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exostoses development and cartilage abnormalities observed in
Ext2 heterozygous mutant mice
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Hereditary Muitiple Exostoses (HME) is an autosomal dominant disorder characterized by the
occurrence of multiple benign cartilage-capped tumors, or exostoses, at the ends of long bones. HME is caused by
mutations in human EXT] and EXT2 genes, which are responsible for heparan sulfate (HS) chain biosynthesis.
Accordingly, inactivation of one copy of the mouse Ext2 gene led to the HME phenotype and aberrant cartilage
(termed as nodules) development in the ribs. Given that HS is essential for activation of FGF signaling,
down-regulation of FGF signaling by EX7 mutation might trigger HME development. However, direct evidence
demonstrating the role of FGF signaling in exostoses development has not yet been shown. Therefore, the present
work was undertaken to investigate whether FGF signaling via Frs2a, which is a crucial mediator of FGF signaling,
regulates exostoses and cctopic cartilage development in Exf2 heterozygous mutant mice.
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Methods: A transgene-inserted Fxt2 mutant mouse line (Ext2'¢) was used. Ext2"™* mice were crossed with
Frs2a™ mice to obtain Ext2™"; Frs2a™ mice. Numbers and locations of exostoses in different bones were
investigated by soft x-ray analysis of one year old mice. Exostoses histology was examined by Hematoxylin and
Eosin (H&E) staining of paraffin sections. Numbers and sizes of ectopic cartilaginous nodules were examined
histologically by microscopic observation of H&E stained paraffin sections of postnatal days 14 (P14) ribs.

Results: Both Ext2™" and Ext2™"; Frs2a™ mice developed histologically defined exostoses in their
endochondral bones. Ribs were predominantly affected in both genotypes (33.3% and 47.0% of all exostoses in
single and double heterozygotes, respectively), followed by the femur (19.0% and 29.4%, respectively). In Ext2™*
mutants, 75.0 % of mice (n=12/16) displayed exostosis phenotypes (at least one exostosis), including 37.5% (6/16)
of mice showing multiple exostoses. In Ext2™®*; Frs2a™ mutants, 66.7% (n=10/15) of mice exhibited exostoses,
including 26.7% (n=4/15) of mice with multiple exostoses. The frequencies of exostoses appearance were not
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significantly different between Exr2"®" and Ext2"®"; Frs2a™ mutants. [1.31 + 0.30 (mean = SE) and 1.13  0.30
(mean + SE) for Ext2™" and Ext2"®*;, Frs2a™" respectively (t-test, p>0.05)]. Therefore, we did not find a significant
difference between Ex:2™®" and Ext2™¥*; Frs2a™ mice in the incidence rates of exostoses. Next, in order to
investigate whether the appearance of ectopic cartilaginous nodules was affected by Frs2a gene dosage, nodules in
Ext2"" and Ext2™"; Frs2a™ mutant mice at P14 were analyzed. Ext2"®"; Frs2a™ mice showed a tendency to have
higher numbers of nodules (2.63 and 3.58 nodules per rib for Ext2™* and Ext2""; Frs2a™ mutants respectively)
with larger sizes (4.49 and 6.65 cells per nodule in a single section for Zxt2™" and Ext2™®"; Frs2a™ mutants
respectively). These results indicate that reduced Frs2a gene dosage might accelerate the growth of ectopic nodules.
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Taken together, our results indicate that reduction of Frs2a gene-dosage promotes growth of
disorganized chondrocytes but does not strongly affect the £xt2-dependent HME phenotype.

MXEBEEOHRNDEE

b MlfESR S BEIMEEE. N VRS A RIS AR EXTIR REXT2 5T O E R I
T3 EFBEINTVE, F o ~3F VEREL41Z, Fibroblast Growth Factor (FGF)#%
BLOHL ey VT VAFORSTERLLTHM I EFEFIRATVS, LHPL, BA
FTIFGFY 7/ TV ORTHNEREREDORAL L > TV AL RHATH - /2,

Nasirujjaman K i< & 3 AHX TR, N FREERBE T IE2~NT e EE 2 7R ITE W TFGF
DAY 7S VEEICL AL FRS20DBETEEFMKRT I €2 LI0L >0, SR
BUERFLBREEB/OBAILED L) EBEVL L2 0RF L, KXKBPRTAHK
FOLEBITP 6, FR20DBETFEFLF S NKT I T, E2NT e EE V7 XTA
bNEBE LK BEBAOBBELRENEDIRBEIRTVEILERCEL 2,

MED&RIE, ~XF YREBARIBIR L BFGFY 7+ VDR TA S EER AL AR 7o
LA THDILE2EBFTHERTHLE, HdE (BF) O0FLREIMHETELHFILNS,



