K %

F (BRI E)

AR EFS

il

Bt (%)

WP KERE 877 &

FER1 7HE3A24H

EamBEREN 2 TEVERGRTR

ARG 6 &5 1 TR Y

A Novel Isoform of Vinexin, Vinexin 7, Regulates Sox9

Gene Expression through Activation of MAPK Cascade

in Mouse Fetal Gonad
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In mammals, sexes are determined by the presence or absence of Sry, the sex
determining gene on the Y chromosome. Early gonads are morphologically identical
between XX and XY individuals until embryonic day 11.5 (E11.5). However, through
its transient expression from E10.5 and E12.5, Sry initiates the developmental processes
necessary to shape the XY indifferent gonad into a testis. Thereafter, multiple
transcriptional regulators such as Ad4BP/SF-1, Sox9, M33, Wt-1, Gata-4, and Dax-1
function to develop sexually differentiated gonads. However, it is little known about
these molecular mechanisms.

To investigate the role of Ad4BP/SF-1 during mouse gonadal development, we
isolated proteins that interact with Ad4BP/SF-1 by yeast two-hybrid screening with a
library prepared from E11.5-13.5 mouse fetal gonads. Vinexin was one of the clones
isolated by the screening. Two isoforms of Vinexin, Vinexina and 3 had previously
been identified, however, the clone isolated in this study was distinct from those two
isoforms in the 5’ region. Thus, this novel isoform was tentatively designated Vinexin y.

To investigate the expression profile of Vinexin y, whole-mount in situ
hybridization was performed with mouse fetal gonads. Vinexin y expression was evident
from E11.5 in both sexes. Moreover, Vinexin ywas detected in only the cDNA prepared
form the somatic cells, but not germ cells of both sexes. The expression of Vinexin was
examined further with a polyclonal antibody raised to a recombinant Vinexin y. In the
E12.5 fetal gonads, Vinexin y and 3 were detected, whereas Vinexin o was not detected.
The expression of Vinexin in the developing gonads was examined
immunohistochemically. Vinexin expression was observed in Sertoli cells of the XY
gonads and in the somatic cells of the XX gonads. In addition, Vinexins were localized
in the cytoplasm but not in the nuclei at all stages examined.

Recently, it was reported that Vinexin 3 regulates EGF-induced phosphorylation
of ¢c-jun N-terminal kinase (JNK) and anchorage-dependent phosphorylation of ERK2.
Therefore, we examined whether Vinexin yregulates the MAPK cascade in a mouse
embryonic fibroblast cell line, C3H10T1/2. Phosphorylation of ERK and MEK was
found to be up-regulated significantly after the transfection of Vinexin y while that of
c-Raf was not up-regulated. Since Vinexin y was also implicated in regulation by the
MAPK cascade, we examined the interaction between Vinexin y and components of the
MAPK cascade. Vinexin vy interacted with endogenous ERK and c-Raf but not MEK.
The interaction with c-Raf appeared to be stronger than that with ERK.

It was previously reported that Fgfs was implicated the MAPK cascade in

regulation of Sox9 gene expression in chondrocytes. Thus, we hypothesized that Vinexin
v is involved in regulation of Sox9 gene expression through interaction with components

of the MAPK cascade. Based on this hypothesis, Vinexin y increased Sox9 mRNA levels.
Conversely, when the cells were treated with a specific inhibitor of MEK activation,
U0126, the reagent markedly inhibited up-regulation of Sox9 gene expression by
Vinexin y. Phosphorylation of ERK was also inhibited. These observations strongly
suggested that Vinexin y regulates Sox9 gene expression by activating the MEK-ERK
cascade.

To investigate the functions of Vinexin y in vivo, we generated Vinexin
y gene-disrupted mice. We generated a Vinexin y-specific disrupted mice by deleting the
y form-specific first exon together with the upstream region. This Vinexin y-specific
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disrupted mice were produced successfully, however these mice were obtained at the
predicted Mendelian ratios and were fertile in both sexes. Moreover, the XX and XY
fetal gonads of the disrupted mice were morphologically normal.

In order to examine whether MAPK activation occurs in mouse fetal gonads,
Western blot analyses with mouse fetal gonads were performed using antibodies to
phosphorylated forms of MAPK (ERK, JNK, and p38). Interestingly, ERK was
phosphorylated, whereas INK and p38 were not phosphorylated in the fetal gonads at
E12.5. We then examined ERK phosphorylation in the Vinexin y'/ " fetal gonads. ERK
phosphorylation was decreased in the Vinexin y"~ XY gohads when compared to the
Vinexin y‘“" XY gonads at E12.5. In contrast, there was no significant difference in ERK
phosphorylation between the Vinexin 'y+/' and Vinexin y'/ " XX gonads. These sexually
distinct effects on ERK phosphorylation strongly suggested that the phosphorylation
mediated by Vinexin y occurs in the male but not in the female gonad, even though
Vinexin vy is expressed in the gonads of both sexes.

