyl ring ( for 
example , a cyclopropane ring ) ) . 
[ 0019 ] In certain embodiments of the first and second 
aspects of the present invention , the inhibitor of YBX1 
activity and / or the inhibitor of YBX1 expression is a small 
RNA molecule comprising a SCUBYC motif . In certain 
embodiments , the inhibitor of YBX1 activity and / or the 
inhibitor of YBX1 expression is a tRNA derived fragment 
( TRF ) or analogue thereof , for example tRF - Gly - TCC or an 
analogue thereof . 
[ 0020 ] In certain embodiments of the first and second 
aspects of the present invention , the inhibitor of RUNX2 
expression and / or the inhibitor of YBX1 expression is a 
siRNA . 
[ 0021 ] In accordance with a third aspect of the present 
invention there is provided an in vitro method of detecting 
the presence of a cartilage matrix - forming bone tumour in a 
subject or the risk of a subject developing a cartilage 
matrix - forming bone tumour , the method comprising ( i ) 
measuring the expression level of at least one of RUNX2 
and YBX1 in a biological sample obtained from a subject , 
and ( ii ) comparing the expression level of RUNX2 and / or 
YBX1 in the biological sample obtained from the subject 
with the respective expression level of RUNX2 and / or 
YBX1 in normal cartilage or other ( i.e. also normal ) bio 
logical material , wherein a higher expression level of 
RUNX2 and / or YBX1 in the biological sample obtained 
from the subject compared to the respective expression level 
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of RUNX2 and / or YBX1 in the normal cartilage or other 
biological material indicates the presence of or an increased 
risk of developing a cartilage matrix - forming bone tumour . 
[ 0022 ] In accordance with a fourth aspect of the present 
invention there is provided an in vitro method of determin 
ing the prognosis of a subject having a cartilage matrix 
forming bone tumour , the method comprising ( i ) measuring 
the expression level of at least one of RUNX2 and YBX1 in 
a biological sample obtained from the subject , and ( ii ) 
comparing the expression level of RUNX2 and / or YBX1 in 
the biological sample obtained from the subject with the 
respective expression level of RUNX2 and / or YBX1 in 
normal cartilage or other biological material , wherein the 
subject's prognosis decreases with increasing expression 
level of RUNX2 and / or YBX1 in the biological sample 
obtained from the subject . 
[ 0023 ] In embodiments of the third and fourth aspects of 
the present invention , the expression level of RUNX2 and / or 
YBX1 may each independently be determined by measuring 
the levels of protein and / or mRNA . 
[ 0024 ] In embodiments of the third and fourth aspects of 
the present invention , the method comprises measuring the 
expression level of one or more tRF having a SCUBYC 
motif in the biological sample obtained from the subject 
such as tRF - Gly - TCC and / or tRF - Lys - TTT . 
[ 0025 ] In embodiments of the third and fourth aspects of 
the present invention , the method comprises measuring the 
expression level of one or more of tRNA GlyTCC , TRNA 
LysTTT , miR - 140 , SOX9 , PTHLP , ANG , HDAC4 , and p53 in 
the biological sample obtained from the patient . In embodi 
ments of the third and fourth aspects of the present inven 
tion , the method comprises measuring the expression level 
of one or more of tRNA GlyTCC , tRNALYSTTT , miR - 140 , 
SOX9 , PTHLP , ANG , and p53 in the biological sample 
obtained from the patient . 
[ 0026 ] In certain embodiments of any aspect of the present 
invention , the cartilage matrix - forming bone tumour is a 
cartilage matrix - forming cancer . In embodiments of any 
aspect of the present invention , the cartilage matrix - forming 
bone cancer is chondrosarcoma . In certain embodiments of 
any aspect of the present invention , the metastatic cancer is 
in the lung . 
[ 0027 ] In embodiments of any aspect of the present inven 
tion , the subject is an animal . In certain embodiments , the 
subject is a human subject . 
[ 0028 ] The details , examples and preferences provided in 
relation to any particular one or more of the stated aspects 
or embodiments of the present invention apply equally to all 
other aspects or embodiments of the present invention . Any 
combination of the embodiments , examples and preferences 
described herein in all possible variations thereof is encom 
passed by the present invention unless otherwise indicated 
herein , or otherwise clearly contradicted by context . 

3 

9 

RUNX2 binding to DNA in chondrosarcoma leads to sig 
nificant reduction in chondrosarcoma cell numbers . These 
surprising findings have enabled the identification of new 
methods of treatment , methods of diagnosis and methods of 
prognosis of cartilage matrix - forming tumours and meta 
static cancers originating from cartilage matrix - forming 
tumours , and compositions for use in these methods . These 
methods are particularly applicable to cartilage matrix 
forming tumours and metastatic cancers originating from 
cartilage matrix - forming tumour that overexpress RUNX2 
and / or YBX1 in comparison to normal cartilage or other 
biological material . Furthermore , the specific attribution of 
inhibition of protein ( particularly RUNX2 ) binding to DNA 
as the underlying causation of the reduction in tumour and 
cancer cell number enables specific treatments to target that 
specific site in the matrix of pathways supporting tumour / 
cancer cell growth and maintenance , enabling reduced 
adverse or side effects and a better treatment outcome and 
treatment experience for patients . 
[ 0030 ] The term “ normal cartilage or other biological 
material ” refers particularly to non - tumour tissue , in par 
ticular non - cancerous cartilage tissue , or other biological 
material that is representative of the normal expression level 
of any relevant one or group of markers with which the 
present invention is concerned . The normal cartilage or other 
biological material may , for example , be obtained from a 
different subject to the subject of the method of treatment or 
diagnosis or prognosis . Alternatively , the normal cartilage or 
other biological material may be obtained from the same 
subject as the subject of the method of treatment or diagnosis 
or prognosis , but from a region that does not include tumour 
cells , particularly cancer cells . Thus , the normal cartilage or 
other biological material may , for example , be matched 
cartilage tissue from the subject , taken from before the onset 
or progression of symptoms of disease , matched cartilage 
tissue from the subject in which symptoms or disease are 
absent , or cartilage tissue from one or more healthy indi 
vidual ( s ) other than the subject . 
[ 0031 ] The term “ expression level in normal cartilage or 
other biological material ” includes , for example , the level in 
an individual sample or a statistically derived level from 
multiple samples from one or more individual ( s ) which is 
determined to be representative of the level in normal 
cartilage or other biological material in a population . 
[ 0032 ] The term " expression level " herein refers generally 
to the level of occurrence ( amount or concentration ) of any 
expression product or combination of expression products , 
including product or products of one or both of transcription 
and translation of the respective gene or genes , with or 
without splicing , which expression product can be active or 
inactive or partially active . 
[ 0033 ] The term " cartilage matrix - forming tumour ” refers 
to any tumour that secretes a cartilage - like material . The 
cartilage matrix - forming tumour may be benign or cancer 
ous . The cartilage matrix - forming tumour , for example the 
cartilage matrix - forming cancer , may , for example , arise 
from mesenchymal cells . Benign cartilage - matrix forming 
tumours may , for example , be selected from chondroma ( e.g. 
enchondroma or ecchondroma ) , osteochondroma , chondro 
blastoma , chondromyxoid fibroma , and combinations 
thereof . Cartilage - matrix forming cancers may , for example , 
be selected from chondrosarcoma ( including conventional , 
juxtacortical , mesenchymal , dedifferentiated and clear cell 
chondrosarcomas ) , fibroadenoma , and combinations 

a 

DETAILED DESCRIPTION 

[ 0029 ] The present invention is based on the surprising 
finding that certain genes are differentially expressed during 
the development and progression of a cartilage matrix 
forming tumour , in particular chondrosarcoma , in compari 
son to normal cartilage or other biological material . In 
particular , the present invention is based on the surprising 
finding that there is increased expression of RUNX2 and 
YBX1 in chondrosarcoma , in comparison to normal carti 
lage or other biological material , and that inhibition of 
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thereof . The cartilage matrix - forming cancer may , for 
example , be chondrosarcoma . The cartilage matrix - forming 
tumour includes recurrent tumours . 
[ 0034 ] The term “ metastatic cancer originating from a 
cartilage matrix - forming bone tumour ” refers to cancer in 
any part of the body that is formed from cartilage matrix 
forming bone tumour cells that have spread from the pri 
mary tumour . The metastatic cancer originating from a 
cartilage matrix - forming bone tumour may , for example , be 
found in the lung ( s ) and / or brain of the subject . The meta 
static cancer originating from the primary tumour may , for 
example , be found in other bones in the subject . 
[ 0035 ] The subject may , for example , be an animal . The 
subject may , for example , be a human . Alternatively , the 
subject may be a mammal other than a human , such as 
non - human primates ( e.g. apes , monkeys and lemurs ) , com 
panion animals such as cats or dogs , working and sporting 
animals such as dogs , horses and ponies , farm animals such 
as pigs , sheep , goats , deer , oxen and cattle , and laboratory 
animals such as rodents ( e.g. rabbits , rats , mice , hamsters , 
gerbils or guinea pigs ) . 
[ 0036 ] Methods of Treatment 
[ 0037 ] There is therefore provided herein a method of 
treating a cartilage matrix - forming bone tumour and / or a 
metastatic cancer originating from a cartilage matrix - form 
ing bone tumour , the method comprising administering one 
or more of an inhibitor of RUNX2 activity , an inhibitor of 
RUNX2 expression , an inhibitor of YBX1 activity and an 
inhibitor of YBX1 expression , to a subject in need thereof . 
There is also provided herein compositions for use in a 
method of treating a cartilage matrix - forming bone tumour 
and / or a metastatic cancer originating from a cartilage 
matrix - forming bone tumour , wherein the composition com 
prises one or more of an inhibitor of RUNX2 activity , an 
inhibitor of RUNX2 expression , an inhibitor of YBX1 
activity and an inhibitor of YBX1 expression . 
[ 0038 ] The term “ treating ” in relation to therapeutic 
method of treatment , also includes prophylaxis and the 
alleviation of symptoms of a disease and / or disorder in a 
subject . The expression “ treating ” and analogous terms used 
herein refers to all forms of healthcare intended to remove 
or avoid the disease and / or disorder or to relieve its symp 
toms , including preventive and curative care , as judged 
according to any of the tests available according to the 
prevailing medical practice . An intervention that aims with 
reasonable expectation to achieve a particular result but does 
not always do so is included within the expression “ treat 
ing ” . An intervention that succeeds in slowing or halting 
progression of a disease and / or disorder is included within 
the expression “ treating ” . The methods described herein 
may , for example , inhibit metastasis or further metastasis of 
a cartilage matrix - forming bone tumour . 
[ 0039 ] The term “ inhibitor of RUNX2 / YBX1 activity ” 
refers to any agent capable of preventing RUNX2 / YBX1 
from performing its role in the development and / or progres 
sion ( including metastasis ) of the cartilage matrix - forming 
bone tumour . The inhibitor of RUNX2 / YBX1 activity may , 
for example , interact with the RUNX2 / YBX1 DNA and / or 
RUNX2 / YBX1 mRNA and / or RUNX2 / YBX1 protein to 
prevent it from performing its role in the development 
and / or progression of the cartilage matrix - forming bone 
tumour . For example , the inhibitor of RUNX2 / YBX1 may 
bind to the respective RUNX2 / YBX1 protein in order to 
prevent the RUNX2 / YBX1 protein from binding to DNA 

and / or mRNA . The inhibitor of RUNX2 / YBX1 activity 
may , for example , inhibit the interaction of YBX1 and 
RUNX2 , for example the interaction of YBX1 protein and 
RUNX2 transcripts and / or RUNX2 protein . In one particular 
embodiment of the present invention , the inhibitor of 
RUNX2 activity inhibits ( preferably specifically and / or 
selectively inhibits ) the binding of RUNX2 to DNA , for 
example in the tumour cells . In one particular embodiment 
of the present invention , the inhibitor of YBX1 activity 
inhibits ( preferably specifically and / or selectively inhibits ) 
the binding of YBX1 to DNA , for example in the tumour 
cells . 

[ 0040 ] The term “ inhibitor of RUNX2 / YBX1 expression ” 
refers to any agent capable of reducing expression of 
RUNX2 / YBX1 in the cartilage matrix - forming bone tumour 
or metastatic cancer originating from a cartilage matrix 
forming bone tumour . The inhibitor of RUNX2 / YBX1 
expression may , for example , reduce or prevent transcription 
of the DNA such that a reduced number of mRNA transcripts 
are formed . Alternatively or additionally , the inhibitor of 
RUNX2 / YBX1 expression may reduce or prevent transla 
tion of the mRNA such that a reduced number of RUNX2 / 
YBX1 proteins are formed . The inhibitor of RUNX2 / YBX1 
expression may , for example , be a small RNA molecule . The 
term " small RNA molecule ” refers to an RNA molecule 
comprising less than about 35 nucleotides , for example 
comprising from about 14 to about 35 nucleotides , for 
example comprising from about 19 to about 35 nucleotides , 
for example comprising from about 19 to about 33 nucleo 
tides . Small RNA molecules may be single or double 
stranded and include , for example , miRNAs , piRNAs , siR 
NAs , tRNAs , tRNA fragments ( TRFs ) , molecules that mimic 
endogenous RNA molecules , and combinations of one or 
more thereof . In certain embodiments , the inhibitor of 
RUNX2 / YBX1 expression is a siRNA molecule . 
[ 0041 ] The inhibitor of RUNX2 activity and / or the inhibi 
tor of RUNX2 expression may , for example , be a compound 
according to formula ( 1 ) or a pharmaceutically acceptable 
salt , ester or prodrug thereof , 

Formula ( I ) 
Ri 

-NR3 
a R4 . OH 

R2 

wherein R , and R2 are each independently selected from 
hydrogen , a halogen ( e.g. Cl ) , an alkyl ( e.g. a C1-3 alkyl 
straight chain alkyl or a C5-7 cycloalkyl ) , a haloalkyl , an 
alkylamide , a cycloalkylamide or an alkyamine ( e.g. a 
dialkylamine ) ; 
Rz is H or alkyl ; and 
R4 is a bridged cycloalkenyl ring ( e.g. cyclohexene ring with 
an alkyl bridge such as a methylene bridge which may be 
optionally substituted , for example optionally substituted 
with a cycloalkyl ring such as a C3-6 cycloalkyl ring ( e.g. a 
cyclopropane ring ) ) . The alkyl moiety may , for example , be 
a C1-3 alkyl chain . The cycloalkyl moiety may , for example , 
be a C5-7 ring . 
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[ 0042 ] In certain embodiments , R , and R , are each inde 
pendently selected from H , CI , F , Br , CH3 , CF3 , SH , 
N ( C1-3 alkyl ) 2 , - NHC ( O ) C1-3 alkyl , and -NHCUOCS . 

7cycloalkyl . 
[ 0043 ] In certain embodiments , Rz is H or C1-3 alkyl . 
[ 0044 ] In certain embodiments , R4 is 

NH 

HO 

or 

or a salt , ester or prodrug thereof , preferably a pharmaceu 
tically acceptable salt , ester or prodrug thereof . 
[ 0049 ] Alternatively , the compound according to formula 
( 1 ) may , for example , be one or more selected from the 
following : 

R4 may be bonded to the adjoining atoms in the compound 
of formula ( I ) at the positions indicated by the dashed lines , 

-?? 

0 , 7.7 HO 
or or 

C1 - ?? 

0 , 
HO 

[ 0045 ] In certain embodiments , Rz is H. 
[ 0046 ] In certain embodiments , R , and R2 are each indi 
vidually selected from H , C1 , Br and NHCOOCH3 , R , is 
H , and R4 is 

-NH 

-O , 

HO 

-?? 
or 

-0 , 
HO 

Br -NH [ 0047 ] In certain embodiments , R , and R , are each indi 
vidually selected from H , CI , CH3 , -NHCO?CH , -NHC 
( O ) cyclohexane , or - N ( CH3 ) 2 , R2 is H and RA is 

0 , 

HO 

rosa NH 

-0 , 

[ 0048 ] The compound according to formula ( I ) may , for 
example , be 3- ( N- ( 3,4 - dichlorophenyl ) carbamoyl ) -5 - nor 
bornene - 2 - carboxylic acid , also named 3 - { [ ( 3,4 - dichloro 
phenyl ) amino ] carbonyl } bicyclo [ 2.2.1 Jhept - 5 - ene - 2 - carbox 
ylic acid , known as CADD522 ( CAS No : 199735-88-1 ) , 

HO 
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-continued 
OH 

0 

NH 

. 

O 

NH 

CI NH 

a 

OH 
OH 

NH 

OH 

CI ta NH 

tRNA fragments ( TRFs ) , molecules that mimic endogenous 
RNA molecules , and combinations of one or more thereof . 
[ 0052 ] The SCUBYC recognition motif is shown in FIG . 
1 ( C ) . It comprises , in the following order , a first nucleotide 
that is C or G , a second nucleotide that is C , a third 
nucleotide that is U , a fourth nucleotide that is C , G or U , a 
fifth nucleotide that is C or U and a sixth nucleotide that is 
C. This motif is a binding site for YBX1 . 
[ 0053 ] The inhibitor of YBX1 activity or the inhibitor of 
YBX1 expression may , for example , be a tRNA derived 
fragment ( RF ) having a SCUBYC motif or an analogue 
thereof . For example , the inhibitor of YBX1 activity or the 
inhibitor of YBX1 expression may be tRF - Gly - TCC or an 
analogue thereof . For example , the inhibitor of YBX1 activ 
ity or the inhibitor of YBX1 expression may be tRF - Lys 
TTT or an analogue thereof . 
[ 0054 ] The term “ analogue ” refers to a molecule that has 
the same activity as the original molecule but has a different 
structure . Since the same activity is required , the difference 
in structure is usually minor . For example , an analogue to a 
tRF having a SCUBYC motif would include the SCUBYC 
motif and therefore maintain its ability to bind YBX1 , but 
the other nucleotides in the tRF that are not essential for 
YBX1 binding may be different to the original tRF . 
[ 0055 ] The compositions used in the methods of treatment 
described herein may , for example , be pharmaceutical com 
positions . The term “ pharmaceutical composition ” refers to 
a composition comprising ( a pharmaceutically effective 
amount of ) a therapeutic active agent ( i.e. the one or more 
of an inhibitor of RUNX2 activity , an inhibitor of RUNX2 
expression , an inhibitor of YBX1 activity and an inhibitor of 
YBX1 expression ) . The pharmaceutical compositions dis 
closed herein may additionally comprise one or more phar 
maceutically acceptable carriers and / or excipients and / or 
diluents . The phrase " pharmaceutically acceptable " refers to 
compositions that do not produce an adverse , allergic or 
other untoward reaction when administered to an animal , 
such as , for example , a human . 
[ 0056 ] The compositions and pharmaceutical composi 
tions disclosed herein may further contain ingredients 
selected from , for example , adjuvants , carriers ( solvents ) 
such as water , ethanol , polyols ( e.g. glycerol , propylene 
glycol , liquid polyethylene glycol ) , lipids , and combinations 
thereof , preserving agents , stabilisers , fillers , binders , disin 
tegrating agents , wetting agents , emulsifying agents , sus 
pending agents , sweetening agents , flavouring agents , per 
fuming agents , lubricating agents , coating agents , 
encapsulating agents and dispersing agents , depending on 
the nature of the mode of administration and dosage forms . 
[ 0057 ] The compositions and pharmaceutical composi 
tions disclosed herein may take the form , for example , of a 
solid preparation including tablets , capsules , caplets , drag 
eés , lozenges , granules , powders , pellets , beads , cachets and 
bolus ; and a liquid preparations including elixir , syrups , 
suspension , spray , emulsion , lotion , solution or tincture ; or 
a semi - solid preparation including ointment , cream , paste , 
gel or jelly . Also included are solid form preparations , for 
example , tablets , capsules , granules and powder , which are 
intended to be converted , shortly before use , to liquid form 
preparations for oral administration . Techniques and formu 
lations generally may be found in Remington , The Science 
and Practice of Pharmacy , Mack Publishing Co. , Easton , Pa . , 
latest edition . 

and salts , esters and prodrugs thereof , for example pharma 
ceutically acceptable salts , esters and prodrugs thereof . 
[ 0050 ] In one particular embodiment of the present inven 
tion , the said compound of formula ( I ) or a salt , ester or 
prodrug thereof , for example a pharmaceutically acceptable 
salt , ester or prodrug thereof serves in vivo to inhibit 
( preferably specifically and / or selectively inhibit ) the bind 
ing of RUNX2 to DNA . This inhibition of the binding of 
RUNX2 to DNA particularly takes place in the tumour cells 
in the in vivo treatment . Where the agent is a prodrug of a 
compound of formula ( I ) or a prodrug of a salt or ester 
thereof , for example a prodrug of a pharmaceutically accept 
able salt or ester thereof , the prodrug is selected to be 
converted by the patient's in vivo metabolism to an active 
agent of formula ( I ) or a prodrug of a salt or ester thereof , 
for example a prodrug of a pharmaceutically acceptable salt 
or ester thereof after administration , as will be familiar to 
pharmaceutical chemists having knowledge of prodrug 
design . 
[ 0051 ] The inhibitor of YBX1 activity or the inhibitor of 
YBX1 expression may , for example , be a small RNA 
( sRNA ) molecule comprising a SCUBYC motif . The term 
" small RNA molecule ” refers to an RNA molecule compris 
ing less than about 35 nucleotides , for example comprising 
from about 14 to about 35 nucleotides , for example com 
prising from about 19 to about 35 nucleotides , for example 
comprising from about 19 to about 33 nucleotides . Small 
RNA molecules may be single or double stranded and 
include , for example , miRNAs , piRNAs , siRNAs , tRNAs , 
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[ 0058 ] Any suitable mode of administration may be used . 
For example , the administration may be oral , local , paren 
teral ( including intravenous , intramuscular , subcutaneous 
and intradermal ) , transdermal ( including percutaneous ) or 
transmucosal ( including inhalation , nasal and sublingual ) . 
The administration may be sufficient to contact the tumour 
cells with the inhibitor of RUNX2 activity or the inhibitor of 
RUNX2 expression or the inhibitor of YBX1 activity or the 
inhibitor of YBX1 expression . 
[ 0059 ] The composition may , for example , be adminis 
tered to the subject for any period of time suitable to obtain 
a desired result ( e.g. treatment of the cartilage matrix 
forming tumour or metastatic cancer originating from car 
tilage matrix - forming tumour ) . The composition may , for 
example , be administered at any frequency suitable to obtain 
the desired result , for example daily or weekly or monthly . 
This includes intermittent and / or repeated administration . 
[ 0060 ] The amount of composition administered may be 
varied depending on the subject , the severity of the disease 
to be treated and exact identity of the active agent . Deter 
mination of the proper amount / dosage for a particular situ 
ation is within the skill of the art . For example , for thera 
peutic applications a physician or veterinarian having 
ordinary skill in the art can readily determine and prescribe 
the effective amount of the composition required . The total 
daily amount / dosage may be divided and administered in 
portions during the day if desired . 
[ 0061 ] In general , a suitable dose of active agents will be 
that amount which is the lowest dose effective to produce the 
desired effect . A person of ordinary skill in the art will 
understand that a suitable dose or dosage will typically vary 
from subject to subject , and will dependent on factors such 
as the severity of health conditions of the subject at the 
outset of administration of the composition . 
[ 0062 ] In certain embodiments , the inhibitor of RUNX2 
activity or the inhibitor of RUNX2 expression or the inhibi 
tor of YBX1 activity or the inhibitor of YBX1 expression is 
administered in combination with another therapeutic agent , 
for example another therapeutic agent against the cartilage 
matrix - forming tumour or metastatic cancer originating 
from a cartilage matrix - forming tumour and / or another 
therapeutic agent against any side effects of the treatment , 
for example side effects that can affect therapeutic efficacy . 
[ 0063 ] Methods of Diagnosis and Prognosis 
[ 0064 ] The present invention is further based on the sur 
prising finding that the expression level of RUNX2 and 
YBX1 in the cartilage matrix - forming bone cancer , chon 
drosarcoma , is higher than the respective expression level of 
RUNX2 and YBX1 in normal cartilage or other biological 
material , and that the expression level of RUNX2 and YBX1 
is higher in high grade tumours compared to the respective 
expression level in low or intermediate grade tumours . 
[ 0065 ] There is therefore also provided herein in vitro 
methods of diagnosing the presence of or risk of developing 
a cartilage matrix - forming bone tumour and of determining 
the prognosis of a subject having a cartilage matrix - forming 
bone tumour . The methods comprise ( i ) measuring the 
expression level of at least one of RUNX2 and YBX1 in a 
biological sample obtained from the subject , and ( ii ) com 
paring the expression level of RUNX2 and / or YBX1 in the 
biological sample obtained from the subject with the respec 
tive expression level of RUNX2 and / or YBX1 in normal 
cartilage or other biological material . A higher expression 
level of RUNX2 and / or YBX1 in the biological sample 