Since ERK phosphorylation was shown to lead to up-regulation of Sox9
expression, Sox9 expression was expected to be affected by Vinexin y gene disruption.
Thus, Sox9 expression in the gonads was examined by whole-mount i situ
hybridization. Sox9 expression was affected in the Vinexin y”~ XY gonads at E12.5.
However, the decreased level of Sox9 varied among the Vinexin y”~ XY gonads. Indeed
Sox9 expression was either similar to the wild-type, decreased modestly, or decreased
severely. However, Sox9 expression did not completely disappear from any of the
Vinexin v~ XY gonads. Interestingly, the decreased Sox9 expression was observed with
higher frequency at E11.5, and with lower frequency at E13.5 and E14.5. Sox9
expression eventually recovered during the late fetal period. As a control for altered
Sox9 expression in the gonad, Sox9 expression was investigated in the limb buds where
Vinexin y is not expressed. As expected, no difference in Sox9 gene expression was
observed between the Vinexin v and Vinexin y” hind limb buds.

In conclusion, we identified a novel isoform of Vinexin, Vinexin y and
characterized it as a scaffold protein for the MAPK cascade. Through regulating the
activation of MEK-ERK via interaction with c-Raf, Vinexin y is implicated in Sox9 gene
expression. The gene disruption study revealed that Vinexin y regulates the process of
testis differentiation through modulating the MAPK cascade.
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M EEEROES

BIE TR ™ ZDENTEEN S, HNSAEA Ad4BP/SF-1 12 EFERCRIE RE ORRICHEDET T
HD T EMHSNTIR> TNWD, BHFFE TS Ad4BP/SF-1 SAHEMER T 2 KF% two-hybrid A7 UJ—=
D& THEEL, ZOMEEOFNTEEL. FHBOBHRANZALEZHLNMNCTHIEZENEL
2o BEICBNTIE, BB SN TWHEEARFOH T, RFEERICHERL. 3O SH3 B
AL EEFETDVinexinicEB L. ZORTFICIZa & B isoform DEFEENRE SN TV, SEHT
oy form MEEE Nz, EFEROERIBIRICHITS Vinexin v DEEEE RS -OBEETREYY
ABERLEEZA, 2O AOEFEIRSMERE & HICEE TIEEEHE L T, £z, TOMMORHRE
ICBWTHHEERAEEIIRD ooz,

WL A8 O AL TE IRV IR EN T MR RO LA AL TERR D & M AR TERRAN &b T 5. COBETY B
(K LIRS S SRY B TAVERRER T & U THRET 2 ZEDHIS N TN D, BICZOBEERTOFER
i SOX9 EIETORBFEEBL., KEEIL N MBEOMERHEDOREZT> TS, Vinexin v&x
FRHET T BN TEBEFRO Y —h— B TFORBEERET Lz & A, SoxI BEFOFRFNFHD
LTWe, ZOFERIE Vinexin 728 Sox 9 BETFOEEHENCES T2 EaRB LI &N, D
AN T LD 2T 57, TOFER Vinexin 7 1d c-Raf & ERK EOMEIEAZELC. MEF S ERK DV
S EEET B ETERK H A — ROAEI #1725 TWB Z EARHLMNT/E > J, EBRIT Vinexin 7
BETFRIE< Y X QBT ATER T BRE OIFHE LRI I N TWz, £k, BEMEZ HWZER.
5 ERK 5 A4 — ROWEMALA Sox9 BIEFOEES LR X B/, U LEOHEENS, Vinexin v i3EFER
DMRE DT, ERK H A7 — RO 258 U THEATEIRGERIICHEET 2 Sox) BETOERFEZHEY
5T &ET, AEROBIET O AIBES T 5 Z EAHS IR0 T,

AFFEV TR DM EBIRICE S BRK h 27— RS2 CH TRLEZD D T, BEZBRIEN W
XELTHRBANEEETSHEHEL R,

ARFENBIC DN T OEREETO RS, FEZEVWRABTROERTFE. BIEY 5 BHUHHIC
DNTHEEITo /2. TORRE. HHEINENEOILIE, B8R, ARAHME. HAICET 28802
ZTND LWL, Ee, BFEEFTERSICGHCERRL THY, IERICHET DRI B TR TY
%, PAEX O HBEENEMESITHBELUWKEIGEL TS D SR L 2.