obtained from the subject compared to the respective expres 
sion level in the normal cartilage or other biological material 
indicates the presence of or an increased risk of developing 
a cartilage matrix - forming bone tumour . The subject's prog 
nosis decreases with increasing expression level of RUNX2 
and / or YBX1 in the biological sample obtained from the 
subject . In certain embodiments , the expression level of one 
of RUNX2 and YBX1 is measured . In certain embodiments , 
the expression level of both of RUNX2 and YBX1 is 
measured . 
[ 0066 ] A decreasing prognosis means that the severity of 
the disease is worse , for example the tumour is more 
aggressive and / or has a greater potential for metastatic 
activity . The subject's chance of survival therefore decreases 
with decreasing prognosis . The methods of prognosis 
described herein may assist a clinician in monitoring the 
progress of the cartilage matrix - forming bone tumour over 
time and may assist the clinician in determining a proper 
course of treatment of the cartilage matrix - forming bone 
tumour . 
[ 0067 ] World Health Organization ( WHO ) guidelines can 
be used to classify cartilage matrix - forming bone cancers as 
grade one ( low grade ) , grade two ( intermediate grade ) or 
grade three ( high grade ) ( World Health Organization , 2013 , 
“ Classification of Tumours of Soft Tissue and Bone ” , 4th 
Edition , Volume 5 ) . WHO guidelines also outline benign 
tumours . 
[ 0068 ] The biological sample obtained from the subject 
and / or a sample of normal cartilage or other normal bio 
logical material may , for example , be a tissue , cells or fluid 
isolated from the subject or other individual , as the case may 
be . The sample may , for example , be a tissue resection or 
biopsy , for example a tissue resection or biopsy from the 
bone or cartilage or tumour , other tissue resections or 
biopsies such as from the skin , the lymph node or the 
respiratory , intestinal or genitourinary tracts . Alternatively , 
the sample may , for example , be blood , plasma , serum , 
tumour biopsy , urine , saliva , stool , sputum , spinal fluid , 
pleural fluid , nipple aspirates or lymph fluid . The sample 
may , for example , be tumour cells isolated from a biological 
sample such as tumour cells isolated from blood . The 
biological sample may , for example , be treated before the 
amount of RUNX2 or YBX1 is determined to prevent 
degradation of protein and / or RNA . 
[ 0069 ] The sample ( s ) used in the methods for detecting the 
presence of or risk of developing a cartilage matrix - forming 
bone tumour described herein may , for example , be a 
resection or biopsy from bone tissue or cartilage tissue or 
tumour . 
[ 0070 ] The sample ( s ) used in the methods for determining 
the prognosis of a subject having a cartilage matrix - forming 
bone tumour may , for example , be a tumour biopsy or 
resection , for example a tumour biopsy or resection from the 
primary tumour . 
[ 0071 ] The expression level of RUNX2 , YBX1 and any 
other gene or molecule may , for example , be determined by 
any method known to those skilled in the art . For example , 
expression level may be determined by measuring the 
amount of the protein , and / or amount of mRNA , and / or 
amount of tRNA , and / or amount of tRF , and / or amount of 
miRNA . 
[ 0072 ] The amount of protein and / or mRNA and / or tRNA 
and / or tRF and / or miRNA may be determined using a probe 
specific to that protein , mRNA , TRNA , RF or miRNA . The 
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probe may , for example , be labelled ( e.g. fluorescently 
labelled , radioactively radioactively labelled , chemiluminescently 
labelled , or enzymatically labelled ) . The probe may , for 
example , be labelled with a tag such as a myc tag , HA tag , 
VSV - G tag , HSV tag , FLAG tag , V5 tag or HIS tag . The 
probe may , for example , be an antibody . The amount of 
protein , mRNA , TRNA , RF or miRNA may be correlated to 
the intensity of the signal emitted from the labelled probe . 
The probe may , for example , be a DNA or RNA probe . The 
protein or RNA may be isolated from the biological sample 
and optionally amplified before contacting with the probe . 
Alternatively , the probe may be contacted with the biologi 
cal sample itself . 
[ 0073 ] The amount of protein or RNA may be measured 
by methods that are well - known to persons skilled in the art 
such as , for example , Western blotting and Northern blot 
ting . Known amplification methods such as reverse tran 
scription and / or polymerase chain reaction ( PCR ) may also 
be used . DNA / RNA arrays , microarrays and chips may be 
used . Immunoassays such as enzyme linked immunoabsor 
bent assays ( ELISA ) , radioimmunoassay ( RIA ) and immu 
noradiometric assay ( IRMA ) may also be used . Aptamer 
technology may also be used . 
[ 0074 ] The amount of protein or RNA may also be deter 
mined using mass spectrometry . The mass spectrometry 
may , for example , be MALDI / TOF ( time of flight ) , SEL 
DI / TOF , liquid chromatography ( LC - MS ) , gas chromatog 
raphy ( GC - MS ) , high performance liquid chromatography 
( LPLC - MS ) , capillary electrophoresis ( CE - MS ) , nuclear 
magnetic resonance ( NMR - MS ) or tandem mass spectrom 
etry . 
[ 0075 ] The amount of a particular protein or RNA in the 
biological sample obtained from the subject and in the 
normal cartilage or other biological material should be 
normalized to a loading control . The loading control is a 
protein or RNA with high and ubiquitous expression . 
Examples of loading controls include , for example , U6 , 
actin , GAPDH , tubulin , VDCA1 , histone H2B , PCNA and 
TBP . The normalized amount of the protein or RNA in the 
biological sample can then be compared to the normalized 
amount of the protein or RNA in the normal cartilage or 
other biological material . 
[ 0076 ] A higher expression level in the biological sample 
obtained from the subject may , for example , refer to a level 
of occurrence that is statistically significantly above the 
level in the normal cartilage or other ( normal ) biological 
material . For example , the statistically significant higher 
expression level may be 2 standard deviation above the 
expression level in normal cartilage tissue or other biologi 
cal material . 
[ 0077 ] The presence of or increased risk of developing a 
cartilage matrix - forming bone tumour may , for example , be 
indicated by a level of RUNX2 and / or YBX1 in a biological 
sample obtained from a subject that is at least about 1.5 
times higher than the level in normal cartilage or other 
normal biological material . For example , the presence of or 
an increased risk of developing a cartilage matrix - forming 
bone tumour may be indicated by a level of RUNX2 and / or 
YBX1 in a biological sample obtained from a subject that is 
at least about 2 time higher or at least about 2.5 times higher 
or at least about 3 times higher or at least about 3.5 times 
higher or at least about 4 times higher or at least about 4.5 
times higher or at least about 5 times higher than the level 
in normal cartilage or other normal biological material . 

[ 0078 ] A level of RUNX2 and / or YBX1 in a biological 
sample obtained from a subject that is at least about 16 times 
greater than the respective level in normal cartilage or other 
normal biological material may be indicative of a high grade 
tumour . For example , a level of RUNX2 and / or YBX1 in a 
biological sample obtained from a subject that is at least 
about 18 or at least about 20 or at least about 22 or at least 
about 24 or at least about 25 or at least about 26 or at least 
about 28 or at least about 30 or at least about 32 or at least 
about 34 or at least about 35 or at least about 36 or at least 
about 38 or at least about 40 times greater than the respective 
level in normal cartilage or other normal biological material 
may be indicative of a high grade tumour . 
[ 0079 ] A level of RUNX2 and / or YBX1 in a biological 
sample obtained from a subject that is from about 10 to 
about 15 times greater than the respective level in normal 
cartilage or other normal biological material may be indica 
tive of an intermediate grade tumour . 
[ 0080 ] A level of RUNX2 and / or YBX1 in a biological 
sample obtained from a subject that is from about 1.5 to 
about 9 times greater than the respective level in normal 
cartilage or other normal biological material may be indica 
tive of a low grade tumour . For example , a level of RUNX2 
and / or YBX1 in a biological sample obtained from a subject 
that is from about 2 to about 9 or from about 2.5 to about 9 
or from about 3 to about 9 or from about 3.5 to about 9 or 
from about 4 to about 9 or from about 4.5 to about 9 or from 
about 5 to about 9 times greater than the respective level in 
normal cartilage or other normal biological material may be 
indicative of a low grade tumour . 
[ 0081 ] The methods described herein may further com 
prise measuring the expression level of one or more further 
markers that are indicative of the presence of or increased 
risk of developing a cartilage matrix - forming bone tumour , 
or may be indicative of the prognosis of a subject having a 
cartilage matrix - forming bone tumour . 
[ 0082 ] The methods described herein may further com 
prise measuring the expression level of one or more tRF 
having a SCUBYC motif in the biological sample obtained 
from the subject . For example , the methods described herein 
may further comprise measuring the expression level of 
TRF - Gly - TCC and / or tRF - Lys - TTT in the biological sample 
obtained from the subject . A higher or lower expression level 
of the one or more tRF having a SCUBYC motif in the 
biological sample obtained from the subject compared to the 
expression level in normal cartilage or other biological 
material indicates the presence of or an increased risk of 
developing a cartilage matrix - forming bone tumour . For 
example , a level of the one or more tRF having a SCUBYC 
motif that is that is at least about 1.5 times higher or lower 
than the level in normal cartilage or other normal biological 
material may indicate the presence of or an increased risk of 
developing a cartilage matrix - forming bone tumour . For 
example , a level of the one or more tRF having a SCUBYC 
motif that is that is at least about 2 or at least about 2.5 or 
at least about 3 or at least about 3.5 or at least about 4 or at 
least about 4.5 or at least about 5 times higher or lower than 
the level in normal cartilage or other normal biological 
material may indicate the presence of or an increased risk of 
developing a cartilage matrix - forming bone tumour . 
[ 0083 ] The methods described herein may further com 
prise measuring the expression level of one or more 
tRNA GlyTCC , tRNA LysTTT , miR - 140 , SOX9 , PTHLP , ANG , 
HDAC4 , and p53 in the biological sample obtained from the 
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subject . The methods described herein may further comprise 
measuring the expression level of one or more tRNA GlyTCC , 
tRNA LysTTT miR - 140 , SOX9 , PTHLP , ANG , and p53 in the 
biological sample obtained from the subject . The methods 
described herein may further comprise measuring the 
expression level of two , three , four five , six or seven of 

tRNA A LysTTT , miR - 140 , SOX9 , PTHLP , ANG , 
HDAC4 , and p53 in the biological sample obtained from the 
subject . In particular , the methods described herein may 
further comprise measuring the expression level of PTHLP , 
and optionally one or more of tRNA GlyTCC , tRNA ? 
miR - 140 , SOX9 , ANG , HDAC4 , and p53 . A higher expres 
sion level of tRNAGlyTCC , tRNALYSTTT , miR - 140 , and p53 in 
the biological sample obtained from the subject compared to 
the expression level in normal cartilage or other biological 
material indicates the presence of or an increased risk of 
developing a cartilage matrix - forming bone tumour . A lower 
expression level of SOX9 , PTHLP and ANG in the biologi 
cal sample obtained from the subject compared to the 
expression level in normal cartilage or other biological 
material indicates the presence of or an increased risk of 
developing a cartilage matrix - forming bone tumour . A 
higher or lower expression level of HDAC4 in the biological 
sample obtained from the subject compared to the expres 
sion level in normal cartilage or other biological material 
indicates the presence of or an increased risk of developing 
a cartilage matrix - forming bone tumour . In particular , a 
lower expression level of HDAC4 in the biological sample 
obtained from the subject compared to the expression level 
in normal cartilage or other biological material indicates the 
presence of or an increased risk of developing a low grade 
cartilage matrix - forming bone tumour . A higher expression 
level of HDAC4 in the biological sample obtained from the 
subject compared to the expression level in normal cartilage 
or other biological material indicates the presence of or an 
increased risk of developing an intermediate or high grade 
cartilage matrix - forming bone tumour . 
[ 0084 ] For example , a level of the one or more of 
tRNA GlyTCC , tRNALYST77 , miR - 140 , HDAC4 , and p53 that 
is that is at least about 1.5 times higher than the level in 
normal cartilage or other normal biological material may 
indicate the presence of or an increased risk of developing 
a cartilage matrix - forming bone tumour . For example , a 
level of the one or more of SOX9 , PTHLP , HDAC4 , and 
ANG that is that is at least about 1.5 times lower than the 
level in normal cartilage or other normal biological material 
may indicate the presence of or an increased risk of devel 
oping a cartilage matrix - forming bone tumour . For example , 
a level of the one or more of tRNA GlyTCC , tRNALYSTTT , 
miR - 140 , HDAC4 , and p53 that is that is at least about 2 or 
at least about 2.5 or at least about 3 or at least about 3.5 or 
at least about 4 or at least about 4.5 or at least about 5 times 
higher than the level in normal cartilage or other normal 
biological material may indicate the presence of or an 
increased risk of developing a cartilage matrix - forming bone 
tumour . For example , a level of the one or more of SOX9 , 
PTHLP , HDAC4 , and ANG that is that is at least about 2 or 
at least about 2.5 or at least about 3 or at least about 3.5 or 
at least about 4 or at least about 4.5 or at least about 5 times 
lower than the level in normal cartilage or other normal 
biological material may indicate the presence of or an 
increased risk of developing a cartilage matrix - forming bone 
tumour . 

[ 0085 ] In the methods of diagnosis described herein , a 
second confirmatory diagnosis step may take place , such as , 
for example , biopsy , ultrasound , PET scanning , MRI or any 
other imaging technique . 
[ 0086 ] The methods of diagnosis and / or prognosis 
described herein may , for example , further comprise a step 
of treating a subject having a cartilage matrix - forming bone 
tumour and / or a metastatic cancer originating from a carti 
lage matrix - forming bone tumour . The method of treatment 
may , for example , be in accordance with the methods of 
treatment described herein , for example wherein one or 
more of an inhibitor of RUNX2 activity , an inhibitor of 
RUNX2 expression , an inhibitor of YBX1 activity and an 
inhibitor of YBX1 expression is administered to the subject 
in need thereof . Alternatively or additionally , the method of 
treatment may comprise any method for treating a subject 
having a cartilage matrix - forming bone tumour and / or meta 
static cancer originating from a cartilage matrix - forming 
bone tumour that is known in the art such as , for example , 
curettage , resection and / or amputation . 
[ 0087 ] There is therefore provided herein a method of 
treating a cartilage matrix - forming bone tumour and / or a 
metastatic cancer originating from a cartilage matrix - form 
ing bone tumour in a subject , the method comprising obtain 
ing or receiving the results of an assay that measures the 
expression level of at least one of RUNX2 and YBX1 in a 
subject , for example in a biological sample obtained from 
the subject , and , if the level of RUNX2 and / or YBX1 is 
higher than a reference level , thereby indicating that the 
subject has or is at risk of developing a cartilage matrix 
forming bone tumour and / or a metastatic cancer originating 
from a cartilage matrix - forming bone tumour , treating the 
cartilage matrix - forming bone tumour and / or the metastatic 
cancer originating from a cartilage matrix - forming bone 
tumour , for example by administering one or more thera 
peutic agents such as one or more of an inhibitor of RUNX2 
activity , an inhibitor of RUNX2 expression , an inhibitor of 
YBX1 activity and an inhibitor of YBX1 , or for example by 
curettage , resection and / or amputation . The reference level 
may , for example , the expression level of RUNX2 and / or 
YBX1 in normal cartilage or other biological material . 
[ 0088 ] The results of an assay that measures the expres 
sion level of at least one of RUNX2 and YBX1 in a subject 
may , for example , be obtained by or have been obtained by 
one of the methods described herein . For example , the 
results of an assay that measures the expression level of at 
least one of RUNX2 and YBX1 in a subject may , for 
example , be obtained by or have been obtained by ( i ) 
measuring the expression level of at least one of RUNX2 
and YBX1 in a biological sample obtained from the subject , 
and ( ii ) comparing the expression level of RUNX2 and / or 
YBX1 in the biological sample obtained from the subject 
with the respective expression level of RUNX2 and / or 
YBX1 in normal cartilage or other biological material . 
[ 0089 ] There is further provided herein methods for per 
forming an assay , the method comprising measuring the 
expression level of at least one of RUNX2 and YBX1 in a 
biological sample obtained from the subject . The method 
may further comprise comparing the expression level of 
RUNX2 and / or YBX1 in the biological sample obtained 
from the subject with the respective expression level of 
RUNX2 and / or YBX1 in normal cartilage or other biological 
material . 
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Formula ( I ) 
R1 

a 

-NR3 phy OH R2 

[ 0090 ] The following numbered paragraphs define par 
ticular embodiments of the present invention : 
[ 0091 ] 1. A method of treating a cartilage matrix - forming 
bone tumour and / or a metastatic cancer originating from 
a cartilage matrix - forming bone tumour , the method com 
prising administering one or more of an inhibitor of 
RUNX2 activity , an inhibitor of RUNX2 expression , an 
inhibitor of YBX1 activity and an inhibitor of YBX1 
expression , to a subject in need thereof . 

[ 0092 ] 2. A composition for use in a method of treating a 
cartilage matrix - forming bone tumour and / or a metastatic 
cancer originating from a cartilage matrix - forming bone 
tumour , wherein the composition comprises one or more 
of an inhibitor of RUNX2 activity , an inhibitor of RUNX2 
expression , an inhibitor of YBX1 activity and an inhibitor 
of YBX1 expression . 

[ 0093 ] 3. The method or composition for use of any 
preceding paragraph , wherein the cartilage matrix - form 
ing bone tumour is a cartilage matrix - forming bone can 

a 
1 wherein R , and R2 are each independently selected from 

hydrogen , a halogen , a haloalkyl , an alkyl , an alkylamide , a 
cycloalkylamide or an alkyamine ; 
Rz is H or alkyl ; and 
R4 is a bridged cycloalkenyl ring . 
[ 0101 ] 11. The method or composition for use of para 

graph 9 , wherein the compound of formula ( I ) is 3- ( N 
( 3,4 - dichlorophenyl ) carbamoyl ) -5 - norbornene - 2 - carbox 
ylic acid , also named 3 - { [ ( 3,4 - dichlorophenyl ) amino ] 
carbonyl } bicyclo [ 2.2.1 ] hept - 5 - ene - 2 - carboxylic acid , 
known as CADD522 , cer . 

NH 

HO 

[ 0094 ] 4. The method or composition for use of paragraph 
3 , wherein metastasis of the cartilage matrix - forming 
bone tumour is inhibited . 

[ 0095 ] 5. The method or composition for use of any 
preceding paragraph , wherein the cartilage matrix - form 
ing bone tumour overexpresses RUNX2 and / or YBX1 in 
comparison to normal cartilage or other biological mate 
rial . 

[ 0096 ] 6. The method or composition for use of any 
preceding paragraph , wherein the cartilage matrix - form 
ing bone tumour is chondrosarcoma . 

[ 0097 ] 7. The method or composition for use of any 
preceding paragraph , wherein the metastatic cancer is in 
the lung . 

[ 0098 ] 8. The method or composition for use of any 
preceding paragraph , wherein the inhibitor of RUNX2 
activity and / or the inhibitor of YBX1 activity inhibits 
binding of RUNX2 and / or YBX1 to DNA and / or mRNA ; 
for example wherein the inhibitor of RUNX2 activity 
inhibits binding of RUNX2 to DNA , for example specifi 
cally and / or selectively inhibits binding of RUNX2 to 
DNA , for example in the tumour cells ; for example 
wherein the inhibitor of RUNX2 activity inhibits binding 
of RUNX2 to mRNA , for example specifically and / or 
selectively inhibits binding of RUNX2 to mRNA , for 
example in the tumour cells ; for example wherein the 
inhibitor of YBX1 activity inhibits binding of YBX1 to 
DNA , for example specifically and / or selectively inhibits 
binding of YBX1 to DNA , for example in the tumour 
cells ; for example wherein the inhibitor of YBX1 activity 
inhibits binding of YBX1 to mRNA , for example specifi 
cally and / or selectively inhibits binding of YBX1 to 
mRNA , for example in the tumour cells . 

[ 0099 ] 9. The method or composition for use of any 
preceding paragraph , wherein the inhibitor of RUNX2 
activity and / or YBX1 activity inhibits interaction of 
YBX1 protein with RUNX2 transcripts and / or RUNX2 
protein . 

[ 0100 ] 10. The method or composition for use of any 
preceding paragraph , wherein the inhibitor of RUNX2 
activity or the inhibitor of RUNX2 expression is a com 
pound according to formula ( I ) or a pharmaceutically 
acceptable salt , ester or prodrug thereof , 

or a salt , ester or prodrug thereof . 
[ 0102 ] 12. The method or composition for use of any 
preceding paragraph , wherein the inhibitor of YBX1 
activity or the inhibitor of YBX1 expression is a small 
RNA molecule comprising a SCUBYC motif . 

[ 0103 ] 13. The method or composition for use of any 
preceding paragraph , wherein the inhibitor of YBX1 
activity or the inhibitor of YBX1 expression is a tRNA 
derived fragment ( TRF ) or analogue thereof , for example 
tRF - Gly - TCC or an analogue thereof . 

[ 0104 ] 14. The method or composition for use of any 
preceding paragraph , wherein the inhibitor of RUNX2 
expression and / or the inhibitor of YBX1 expression is a 
siRNA . 

[ 0105 ] 15. An in vitro method for detecting the presence of 
a cartilage matrix - forming bone tumour in a subject or the 
risk of a subject developing a cartilage matrix - forming 
bone tumour , the method comprising ( i ) measuring the 
expression level of at least one of RUNX2 and YBX1 in 
a biological sample obtained from a subject , and ( ii ) 
comparing the expression level of RUNX2 and / or YBX1 
in the biological sample obtained from the subject with 
the respective expression level of RUNX2 and / or YBX1 
in normal cartilage or other biological material , wherein 
a higher expression level of RUNX2 and / or YBX1 in the 
biological sample obtained from the subject compared to 
the respective expression level of RUNX2 and / or YBX1 
in the normal cartilage or other biological material indi 
cates the presence of or an increased risk of developing a 
cartilage matrix - forming bone tumour . 

[ 0106 ] 16. The method of paragraph 15 , wherein the 
expression level of RUNX2 in a biological sample 
obtained from a subject is measured . 

? 
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[ 0107 ] 17. The method of paragraph 15 or 16 , wherein the 
expression level of YBX1 in a biological sample obtained 
from a subject is measured . 

[ 0108 ] 18. The method of any one of paragraphs 15 to 17 , 
wherein the biological sample obtained from the subject 
was obtained from the subject’s bone tissue or cartilage 
tissue or tumour . 

[ 0109 ] 19. The method of any one of paragraphs 15 to 18 , 
wherein the expression level is determined by measuring 
the levels of protein and / or RNA , for example mRNA . 

[ 0110 ] 20. The method of any one of paragraphs 15 to 19 , 
wherein the subject is an animal , for example a human 
subject . 

[ 0111 ] 21. The method of any one of paragraphs 15 to 19 , 
wherein the cartilage matrix - forming bone tumour is a 
cartilage matrix - forming bone cancer . 

[ 0112 ] 22. The method of any one of paragraphs 15 to 21 , 
wherein the cartilage matrix - forming bone tumour is 
chondrosarcoma . 

[ 0113 ] 23. The method of any one of paragraphs 15 to 22 , 
wherein the method further comprises measuring the 
expression level of one or more tRF having a SCUBYC 
motif in the biological sample obtained from the subject 
and comparing with the respective expression level of the 
tRF having a SCUBYC motif in normal cartilage or other 
biological material , wherein a higher or lower expression 
level of tRF having a SCUBYC motif in the biological 
sample obtained from the subject compared to the respec 
tive expression level in a normal cartilage or other bio 
logical material indicates the presence of or an increased 
risk of developing a cartilage matrix - forming bone 
tumour . 

[ 0114 ] 24. The method of paragraph 23 , wherein the 
method comprises comparing the expression level of 
TRF - Gly - TCC in the biological sample obtained from the 
subject with the expression level of tRF - Gly - TCC in 
normal cartilage or other biological material . 

[ 0115 ] 25. The method of paragraph 23 or 24 , wherein the 
method further comprises comparing the expression level 
of tRF - Lys - TTT in the biological sample obtained from 
the subject with the expression level of tRF - Lys - TTT in 
normal cartilage or other biological material . 

[ 0116 ] 26. The method of any one of paragraphs 15 to 25 , 
wherein the method further comprises comparing the 
expression level of one or more of tRNA GlyTCC , tRNA 
LysTiT , miR - 140 , SOX9 , PTHLP , ANG , HDAC4 , and p53 
in the biological sample obtained from the patient with the 
respective expression level of tRNA GlyTCC , tRNA 
miR - 140 , SOX9 , PTHLP , ANG , HDAC4 , and p53 in 
normal cartilage or other biological material , wherein a 
higher expression level of one or more of tRNA GlyTCC , 
tRNALYSTTT , miR - 140 , HDAC4 , and p53 in the biological 
sample obtained from the subject compared to the respec 
tive expression level in normal cartilage or other biologi 
cal material indicates the presence of or an increased risk 
of developing a cartilage matrix - forming bone tumour , 
and a lower expression level of one or more of SOX9 , 
PTHLP , HDAC4 , and ANG in the biological sample 
obtained from the subject compared to the expression 
level in a normal cartilage or other biological material 
indicates the presence of or an increased risk of develop 
ing a cartilage matrix - forming bone tumour . 

[ 0117 ] 27. The method of paragraph 26 , wherein the 
method comprises comparing the expression level of two , 

three , four , five , six , seven or eight of tRNA GlyTCC , 
tRNALYSTTT , miR - 140 , SOX9 , PTHLP , ANG , HDAC4 , 
and p53 in the biological sample obtained from the patient 
with the respective expression level of tRNA GlyTCC , 
tRNAL_SITT , miR - 140 , SOX9 , PTHLP , ANG , HDAC4 , 
and p53 in normal cartilage or other biological material . 

[ 0118 ] 28. The method of paragraph 26 or 27 , wherein the 
method comprises comparing the expression level of 
PTHLP in the biological sample obtained from the patient 
with the expression level of PTHLP in normal cartilage or 
other biological material . 

[ 0119 ] 29. An in vitro method for determining the prog 
nosis of a subject having a cartilage matrix - forming bone 
tumour , the method comprising ( i ) measuring the expres 
sion level of at least one of RUNX2 and YBX1 in a 
biological sample obtained from the subject , and ( ii ) 
comparing the expression level of RUNX2 and / or YBX1 
in the biological sample obtained from the subject with 
the respective expression level of RUNX2 and / or YBX1 
in normal cartilage or other biological material , wherein 
the subject's prognosis decreases with increasing expres 
sion level of RUNX2 and / or YBX1 in the biological 
sample obtained from the subject . 

[ 0120 ] 30. The method of paragraph 29 , wherein a level in 
the biological sample obtained from the subject that is up 
to about 1.5 times the level in the normal cartilage or other 
biological material indicates a low grade tumour , a level 
from about 10 to about 15 times the level in the normal 
cartilage or other biological material indicates an inter 
mediate grade tumour , and / or a level of about 16 or more 
times greater than the level in the normal cartilage or other 
biological material indicates a high grade tumour . 

[ 0121 ] 31. The method of paragraph 29 or 30 , wherein the 
expression level of RUNX2 in a biological sample 
obtained from a subject is measured . 

[ 0122 ] 32. The method of any one of paragraphs 39 to 31 , 
wherein the expression level of YBX1 in a biological 
sample obtained from a subject is measured . 

[ 0123 ] 33. The method of any one of paragraphs 29 to 32 , 
wherein the biological sample obtained from the subject 
was obtained from the primary tumour . 

[ 0124 ] 34. The method of any one of paragraphs 29 to 33 , 
wherein the expression level is determined by measuring 
the levels of protein and / or RNA , for example mRNA . 

[ 0125 ] 35. The method of any one of paragraphs 29 to 34 , 
wherein the subject is an animal , for example a human 
subject . 

[ 0126 ] 36. The method of any one of paragraphs 29 to 35 , 
wherein the cartilage matrix - forming bone tumour is a 
cartilage matrix - forming bone cancer . 

[ 0127 ] 37. The method of paragraph 36 , wherein the 
cartilage matrix - forming bone cancer is chondrosarcoma . 

[ 0128 ] 38. The method of any one of paragraphs 29 to 37 , 
wherein the method further comprises measuring the 
expression level of one or more tRF having a SCUBYC 
motif in the biological sample obtained from the subject 
and comparing with the respective expression level of the 
tRF having a SCUBYC motif in normal cartilage or other 
biological material , wherein the subject's prognosis 
decreases with increasing or decreasing expression level 
of the one or more tRF in the biological sample obtained 
from the subject . 

[ 0129 ] 39. The method of paragraph 38 , wherein the 
method comprises comparing the expression level of 

LysTTT , 

2 
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TRF - Gly - TCC in the biological sample obtained from the 
subject with the expression level of tRF - Gly - TCC in 
normal cartilage or other biological material . 

[ 0130 ] 40. The method of paragraph 38 or 39 , wherein the 
method further comprises comparing the expression level 
of tRF - Lys - TTT in the biological sample obtained from 
the subject with the expression level of tRF - Lys - TTT in 
normal cartilage or other biological material . 

[ 0131 ] 41. The method of any one of paragraphs 29 to 40 , 
wherein the method further comprises comparing the 
expression level of one or more of tRNA GlyTCC , tRNA 
LysTTT , miR - 140 , SOX9 , PTHLP , ANG , HDAC4 , and p53 
in the biological sample obtained from the patient with the 
respective expression level of tRNA GlyTCC , tRNALYSTTT , 
miR - 140 , SOX9 , PTHLP , ANG , HDAC4 , and p53 in 
normal cartilage or other biological material , wherein the 
subject's prognosis decreases with increasing expression 
level tRNA GlyTxx , tRNALYSTTT , miR - 140 , HDAC4 , and 
p53 in the biological sample obtained from the subject or 
decreasing expression level of SOX9 , PTHLP , HDACH , 
and ANG in the biological sample obtained from the 
subject . 

[ 0132 ] 42. The method of paragraph 41 , wherein the 
method comprises comparing the expression level of two , 
three , four , five , six , seven or eight of tRNA GlyTCC , 
tRNALYSTTT , miR - 140 , SOX9 , PTHLP , ANG , HDACH , 
and p53 in the biological sample obtained from the patient 
with the respective expression level in normal cartilage or 
other biological material . 

[ 0133 ] 43. The method of paragraph 41 or 42 , wherein the 
method comprises comparing the expression level of 
PTHLP in the biological sample obtained from the patient 
with the expression level of PTHLP in normal cartilage or 
other biological material . 

[ 0134 ] 44. A method of treating a cartilage matrix - forming 
bone tumour and / or a metastatic cancer originating from 
a cartilage matrix - forming bone tumour in a subject , the 
method comprising obtaining or receiving the results of 
an assay that measures the expression level of at least one 
of RUNX2 and YBX1 in a subject and , if the level of 
RUNX2 and / or YBX1 is higher than a reference level , 
thereby indicating that the subject has or is at risk of 
developing a cartilage matrix - forming bone tumour and / 
or a metastatic cancer originating from a cartilage matrix 
forming bone tumour , treating the cartilage matrix - form 
ing bone tumour and / or the metastatic cancer originating 
from a cartilage matrix - forming bone tumour . 

[ 0135 ] The invention will now be described in detail by 
way of reference only to the following non - limiting 
examples . 

58-93 ) who underwent surgery at the Norfolk and Norwich 
University Hospital following a neck of femur fracture . 
Cartilage matrix was collected following surgery . Exclusion 
criteria for control samples was the presence of inflamma 
tory or autoimmune disease . The FMH Research Ethics 
Committee approved the collection and study of patient 
material ( reference 2013 / 2014-22 HT ) . All individuals pro 
vided written informed consent to donate tissue to this study . 
[ 0139 ] Cell Culture 
[ 0140 ] SW1353 ( chondrosarcoma ) cells were cultured in 
1 : 1 DMEM / F - 12 Supplement ( Thermo Fisher Scientific ) 
containing 10 % ( volume / volume ) fetal bovine serum 
( Sigma Aldrich ) . Cells were fed with culture medium every 
other day and maintained at 37 ° C. in a hypoxic atmosphere 
of 5 % CO2 . Cells were obtained from ATCC and authenti 
cated by STR profiling . Cells were regularly monitored for 
Mycoplasma infection by PCR . Phenotypic checks for inter 
leukin 1 response ensured cell phenotype was maintained . 
[ 0141 ] For the experiment reported in FIG . 8 ( b ) the cul 
ture medium additionally contained 1 % ( v / v ) penicillin 
streptomycin . 
[ 0142 ] Next Generation Sequencing 
[ 0143 ] Tissue samples were homogenised under liquid 
nitrogen conditions using the BioPulverisor ( BioSpec ) . Total 
RNA was extracted using the miRCURY RNA isolation kit 
( Exiqon ) according to manufacturer's instructions . RNA 
concentration and integrity was measured on the NanoDrop 
8000 Spectrophotometer ( Thermo Fisher Scientific ) and 
visually assessed by agarose gel electrophoresis with 
ethidium bromide staining . RNA was stored at -80 ° C. All 
19 libraries were constructed using 1 ug of RNA that was 
ligated to 3 ' and 5 ' HD adapters ( Xu , P. et al . An improved 
protocol for small RNA library construction using high 
definition adapters . Methods in Next Generation Sequencing 
2 , 1-10 ( 2015 ) , the contents of which are incorporated herein 
by reference ) . Ligated RNA products were reverse tran 
scribed to cDNA and amplified by PCR . The cDNA products 
expected to contain 19-33 base pair inserts were purified by 
8 % polyacrylamide gel electrophoresis and ethanol precipi 
tation . We performed 50 bp single end sequencing on the 
HiSeq 2500 Ultra High Throughput Sequencing System 
( Illumina ) . 
[ 0144 ) Bioinformatics 
[ 0145 ] Raw fastq files were converted to fasta format . 
Reads containing unassigned nucleotides were excluded . 
The 3 ' adapter was trimmed using perfect sequence match to 
the first 8 nucleotides of the 3 ' HiSeq 2500 adapter ( TG 
GAATTC ) . The HD signatures ( four assigned nucleotides at 
the ligating ends ) of the reads were also trimmed ( Beckers , 
M. L. et al . Comprehensive processing of high throughput 
small RNA sequencing data including quality checking , 
normalization and differential expression analysis using the 
UEA SRNA Workbench . Rna ( 2017 ) , the contents of which 
are incorporated herein by reference ) . Reads longer than 17 
nt were kept for further analysis . Reads with low sequence 
complexity , i.e. with an overrepresentation of one nucleotide 
for more than 60 % of the sequence length , were excluded . 
As part of the quality check the size class distributions for 
redundant reads , i.e. total reads ( with their abundance ) and 
non - redundant reads , i.e. unique reads ( with their abun 
dance ) , were plotted side by side with the complexity , which 
is defined as the ratio of non - redundant to redundant reads 
( Mohorianu , I. et al . Profiling of short RNAs during fleshy 
fruit development reveals stage - specific sRNAome expres 

a 

EXAMPLES 

[ 0136 ] Materials and Methods 
[ 0137 ] Patient Samples 
[ 0138 ] This study included 13 chondrosarcoma patients 
( ages 27-75 ) who underwent surgery at The Royal Ortho 
paedic Hospital , Birmingham , from 2014 to 2016. Primary 
tumours were collected following surgery with gross pathol 
ogy and grade determined at the time of removal . We used 
the WHO guidelines to classify grade one conventional 
chondrosarcoma as “ low grade ” . Grade two conventional 
chondrosarcoma was classified as “ intermediate grade ” . 
Dedifferentiated chondrosarcoma was classified as " high 
grade ” . This study also included 6 control patients ( ages 
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TABLE 1- continued 

Sequence 
type SRNA Sequence ( 5 ' - 3 ' ) 

TRF - Gly - TCC RNA mimic GCGUUGGUGGUAUAGUGGUGAG 
CAUAGCUGCC 

tRF - Lys- TTT RNA mimic GCCCGGAUAGCUCAGUCGGUAG 
AGCAUCAGACU 

tRF - Asn - GTT RNA mimic UUGGUGGUUCGAGCCCACCCAG 
GGACG 

TRF - Gly - TCC LNA inhibitor TATGCTCACCACTATACCAC 

TRF - LYS - TTT LNA inhibitor CTCTACCGACTGAGCTATCC 

tRF - Asn - GTT LNA inhibitor GTGGGCTCGAACCACCAA 

miR - 140-3p LNA mimic TACCACAGGGTAGAACCACGG 

miR - 320a LNA mimic AAAAGCTGGGTTGAGAGGGCGA 

miR - 486-5p LNA mimic TCCTGTACTGAGCTGCCCCGAG 

miR - 140-3p LNA inhibitor CGTGGTTCTACCCTGTGGT 

miR - 320a LNA inhibitor CGCCCTCTCAACCCAGCTTT 

miR - 486-5p LNA inhibitor TCGGGGCAGCTCAGTACAG 

sion patterns . Plant J 67 , 232-46 ( 2011 ) , the contents of 
which are incorporated herein by reference ) . SRNAs were 
mapped full length with no gaps or mismatches allowed to 
the human genome ( v.38 ) and corresponding annotations 
using PatMan ( Prufer , K. et al . PatMaN : rapid alignment of 
short sequences to large databases . Bioinformatics 24 , 
1530-1 ( 2008 ) , the contents of which are incorporated herein 
by reference ) . The latest set of human miRNAs was down 
loaded from miRBase v.21 ( Kozomara , A. & Griffiths - Jones , 
S. miRBase : annotating high confidence microRNAs using 
deep sequencing data . Nucleic Acids Res 42 , D68-73 ( 2014 ) , 
the contents of which are incorporated herein by reference ) . 
SRNA expression levels were normalised using a scaling 
approach , reads per total , to a fixed total of 10 million reads 
( Mortazavi , A. , Williams , B. A. , McCue , K. , Schaeffer , L. & 
Wold , B. Mapping and quantifying mammalian transcrip 
tomes by RNA - Seq . Nat Methods 5 , 621-8 ( 2008 ) , the 
contents of which are incorporated herein by reference ) . 
Differentially expressed reads were identified using both the 
localisation of maximal expression intervals for the control 
versus cancer comparisons and pairwise comparisons using 
offset fold change with an empirically determined offset of 
20 ( Mohorianu , I. et al . Profiling of short RNAs during 
fleshy fruit development reveals stage - specific sRNAome 
expression patterns . Plant J 67 , 232-46 ( 2011 ) and Mohori 
anu , I. , Stocks , M. B. , Wood , J. , Dalmay , T. & Moulton , V. 
CoLide : a bioinformatics tool for CO - expression - based 
small RNA Loci Identification using high - throughput 
sequencing data . RNA Biol 10 , 1221-30 ( 2013 ) , the contents 
of which are incorporated herein by reference ) . 
[ 0146 ] Northern Blot 
[ 0147 ] We loaded 1 ug of RNA mixed with Ambion gel 
loading buffer II ( Thermo Fisher Scientific ) to a 16 % poly 
acrylamide gel with urea . The gel was run at 120 V for 2 
hours in 0.5xTBE . We transferred the RNA to a Hybond - NX 
( GE Healthcare ) membrane using semidry transfer condi 
tions at 250 mA for 45 minutes . We crosslinked the RNA to 
the membrane by adding 5 mL crosslinking solution 
adjusted to pH 8 ( 12 mL water , 122.5 mL 12.5 M 1 - meth 
ylimidazole , 10 mL 1 M hydrochloric acid and 0.373 g of 
1 - ethyl - 3- ( 3 - dimethylaminopropyl ) carbodiimide ) and incu 
bating at 60 ° C. for 1 hour in saran wrap . For each sRNA we 
pre - hybridised the membrane with ultra - hyb - oligo buffer 
( Thermo Fisher Scientific ) at 37 ° C. for 1 hour . We then 
incubated a mixture of 10 uL water , 4 uL 5x polynucleotide 
kinase forward buffer ( New England Biolabs ) , 2 UL 10 mM 
DNA antisense oligonucleotide , 1 uL T4 polynucleotide 
kinase ( New England Biolabs ) and 3 uL Y - ATP at 37 ° C. for 
1 hour . We incubated the membrane in this buffer rotating 
overnight at 37 ° C. and then washed it three times in 
0.2XSSC , 0.1 % SDS before exposing it on a phosphorim 
aging screen in a radioactive cassette ( Fujifilm ) followed by 
imaging on the FX Pro Plus molecular imager ( Bio - Rad ) . 
The same membrane was re - probed using antisense DNA 
oligonucleotides ( Sigma Aldrich ) which were generated 
using the sequences shown in Table 1 below . We used U6 as 
a loading control . 

[ 0148 ] Western Blot 
[ 0149 ] Protein was extracted with M - PER and T - PER 
( Pierce ) for 30 minutes on ice in the presence of HALT 
protease inhibitor cocktail ( Pierce ) . Samples were clarified 
by centrifugation ( 10,600xg for 10 minutes ) . Using the 
supernatant , protein concentrations were determined using 
the BCA protein assay kit ( Pierce ) according to the manu 
facturer's protocols . Equal amount of proteins were sepa 
rated on 4-12 % SDS - PAGE gradient gels . Gels were ana 
lysed by blotting onto immobilon PVDF ( Millipore ) 
membranes using antibodies to YBX1 ( Abcam ) . Antibodies 
were produced in rabbits immunised with a synthetic peptide 
conjugated to KLH derived from residues 1-100 of human 
YBX1 as previously described ( Eliscovich , C. , Shenoy , S. 
M. & Singer , R. H. Imaging mRNA and protein interactions 
within neurons . Proc Natl Acad Sci USA 114 , E1875 - e1884 
( 2017 ) , the contents of which are incorporated herein by 
reference ) . Primary antibodies were detected using IRDye 
labelled secondary antibodies ( Li - Cor Biosciences ) at 1:10 , 
000 dilution . YBX1 was visualised using the CLx infrared 
imaging system ( Odyssey ) . 
[ 0150 ) Tumour Sphere Assay 
[ 0151 ] Tumour spheres were constructed as previously 
described ( Greco , K. V. et al . High density micromass 
cultures of a human chondrocyte cell line : a reliable assay 
system to reveal the modulatory functions of pharmacologi 
cal agents . Biochem Pharmacol 82 , 1919-29 ( 2011 ) , the 
contents of which are incorporated herein by reference ) . 
Briefly , 80 % confluent monolayer cell cultures were 
released by trypsin - EDTA and resuspended in growth 
medium at a density of 4.1x104 cells / mL . Tumour spheres 
were achieved by pipetting 20 uL of cell suspension into 
individual wells of 24 well plates . Following a 3 hour 
intermolecular cohesion period 500 uL of growth medium 

a 

TABLE 1 

Sequence 
type SRNA Sequence ( 5 ' - 3 ' ) 

RNA mimic GAUGGCAUUCGUCAGUUCUA Negative 
control 1 

LNA inhibitor TAACACGTCTATACGCCCA Negative 
control 2 
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was gently added . Cultures formed three dimensional 
spheres over the next 24 hours . 
[ 0152 ] LNA and RNA Transfection 
[ 0153 ] Once tumour spheres had formed , tRF mimics 
( RNA ) , tRF inhibitors ( LNA ) , miRNA mimics ( LNA ) and 
miRNA inhibitors ( LNA ) ( Exiqon ) were transfected using 
Lipofectamine 3000 ( Thermo Fisher Scientific ) in reduced 
serum media ( Thermo Fisher Scientific ) for a final concen 
tration of 50 nM consisting of equal parts of each mimic or 
inhibitor ( sequences in Table 1 above ) . Confirmation of cell 
entry at 50 nM concentration was determined after perform 
ing the transfection with FAM labelled sequences . After 6 
hours of incubation reduced serum media containing mimics 
or inhibitors was replaced with fresh growth media . Tumour 
spheres were subjected to histology , fluorescence micros 
copy and transcriptional profiling 48 hours later . Transfec 
tions were performed in triplicate in 3 independent experi 
ments . 

[ 0154 ] Histology and Fluorescence Microscopy 
[ 0155 ] Tumour spheres were fixed in 3.7 % formaldehyde 
and treated with 0.2 % Triton - X 100. Nuclear 4 ' , 6 - diami 
dino - 2 - phenylindole ( DAPI ) and Texas Red - X Phalloidin 
( F - actin ) staining were imaged using a Zeiss Axiovert 200M 
microscope with an Axiocam MRm CCD camera under the 
control of AxioVision software . DAPI fluorescence was 
excited at 365 nm and emission collected between 420 and 
470 nm . Texas Red - X Phalloidin fluorescence was excited at 
558 nm and emission collected through a 615 nm LP filter . 
Nuclear DAPI staining was segmented with the number and 
size of the nuclei quantified using Imaged . 
( 0156 ] Transcriptional Profiling 
[ 0157 ] We used qPCR as previously described ( Fricke , C. , 
Green , D. , Smith , D. , Dalmay , T. & Chapman , T. MicroR 
NAs influence reproductive responses by females to male 
sex peptide in Drosophila melanogaster . Genetics 198 , 
1603-19 ( 2014 ) , the contents of which are incorporated 
herein by reference ) . Due to a limited amount of RNA , 
qPCR was performed on pools of control tissue , low grade , 
intermediate grade and high grade tumours . We also 
extracted and pooled RNA from 6 replicates of tumour 
spheres treated with a tRF - Gly - TCC mimic . We used 
Taqman gene expression assays for SOX9 , HDAC4 , 
RUNX2 , PTHLH , YBX1 , ANG , IHH and TP53 ( Thermo 
Fisher Scientific ) following the manufacturer's protocol . We 
used ACTB as a reference to normalise gene expression . 
QPCR was performed in a final volume of 10 uL using a 
7500 Fast Real Time PCR instrument ( Applied Biosystems ) 
under the following cycling conditions : 95 ° C. for 20 
seconds , 40 cycles at 95 ° C. for 3 seconds and 60 ° C. for 30 
seconds . PCR was performed in triplicate and data is 
shown as mean : SEM . 
[ 0158 ] Statistical Analysis 
[ 0159 ] Evaluation of variability between sequencing 
libraries was conducted using scatter plots , size - split box 
plots of the replicate - to - replicate differential expression , 
intersection and Jaccard similarity analyses ( Mohorianu , I. 
et al . Profiling of short RNAs during fleshy fruit develop 
ment reveals stage - specific sRNAome expression patterns . 
Plant J 67 , 232-46 ( 2011 ) , the contents of which are 
incorporated herein by reference ) . The empirical differential 
expression analysis was confirmed by parametric ( t - tests ) 
and non - parametric ( Mann - Whiney - U ) tests . For the statis 
tical tests we considered p < 0.05 as statistically significant . 
Analysis was conducted using Perl v5.22 and R v3.4.3 . 

[ 0160 ] Small Molecule Treatment 
[ 0161 ] Growth media on chondrosarcoma tumour spheres 
was replaced with fresh media containing 0.1 % DMSO 
( control 1 ) , fresh media containing 0.2 % DMSO ( control 2 ) , 
fresh media containing 50 uM small molecule 3- ( N- ( 3,4 
dichlorophenyl ) carbamoyl ) -5 - norbornene - 2 - carboxylic 
acid , also named 3 - { [ ( 3,4 - dichlorophenyl ) amino ] 
carbonyl } bicyclo [ 2.2.1 ] hept - 5 - ene - 2 - carboxylic acid , 
known as CADD522 , fresh media containing 100 uM small 
molecule ( CADD522 ) . Tumour spheres were incubated in 
this media for 72 hours . We fixed tumour spheres in 3.7 % 
formaldehyde plus 0.2 % Triton - X 100. We visualised DAPI 
staining using an Axiovert 200M microscope ( Zeiss ) with an 
Axiocam MRm CCD camera ( Zeiss ) under the control of 
Axio Vision software . DAPI fluorescence was excited at 365 
nm and emission collected between 420 and 470 nm . 
Nuclear DAPI staining was segmented with the number of 
the nuclei quantified using ImageJ . Experiment was per 
formed in triplicate to achieve mean cell nuclei . Statistical 
significance ( * p = < 0.002 and ** p = < 0.005 ) was calculated 
using an unpaired t test with Prism 6 . 
[ 0162 ] Results 
[ 0163 ] SRNA Expression is Modulated During Chondro 
sarcoma Progression 
[ 0164 ] Sequencing reads matching to the human genome 
were normalised using the reads per million approach at 10 
million reads per library . Matching against the human 
genome ( v.38 ) revealed a bimodal size class distribution for 
the redundant reads with peaks at 22 and 32 nt . Further 
alignment against available annotations revealed these peaks 
correspond to miRNAs and tRFs . The presence of a small 
number of reads with high abundances is also supported by 
local minimums at 22 and 30-33 nt in the complexity 
distributions . As with all human studies there was variability 
in samples ( when compared to inbred genetic models such 
as mice and fruit flies where variability is minimal ) meaning 
differential expression was conducted using both a confi 
dence interval approach and pairwise comparisons of nor 
malised expression levels using offset fold change ( Moho 
rianu , I. , Stocks , M. B. , Wood , J. , Dalmay , T. & Moulton , V. 
CoLlde : a bioinformatics tool for CO - expression - based 
small RNA Loci Identification using high - throughput 
sequencing data . RNA Biol 10 , 1221-30 ( 2013 ) , the contents 
of which are incorporated herein by reference ) . We found a 
significant differential expression , by at least four - fold , of 30 
tRFs and 37 miRNAs during chondrosarcoma progression . 
We selected tRF - Gly - TCC , TRF - Lys - TTT , TRF - Asn - GTT 
( FIG . 1A ) , miR - 140 , miR - 320a and miR - 486 for further 
analysis based on their expression level and relevance to 
sarcoma ( Green , D. , Dalmay , T. & Fraser , W. D. Role of 
miR - 140 in embryonic bone development and cancer . Clin 
Sci ( Lond ) 129 , 863-73 ( 2015 ) , Green , D. , Fraser , W. D. & 
Dalmay , T. Transfer RNA - derived small RNAs in the cancer 
transcriptome . Pflugers Arch ( 2016 ) , Namlos , H. M. et al . 
Modulation of the osteosarcoma expression phenotype by 
microRNAs . PLoS One 7 , e48086 ( 2012 ) , the contents of 
which are incorporated herein by reference ) . Sequence 
analysis of the tRFs revealed tRF - Gly - TCC contained a 
SCUBYC sequence motif at the 3 ' end ( FIG . 1B ) . This motif 
is known to interact with YBX1 ( FIG . 10 ) ( Goodarzi , H. et 
al . Endogenous tRNA - Derived Fragments Suppress Breast 
Cancer Progression via YBX1 Displacement . Cell 161 , 
790-802 ( 2015 ) , the contents of which are incorporated 
herein by reference ) . Normalised count read matrix showed 

2 



US 2022/0065865 A1 Mar. 3 , 2022 
15 

that expression of tRF - Gly - TCC was steadily reduced in 
chondrosarcoma progression ( FIG . 1D ) . 
[ 0165 ] Expression of TRNAGYTCC , TRF - Gly - TCC , RNA 
LysTTT , RF - Lys - TTT and miR - 140 is modulated during 
chondrosarcoma progression 
[ 0166 ] TRNAs and tRFs comprise different size classes . 
We carried out molecular validation of bioinformatics output 
by northern blot consisting of sample pools . For each 
selected tRNA and sRNA we observed negligible expression 
in control tissues except for tRF - Gly - TCC , which was 
visibly expressed ( FIG . 2A - E ) . In low grade tumours 
tRNAGYTCC , RF - Gly - TCC , TRNALYSTTT and RF - Lys - TTT 
were expressed ( FIG . 2A - D ) . In intermediate grade tumours 
TRF - Gly - TCC and RF - Lys - TTT were expressed ( FIG . 
2B & D ) . In high grade tumours tRF - Gly - TCC expression 
was reduced compared to low and intermediate grade 
tumours ( FIG . 2B ) . In high grade tumours full length 
tRNALYSTTT , TRF - Lys - TTT and miR - 140 were highly 
expressed ( FIG . 2C - E ) . Consistent with their role in hypoxic 
stress response and breast cancer progression we find spe 
cific tRNAs and tRFs have a modulated expression in 
chondrosarcoma progression . 
[ 0167 ] MiR - 140 , a Key Driver of Embryonic Bone Devel 
opment , is Highly Expressed in High Grade Chondrosar 
coma 

[ 0168 ] We found that miR - 140 is highly expressed in high 
grade chondrosarcoma ( FIG . 2E ) . We show a higher expres 
sion of miR - 140 compared to controls , low grade and 
intermediate grade chondrosarcoma , suggesting restoration 
of miR - 140 - HDAC4 - RUNX2 embryonic bone development 
signalling is associated with high grade chondrosarcoma . 
[ 0169 ] YBX1 is Upregulated in Chondrosarcoma 
[ 0170 ] As sequence analysis of tRF - Gly - TCC revealed a 
YBX1 recognition motif , tRF - Gly - TCC expression is 
attenuated from low grade to high grade and YBX1 can be 
oncogenic , we postulated that YBX1 is involved in regulat 
ing chondrosarcoma progression . We performed western 
blots to show a 47 kDa and a 30 kDa variant of YBX1 is 
expressed in a chondrosarcoma cell line ( FIG . 2H ) . A 27 kDa 
variant of YBX1 is highly expressed in primary tumours 
when compared to control ( FIG . 21 ) . 
[ 0171 ] Ectopic Expression of tRF - Gly - TCC Causes Pro 
gression Arrest in Tumour Spheres 
[ 0172 ] We hypothesised that remodulating the plasticity of 
tRF and miRNA expression would have an effect on cellular / 
tumour phenotypes . Tumour spheres have emerged as prom 
ising experimental tools that reflect the natural state of 
cancer tissues better than traditional cell culture or non 
human animal models ( Shroyer , N. F. Tumor Organoids Fill 
the Niche . Cell Stem Cell 18 , 686-7 ( 2016 ) , the contents of 
which are incorporated herein by reference ) . Tumour 
spheres are a biologically relevant system that will enable 
the discovery of novel therapeutics . We generated chondro 
sarcoma tumour spheres , induced overexpression and inhi 
bition of tRF - Gly - TCC , TRF - Lys - TTT , TRF - Asn - GTT , miR 
140 , miR - 320a and miR - 496 using antisense locked nucleic 
acid ( LNA ) inhibitors and RNA mimics analogous to each 
SRNA . Nuclear and F - actin histology combined with 
inverted microscopy showed no major phenotypic effect 
except for the tRF - Gly - TCC mimic ( FIG . 3E ) . Though each 
mimic and inhibitor likely had an effect on gene expression , 
tumour spheres treated with the tRF - Gly - TCC mimic dis 
played a phenotype containing a low cancer cell number , 
shrunken nuclei and visible changes to morphology ( FIG . 

3R & T ) . Brightfield imaging identified both a reduced cell 
number and smaller cell size in colonies treated with a 
TRF - Gly - TCC mimic ( FIG . 3T ) . The most significant change 
was a condensation of the nuclear DNA and a decrease in 
nuclear size shown by fluorescent staining of the DNA ( FIG . 
3R ) . Image analysis showed a more than two - fold decrease 
in nuclear area of tumour spheres treated with a tRF - Gly 
TCC mimic ( 215 + 16.8 um ?, n = 47 nuclei ) compared to 
untreated tumour spheres ( 488-12.4 um ?, n = 230 nuclei ) 
( FIG . 3Q & S ) . 
[ 0173 ] Transcriptional Profiling Shows Tumour Spheres 
Treated with a tRF - Gly - TCC Mimic Alter their Gene 
Expression when Compared to Primary Tumours 
[ 0174 ] In order to generate a molecular picture of clonal 
evolution , we performed a review of the literature to create 
a functional interaction map of the transcripts involved 
( FIG . 4 ) . We selected several candidate genes from the map 
to investigate gene expression across primary tumours to use 
as a reference to compare the treated tumour spheres in order 
to gain insight of the observed phenotypic effects at a 
molecular level . SRY - box 9 ( SOX9 ) is a chondrocyte dif 
ferentiation marker . We found SOXI expression in control 
tissue but reduced expression in all tumour grades and 
remains at a reduced expression with the tRF - Gly - TCC 
mimic when compared to control ( FIG . 5A ) . Histone 
deacetylase 4 ( HDAC4 ) is a negative regulator of gene 
expression via modification of chromatin structure . We 
found HDAC4 has a lower expression in low and interme 
diate grade tumours when compared to controls ( FIG . 5B ) . 
HDAC4 expression increases in high grade tumours and 
increases further in tumour spheres treated with a RF - Gly 
TCC mimic ( FIG . 5B ) . Runt related transcription factor 2 
( RUNX2 ) is an embryonic regulator of primitive bone cell 
proliferation and migration . We found RUNX2 steadily 
increases in expression throughout chondrosarcoma pro 
gression , reaching a forty - fold higher expression in high 
grade tumours when compared to controls ( FIG . 5C ) . 
RUNX2 expression is reduced to the same level of expres 
sion as control tissue when tumour spheres are treated with 
the tRF - Gly - TCC mimic ( FIG . 5C ) . Parathyroid hormone 
like protein ( PTHLP or PTHP ) is a marker of immature 
chondrocytes and propagates the secondary ossification cen 
tre . We found PTHLP is expressed in control tissue , has a 
reduced expression in low grade tumours with a gradual 
increase in expression throughout chondrosarcoma progres 
sion ( FIG . 5D ) . Expression of PTHLP is lost in the tumour 
spheres treated with a tRF - Gly - TCC mimic ( FIG . 5D ) . 
[ 0175 ] ANG is responsible for cellular hypoxic stress 
response , angiogenesis and production of some tRFs . We 
found ANG has a reduced expression in low and high 
tumour grades , in intermediate grade it is expressed simi 
larly to control levels ( FIG . 5E ) . This pattern of ANG 
expression is consistent with tRF - Gly - TCC production . 
Indian hedgehog ( IHH ) is involved in chondrocyte differ 
entiation , maturation and proliferation . We found IHH 
expression is similar to that of ANG where there is a 
reduction of expression across tumour grades except for 
intermediate grade tumours where expression exceeds that 
of control tissues ( FIG . 5F ) . In both ANG and IHH , expres 
sion is greatly reduced in tumour spheres treated with a 
TRF - Gly - TCC mimic ( FIG . 5E & F ) . YBX1 , the RNA binding 
protein , increases in expression throughout chondrosarcoma 
progression ( FIG . 5G ) . Tumour spheres treated with tRF 
Gly - TCC show increased expression of YBX1 ( FIG . 5G ) . 
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Tumour protein p53 ( TP53 ) is the most well - known tumour 
suppressor protein where its master role is to regulate 
senescence and apoptosis . TP53 gradually increases in 
expression throughout chondrosarcoma progression , peak 
ing in intermediate grade tumours and reducing slightly in 
high grade tumours ( FIG . 5H ) . TP53 expression reduces to 
be consistent with control tissues in tumour spheres treated 
with a tRF - Gly - TCC mimic ( FIG . 5H ) . 
[ 0176 ] Inhibition of RUNX2 Binding to DNA in Bone 3D 
Tumour Spheres Using the Small Molecule ( Formula ( 1 ) 
Leads to a Significant Reduction of Cancer Cell Number 
Compared to Controls 
( 0177 ] The results of treatment of bone 3D tumour spheres 
using 3- ( N- ( 3,4 - dichlorophenyl ) carbamoyl ) -5 - norbornene 
2 - carboxylic acid , also named 3 - { [ ( 3,4 - dichlorophenyl ) 
amino ] carbonyl } bicyclo [ 2.2.1 ] hept - 5 - ene - 2 - carboxylic 
acid , known as CADD522 , a small molecule representative 
or prototypic of formula ( I ) , at treatment concentrations of 
50 uM and 100 uM small molecule are shown in FIG . 8 ( b ) , 
against two controls . As was shown in FIG . 5 ( C ) ( reproduced 
as FIG . 8 ( a ) for comparison ) , downregulation of RUNX2 
using an RNA inhibitor reduces RUNX2 expression to 
control levels . FIG . 8 ( b ) shows that inhibition of RUNX2 
binding to DNA in bone 3D tumour spheres using the small 
molecule of formula ( 1 ) leads to a significant reduction of 
cancer cell number compared to controls ( two biological 
replicate controls ) . Statistical significance ( * p = < 0.002 and 
** p = < 0.005 ) was calculated using an unpaired t test with 
Prism 6 ( GraphPad ) software . The treatment at 50 uM 
CADD522 reduced the cancer cell number to about 70 % in 
comparison with Control 1 and the treatment at 100 uM 
CADD522 reduced the cancer cell number to about 30 % in 
comparison with Control 1. The 50 % cell count mark in 
comparison with Control 1 is indicated on FIG . 8 ( b ) . 

a 

Dalmay , T. New evidence supports a role of MiR - 140 at 
early stages of bone development . Arthritis Rheum ( 2013 ) , 
the contents of which are incorporated herein by reference ) . 
MiR - 140 negatively regulates HDAC4 , which leads to the 
increase in expression of RUNX2 ( Green , D. , Dalmay , T. & 
Fraser , W. D. Role of miR - 140 in embryonic bone devel 
opment and cancer . Clin Sci ( Lond ) 129 , 863-73 ( 2015 ) , 
Tuddenham , L. et al . The cartilage specific microRNA - 140 
targets histone deacetylase 4 in mouse cells . FEBS Lett 580 , 
4214-7 ( 2006 ) , Nicolas , F. E. & Dalmay , T. New evidence 
supports a role of MiR - 140 at early stages of bone devel 
opment . Arthritis Rheum ( 2013 ) , the contents of which are 
incorporated herein by reference ) . In the present study , we 
find RUNX2 is expressed forty - fold higher in high grade 
tumours when compared to controls . It has been shown 
miR - 320a targets RUNX2 for silencing , which inhibits 
immature chondrocyte proliferation and migration ( Hamam , 
D. et al . microRNA - 320 / RUNX2 axis regulates adipocytic 
differentiation of human mesenchymal ( skeletal ) stem cells . 
Cell Death Dis 5 , e1499 ( 2014 ) , the contents of which are 
incorporated herein by reference ) . MiR - 486 has previously 
been reported to drive proliferation and reduce apoptosis in 
response to hypoxia by upregulating the expression of 
VEGF in mesenchymal stem cells ( Shi , X. F. et al . MiRNA 
486 regulates angiogenic activity and survival of mesenchy 
mal stem cells under hypoxia through modulating Akt 
signal . Biochem Biophys Res Commun 470 , 670-7 ( 2016 ) , 
the contents of which are incorporated herein by reference ) . 
Taken together we show restoration of embryonic signalling 
in high grade chondrosarcoma . 
[ 0180 ] We show that tRF - Gly - TCC is a tumour suppressor 
in chondrosarcoma . TRF - Gly - TCC expression is reduced in 
high grade tumours ( FIG . 2B ) . In line with previous data 
metastatic clones attenuate expression of specific tRFs 
( Goodarzi , H. et al . Endogenous tRNA - Derived Fragments 
Suppress Breast Cancer Progression via YBX1 Displace 
ment . Cell 161 , 790-802 ( 2015 ) , the contents of which are 
incorporated herein by reference ) . Sequence analysis of 
TRFs that are induced by hypoxia reveals significant enrich 
ment of a common linear sequence motif SCUBYC ( Goo 
darzi , H. et al . Endogenous tRNA - Derived Fragments Sup 
press Breast Cancer Progression via YBX1 Displacement . 
Cell 161 , 790-802 ( 2015 ) , the contents of which are incor 
porated herein by reference ) . TRFs containing this motif , 
including tRF - Gly - TCC , are reduced in metastatic cells . 
TRFs that do not harbour this motif continue to be 
expressed . These seemingly deliberate modifications of the 
regulatory transcriptomic landscape demonstrate clonal evo 
lution and selection for clones with metastatic propensity . A 
previous report investigating the SCUBYC sequence motif 
showed the motif to serve as a binding site for a common 
trans factor that interacts with tRFs in vivo . The RNA 
binding protein YBX1 consistently co - precipitated with the 
SCUBYC motif ( Goodarzi , H. et al . Endogenous tRNA 
Derived Fragments Suppress Breast Cancer Progression via 
YBX1 Displacement . Cell 161 , 790-802 ( 2015 ) , the contents 
of which are incorporated herein by reference ) . TRFs inter 
act with YBX1 to displace eukaryotic initiation factors 4B , 
4E and 4G from the m'G cap of mRNA , which interferes 
with secondary structure confirmation during ribosome 
scanning ( Green , D. , Fraser , W. D. & Dalmay , T. Transfer 
RNA - derived small RNAs in the cancer transcriptome . 
PAugers Arch ( 2016 ) , Ivanov , P. , Emara , M. M. , Villen , J. , 
Gygi , S. P. & Anderson , P. Angiogenin - induced tRNA 

Discussion 

[ 0178 ] By integrating clinical , molecular , computational 
and phenotypic analysis , we describe a modulated set of 
tRNAs , tRFs and miRNAs associated with chondrosarcoma 
progression . We also that the class of inhibitors of 
RUNX2 activity represented by formula ( I ) and salts , esters 
and prodrugs thereof ( particularly , the compounds of for 
mula ( I ) and pharmaceutically acceptable salts , esters and 
prodrugs thereof ) inhibit RUNX2 binding to DNA in bone 
3D tumour ( chondrosarcoma ) spheres leading to a signifi 
cant reduction of cancer / tumour cell number compared to 
controls . 
[ 0179 ] One of the identified miRNAs , miR - 140 , is highly 
expressed in high grade chondrosarcoma . Our previous 
work in embryonic bone development shows miR - 140 is a 
key driver of primitive mesenchymal cell proliferation and 
migration through HDAC4 and RUNX2 ( Green , D. , Dal 
may , T. & Fraser , W. D. Role of miR - 140 in embryonic bone 
development and cancer . Clin Sci ( Lond ) 129 , 863-73 
( 2015 ) , Tuddenham , L. et al . The cartilage specific 
microRNA - 140 targets histone deacetylase 4 in mouse cells . 
FEBS Lett 580 , 4214-7 ( 2006 ) , Nicolas , F. E. et al . Experi 
mental identification of microRNA - 140 targets by silencing 
and overexpressing miR - 140 . RNA 14 , 2513-20 ( 2008 ) , 
Nicolas , F. E. et al . mRNA expression profiling reveals 
conserved and non - conserved miR - 140 targets . RNA Biol 8 , 
607-15 ( 2011 ) , Pais , H. et al . Analyzing mRNA expression 
identifies Smad3 as a microRNA - 140 target regulated only 
at protein level . RNA 16 , 489-94 ( 2010 ) , Nicolas , F. E. & 
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fragments inhibit translation initiation . Mol Cell 43 , 613-23 
( 2011 ) , Harms , U. , Andreou , A. Z. , Gubaev , A. & Kloster 
meier , D. eIF4B , eIF4G and RNA regulate elF4A activity in 
translation initiation by modulating the elF4A conforma 
tional cycle . Nucleic Acids Res 42 , 7911-22 ( 2014 ) ) . TRFs 
further competitively interact with YBX1 leading to desta 
bilisation of oncogenic mRNAs ( Goodarzi , H. et al . Modu 
lated Expression of Specific tRNAs Drives Gene Expression 
and Cancer Progression . Cell 165 , 1416-27 ( 2016 ) , Goo 
darzi , H. et al . Endogenous tRNA - Derived Fragments Sup 
press Breast Cancer Progression via YBX1 Displacement . 
Cell 161 , 790-802 ( 2015 ) , Green , D. , Fraser , W. D. & 
Dalmay , T. Transfer RNA - derived small RNAs in the cancer 
transcriptome . Pflugers Arch ( 2016 ) ) . TRF - Gly - TCC spe 
cifically displayed a substantial binding to YBX1 ( Goodarzi , 
H. et al . Endogenous tRNA - Derived Fragments Suppress 
Breast Cancer Progression via YBX1 Displacement . Cell 
161 , 790-802 ( 2015 ) ) . By attenuating the induction of tRFs 
containing a SCUBYC sequence motif , metastatic cells 
evade tRF - YBX1 interaction and subsequent tumour sup 
pression . 
[ 0181 ] We find that remodulating the cancer transcriptome 
with tRF - Gly - TCC induces phenotypic and transcription 
changes in a model system . We speculate the transfected 
sequences overcome YBX1 , terminating the stability of 
oncogenic messenger RNAs and inhibiting the role of YBX1 
in cancer progression ( FIG . 7 ) . YBX1 is one of the most 
overexpressed oncogenes observed in human cancer ( up 
regulated in 10 % of all cancer versus normal tissue data sets ) 
and is highly heterogeneous with multiple variants / post 
translational modifications ( Rhodes , D. R. et al . ONCOM 
INE : a cancer microarray database and integrated data 
mining platform . Neoplasia 6 , 1-6 ( 2004 ) , Uchiumi , T. et al . 
YB - 1 is important for an early stage embryonic develop 
ment : neural tube formation and cell proliferation . J Biol 
Chem 281 , 40440-9 ( 2006 ) , the contents of which are 
incorporated herein by reference ) . A number of YBX1 target 
transcripts encode well characterised drivers of oncogenesis 
including eukaryotic translation initiation factor 4 gamma 1 
( EIF4G1 ) , integrin subunit beta 4 ( ITGB4 ) , AKT serine / 
threonine kinase 1 ( AKTI ) and ADAM metallopeptidase 
domain 8 ( ADAM8 ) ( Goodarzi , H. et al . Endogenous tRNA 
Derived Fragments Suppress Breast Cancer Progression via 
YBX1 Displacement . Cell 161 , 790-802 ( 2015 ) , the contents 

of which are incorporated herein by reference ) . Sequence 
analysis of RUNX2 , the embryonic transcript that steadily 
increases in expression inversely to tRF - Gly - TCC , reveals 
several YBX1 recognition motifs in the coding and 3 ' 
regions ( FIG . 6 ) . Transfecting tRF - Gly - TCC reduces 
RUNX2 expression to control levels . Our study shows the 
potential of modulating the interaction of YBX1 through 
molecular manipulation rather than inducing massive cell 
death , which is the objective of cytotoxic chemotherapy . 
[ 0182 ] Few transcriptomic analyses have been performed 
in chondrosarcoma that may contain insights into endog 
enous regulatory mechanisms that could be therapeutically 
manipulated . In this study we show miRNAs are differen 
tially expressed throughout chondrosarcoma progression . 
One miRNA , miR - 140 , is highly expressed in high grade 
chondrosarcoma and known to interact with HDAC4 and 
downstream with RUNX2 during embryonic bone develop 
ment . We also show a recently discovered class of SRNA 
known as tRFs are differentially expressed throughout chon 
drosarcoma progression . Ectopic expression of tRF - Gly 
TCC in chondrosarcoma tumour spheres induced cellular 
and genetic changes that are visibly and experimentally 
different to controls . Our data expands the importance of 
RNA silencing in cancer biology and demonstrates a novel 
role for tRNAs and tRFs in actively regulating gene expres 
sion . Manipulating this endogenous transcriptomic defence 
mechanism is a novel approach to treating bone cancer . 
[ 0183 ] We have also shown that the class of inhibitors of 
RUNX2 activity represented by formula ( I ) and salts , esters 
and prodrugs thereof ( particularly , the compounds of for 
mula ( I ) and pharmaceutically acceptable salts , esters and 
prodrugs thereof ) inhibit RUNX2 binding to DNA in bone 
3D tumour ( chondrosarcoma ) spheres leading to a signifi 
cant reduction of cancer / tumour cell number compared to 
controls . 
[ 0184 ] Taking the above data together , the methods , com 
positions and uses of the present invention are demonstrated 
to be effective against cartilage matrix - forming bone 
tumours and / or metastatic cancer originating therefrom , for 
example chondrosarcoma and metastatic chondrosarcoma . 
[ 0185 ] The foregoing broadly describes certain embodi 
ments of the present invention without limitation . Variations 
and modifications as will be readily apparent to those skilled 
in the art are intended to be within the scope of the present 
invention as defined in and by the appended claims . 

SEQUENCE LISTING 

< 160 > NUMBER OF SEO ID NOS : 14 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 20 
< 212 > TYPE : RNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : RNA mimic 

< 400 > SEQUENCE : 1 

gauggcauucgucaguucua 20 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
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- continued 

< 220 > FEATURE : 
< 223 > OTHER INFORMATION : LNA inhibitor 

< 400 > SEQUENCE : 2 

taacacgtct atacgccca 19 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 32 
< 212 > TYPE : RNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : ERF - Gly - TCC RNA mimic 

< 400 > SEQUENCE : 3 

gcguuggugg uauaguggug agcauagcug cc 32 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 33 
< 212 > TYPE : RNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : URF - Lys - TTT RNA mimic 

< 400 > SEQUENCE : 4 1 

gcccggauag cucagucggu agagcaucag acu 33 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 27 
< 212 > TYPE : RNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : TRF - Asn - GTT RNA mimic 

< 400 > SEQUENCE : 5 

uuggugguuc gagcccaccc agggacg 27 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : ERF - Gly - TCC LNA inhibitor 

< 400 > SEQUENCE : 6 

tatgctcacc actataccac 20 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : URF - Lys - TTT LNA inhibitor 

< 400 > SEQUENCE : 7 

ctctaccgac tgagctatcc 20 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 18 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : ERF - Asn - GTT LNA inhibitor 

< 400 > SEQUENCE : 8 
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- continued 

gtgggctcga accaccaa 18 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : miR - 140-32 LNA mimic 

< 400 > SEQUENCE : 9 

taccacaggg tagaaccacg g 21 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : miR - 320a LNA mimic 

< 400 > SEQUENCE : 10 

aaaagctggg ttgagagggc ga 22 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : miR - 486-5p LNA mimic 

< 400 > SEQUENCE : 11 

tcctgtactg agctgccccg ag 22 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : miR - 140-3p LNA inhibitor 

< 400 > SEQUENCE : 12 

cgtggttcta ccctgtggt 19 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : miR - 320a LNA inhibitor 

< 400 > SEQUENCE : 13 

cgccctctca acccagcttt 20 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

< 223 > OTHER INFORMATION : miR - 486-5p LNA inhibitor 

< 400 > SEQUENCE : 14 

tcggggcagc tcagtacag 19 
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a carbamoyl ) -5 - norbornene - 2 - carboxylic acid , also named 3- { 
[ ( 3,4 - dichlorophenyl ) amino ] carbonyl } bicyclo [ 2.2.1 ] hept - 5 
ene - 2 - carboxylic acid , known as CADD522 

NH 

CI 
HO 

1. A composition for use in a method of treating a cartilage 
matrix - forming bone tumour and / or a metastatic cancer 
originating from a cartilage matrix - forming bone tumour , 
wherein the composition comprises one or more of an 
inhibitor of RUNX2 activity , an inhibitor of RUNX2 expres 
sion , an inhibitor of YBX1 activity and an inhibitor of YBX1 
expression . 

2. The method or composition for use of any preceding 
claim , wherein the cartilage matrix - forming bone tumour is 
a cartilage matrix - forming bone cancer . 

3. The method or composition for use of claim 2 , wherein 
metastasis of the cartilage matrix - forming bone tumour is 
inhibited . 

4. The method or composition for use of any preceding 
claim , wherein the cartilage matrix - forming bone tumour 
overexpresses RUNX2 and / or YBX1 in comparison to nor 
mal cartilage or other biological material . 

5. The method or composition for use of any preceding 
claim , wherein the cartilage matrix - forming bone tumour is 
chondrosarcoma . 

6. The method or composition for use of any preceding 
claim , wherein the inhibitor of RUNX2 activity and / or the 
inhibitor of YBX1 activity inhibits binding of RUNX2 
and / or YBX1 to DNA and / or mRNA ; for example wherein 
the inhibitor of RUNX2 activity inhibits binding of RUNX2 
to DNA , for example specifically and / or selectively inhibits 
binding of RUNX2 to DNA , for example in the tumour cells ; 
for example wherein the inhibitor of RUNX2 activity inhib 
its binding of RUNX2 to mRNA , for example specifically 
and / or selectively inhibits binding of RUNX2 to mRNA , for 
example in the tumour cells ; for example wherein the 
inhibitor of YBX1 activity inhibits binding of YBX1 to 
DNA , for example specifically and / or selectively inhibits 
binding of YBX1 to DNA , for example in the tumour cells ; 
for example wherein the inhibitor of YBX1 activity inhibits 
binding of YBX1 to mRNA , for example specifically and / or 
selectively inhibits binding of YBX1 to mRNA , for example 
in the tumour cells . 

7. The method or composition for use of any preceding 
claim , wherein the inhibitor of RUNX2 activity and / or 
YBX1 activity inhibits interaction of YBX1 protein with 
RUNX2 transcripts and / or RUNX2 protein . 

8. The method or composition for use of any preceding 
claim , wherein the inhibitor of RUNX2 activity or the 
inhibitor of RUNX2 expression is a compound according to 
formula ( I ) or a pharmaceutically acceptable salt , ester or 
prodrug thereof , 

or a salt , ester or prodrug thereof . 
10. The method or composition for use of any preceding 

claim , wherein the inhibitor of YBX1 activity or the inhibi 
tor of YBX1 expression is a small RNA molecule compris 
ing a SCUBYC motif . 

11. The method or composition for use of any preceding 
claim , wherein the inhibitor of YBX1 activity or the inhibi 
tor of YBX1 expression is a tRNA derived fragment ( tRF ) 
or analogue thereof , for example tRF - Gly - TCC or an ana 
logue thereof . 

12. The method or composition for use of any preceding 
claim , wherein the inhibitor of RUNX2 expression and / or 
the inhibitor of YBX1 expression is a siRNA . 

13. An in vitro method for detecting the presence of a 
cartilage matrix - forming bone tumour in a subject or the risk 
of a subject developing a cartilage matrix - forming bone 
tumour , the method comprising ( i ) measuring the expression 
level of at least one of RUNX2 and YBX1 in a biological 
sample obtained from a subject , and ( ii ) comparing the 
expression level of RUNX2 and / or YBX1 in the biological 
sample obtained from the subject with the respective expres 
sion level of RUNX2 and / or YBX1 in normal cartilage or 
other biological material , wherein a higher expression level 
of RUNX2 and / or YBX1 in the biological sample obtained 
from the subject compared to the respective expression level 
of RUNX2 and / or YBX1 in the normal cartilage or other 
biological material indicates the presence of or an increased 
risk of developing a cartilage matrix - forming bone tumour . 

14. The method of claim 13 , wherein the biological 
sample obtained from the subject was obtained from the 
subject's bone tissue or cartilage tissue or tumour . 

15. The method of claim 13 or 14 , wherein the cartilage 
matrix - forming bone tumour is chondrosarcoma . 

16. The method of any one of claims 13 to 15 , wherein the 
method further comprises measuring the expression level of 
one or more tRF having a SCUBYC motif in the biological 
sample obtained from the subject and comparing with the 
respective expression level of the tRF having a SCUBYC 
motif in normal cartilage or other biological material , 
wherein a higher or lower expression level of tRF having a 
SCUBYC motif in the biological sample obtained from the 
subject compared to the respective expression level in a 
normal cartilage or other biological material indicates the 
presence of or an increased risk of developing a cartilage 
matrix - forming bone tumour . 

17. The method of claim 16 , wherein the method com 
prises comparing the expression level of tRF - Gly - TCC 
and / or tRF - Lys - TTT in the biological sample obtained from 

. 

Formula ( I ) 
RI 

arr - NR3 
-R4 OH 

R2 

wherein R , and R , are each independently selected from 
hydrogen , a halogen , a haloalkyl , an alkyl , an alkyl 
amide , a cycloalkylamide or an alkyamine ; 

Rz is H or alkyl ; and 
R4 is a bridged cycloalkenyl ring . 
9. The method or composition for use of claim 8 , wherein 

the compound of formula ( 1 ) is 3- ( N- ( 3,4 - dichlorophenyl ) 
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2 . 

a 

the subject with the respective expression level of tRF - Gly 
TCC and / or tRF - Lys - TTT in normal cartilage or other 
biological material . 

18. The method of any one of claims 13 to 17 , wherein the 
method further comprises comparing the expression level of 
one or more of tRNA GlyTCC , tRNALYSTTT , miR - 140 , SOX9 , 
PTHLP , ANG , HDAC4 , and p53 in the biological sample 
obtained from the patient with the respective expression 
level of tRNA GlyTCC CC , tRNALYSTTT , miR - 140 , SOX9 , PTHLP , 
ANG , HDAC4 , and p53 in normal cartilage or other bio 
logical material , wherein a higher expression level of one or 
more of tRNA GlyTCC , tRNALYSTTT , miR - 140 , HDAC4 , and 
p53 in the biological sample obtained from the subject 
compared to the respective expression level in normal 
cartilage or other biological material indicates the presence 
of or an increased risk of developing a cartilage matrix 
forming bone tumour , and a lower expression level of one or 
more of SOX9 , PTHLP , HDAC4 , and ANG in the biological 
sample obtained from the subject compared to the expres 
sion level in a normal cartilage or other biological material 
indicates the presence of or an increased risk of developing 
a cartilage matrix - forming bone tumour . 

19. An in vitro method for determining the prognosis of 
a subject having a cartilage matrix - forming bone tumour , the 
method comprising ( i ) measuring the expression level of at 
least one of RUNX2 and YBX1 in a biological sample 
obtained from the subject , and ( ii ) comparing the expression 
level of RUNX2 and / or YBX1 in the biological sample 
obtained from the subject with the respective expression 
level of RUNX2 and / or YBX1 in normal cartilage or other 
biological material , wherein the subject's prognosis 
decreases with increasing expression level of RUNX2 and / 
or YBX1 in the biological sample obtained from the subject . 

20. The method of claim 19 , wherein a level in the 
biological sample obtained from the subject that is up to 
about 1.5 times the level in the normal cartilage or other 
biological material indicates a low grade tumour , a level 
from about 10 to about 15 times the level in the normal 

cartilage or other biological material indicates an interme 
diate grade tumour , and / or a level of about 16 or more times 
greater than the level in the normal cartilage or other 
biological material indicates a high grade tumour . 

21. The method of claim 19 or 20 , wherein the biological 
sample obtained from the subject was obtained from the 
primary tumour . 

22. The method of any one of claims 19 to 21 , wherein the 
cartilage matrix - forming bone cancer is chondrosarcoma . 

23. The method of any one of claims 19 to 22 , wherein the 
method further comprises measuring the expression level of 
one or more tRF having a SCUBYC motif in the biological 
sample obtained from the subject and comparing with the 
respective expression level of the tRF having a SCUBYC 
motif in normal cartilage or other biological material , 
wherein the subject's prognosis decreases with increasing or 
decreasing expression level of the one or more tRF in the 
biological sample obtained from the subject . 

24. The method of claim 23 , wherein the method com 
prises comparing the expression level of tRF - Gly - TCC 
and / or tRF - Lys - TTT in the biological sample obtained from 
the subject with the respective expression level of tRF - Gly 
TCC and / or tRF - Lys - TTT in normal cartilage or other 
biological material . 

25. The method of any one of claims 19 to 24 , wherein the 
method further comprises comparing the expression level of 
one or more of tRNA GlyTCC , tRNALYSTTT , miR - 140 , SOX9 , 
PTHLP , ANG , HDAC4 , and p53 in the biological sample 
obtained from the patient with the respective expression 
level of tRNA GlyTCC , tRNA LysTTT , miR - 140 , SOX9 , PTHLP , 
ANG , HDAC4 , and p53 in normal cartilage or other bio 
logical material , wherein the subject's prognosis decreases 
with increasing expression level tRNAG?YTCC , tRNA ? 
miR - 140 , HDAC4 , and p53 in the biological sample 
obtained from the subject or decreasing expression level of 
SOX9 , PTHLP , HDAC4 , and ANG in the biological sample 
obtained from the subject . 

> ? 

LysTTT 
. 


