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Reciprocal regulation between NanosZ and SoxZ for sexual

differentiation of male germ cells in mice
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Summary of thesis contents

Germ cells, which generate spermatozoa in the testes and oocytes in the ovaries,
are specialized cells that transmit genetic information to the next generation. In mice,
spermatozoa and oocytes are differentiated from primordial germ cells (PGCs)
through sexual differentiation. In female gonads, PGCs proceed to meiosis, whereas in
male gonads they enter mitotic arrest at Go/G; stage and maintain the quiescence after
birth.

One of the key factors required for promoting male pathway is Nanos2 in male
germ cells. Nanos2 plays a crucial role in sexual differentiation of male germ cells
because meiosis is abnormally induced and male-type genes are down-regulated in the
Nanos2-null male germ cells. In addition, the expression of pluripotency genes (such
as Sox2), which is a hallmark of undifferentiated PGCs, is maintained in Nanos2-null
male germ cells. However, it is unclear how Nanos2 promotes the male differentiation
pathway. In my thesis research, | focused on these events which are compromised in
Nanos2-null germ cells to understand the mechanism by which male genetic program
is promoted in mouse germ cells.

Firstly, | examined Nanos2-null phenotype and found that mitotic resumption
rather than meiotic entry was frequently occurred. | expected that male pathway would
be recovered if | could inhibit the abnormal mitotic resumption of Nanos2-null germ
cells. Since retinoic acid (RA) is implicated in the mitotic regulation and the meiotic
initiation of embryonic germ cells, | investigated the involvement of RA signaling in
the defect in Nanos2-null germ cells. Interestingly, cell cycle abnormalities were

completely prevented by treating with RA receptor (RAR) antagonist, suggesting a
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role for Nanos2 in the suppression of RA signaling. Next, | examined expression of
Dnmt3L, a representative downstream factor of Nanos2 required for male specific
genomic imprinting. However, | could not observe any recovery of the Dnmt3L
expression. These results indicate that Nanos2 is required for the expression of
Dnmt3L independently of maintaining mitotic quiescence.

Secondly, | asked whether the prolonged expression of the pluripotency genes
in Nanos2-null male germ cells influences the male-type gene expression. To address
this question, | employed conditional Sox2 knocked-out mice (Sox2%“). | found that
the mitotic quiescence was retained in the Sox2/Nanos2 double mutant male germ
cells, indicating that Nanos2-mediated repression of pluripotency genes is required for
the maintenance of mitotic quiescence. Furthermore, these gene expressions were
repressed in the RAR antagonist treated Nanos2-null male gonads. These data suggest
that Nanos2 maintains the mitotic quiescence through the suppression of RA signaling
which otherwise promotes pluripotency gene expression. However, Dnmt3L
expression was not recovered regardless of knocking out of Sox2 either with or
without RAR antagonist. This result indicates that Nanos2 is required for Dnmt3L
expression in addition to repressing RA signaling. Surprisingly, | found that male
type-genes were highly expressed in Sox2*“ male germ cells. This observation led me
hypothesize that Sox2 is involved in the suppression of the Nanos2 expression in
PGCs.

Based on my hypothesis, | conditionally knocked-out the Sox2 gene from PGCs
before Nanos2 expression begins. As expected, | observed Nanos2 up-regulation in the

Sox2-null germ cells compared to those in the control embryos. However, the
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precocious Nanos2 up-regulation had a marginal effect on the expression of male-type
genes. Next | focused on the cell cycle state, since mitotic arrest is another sign of the
male differentiation pathway. While 70% of PGCs were still proliferative in control,
more than 90% Sox2-null PGCs entered mitotic arrest, indicating that Sox2 is involved
in the entry of mitotic quiescence. Since Nanos?2 is precociously expressed in the
Sox2-null PGCs, it is possible to speculate that the Nanos2 might have induced the
mitotic arrest. However, the ectopic Nanos2 expression had moderate effect on the
induction of mitotic arrest. To further explore the reason why mitotic arrest is
prematurely induced in the absence of Sox2, | focused on cell cycle regulators and
found that Sox2 regulates p15'N**? via suppressing Brd4. Based on these results, |
finally tested the possibility that male pathway is prematurely promoted if higher dose
of Nanos2 (Tg-Nanos2) is expressed together with knocking out of Sox2. As expected,

| found Dnmt3L expression in Tg-Nanos2/Sox2%

male germ cells earlier than the
wild-type, which supported my hypothesis.

My study proposed that reciprocal regulation between Nanos2 and Sox2 plays
a key role in the male germ cell differentiation pathway. | elucidated that the
down-regulation of Sox2 triggers initiation of mitotic arrest and then Nanos2 is highly
expressed in the mitotic quiescent cells. Nanos2 regulates both maintenance of mitotic
arrest and down-regulation of Sox2 expression via repressing retinoic acid signaling.

These results provide important information to understand the gene regulatory

network for male sexual differentiation in mouse germ cells.
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Summary of the results of the doctoral thesis screening

~ U ADMFEAAME (PGC) 1. &K%k 12.5 AT A B O KM L oIk F L T
Qﬂﬂiﬁkébéb\ 3R T T R~ 0 i Ay ﬁ)ﬂ%méﬂé AAE L THIREZZ T PGC LT
WIS ZEICANDL DI LT, 2D PGC 1A K03 a5 1 LIk o /it
é/u@Fﬁ@Jﬁjué’C IZ RNA #i & % v 737 NANOS2 A4 2240k L7z PGC f%’%fﬁﬁ
HZ L XZDBBTERETLEAADPGC THRMBPHM LI ZEE2HEL T
%o /N E A1 NANOS2 M i5E 4 2 &ML D 4 Ak D7y 7 ICH KA 6 BLF
DFRHT &2 14T - T2,

XU I, Nanos2% RE LT A APGCOWMBM A MR A FEMICHRIEL . 241 E TIZ
BEZoTWVDEEINTERESHENERT TIEl, DLAZOPGCIIAARDHEZIE Z
LTWAHZEZRDT, TOZ &1 Nanos2D 3 BN B AT O A AL & 5| Z i =
THDOTIERWNWIZ EZRBLTWD, £ 2T, /MNlS AIX Nanos2h #5353 5 A5l Al g
DA Al D FAK 2 MR oy ZARIERBE & A 26~ — U — O Dnmt3LO F BT E Y 431 T
AT 2 HE D 7o, CyelinE27: £ O A J& W B E B n OB B M 28D 5 & L b
BREFCTLT /A U (RA) LEARNC XY Nanos2/K 8 41 Ha T HI I JE B & (K 1L R HE 12
TEDL%MZMNL L, Dnmt3LOFEBURENT 21T o 7o, £ OREHR . e J& 5K 1R R AE &
Dnmt3LORBLFFE|IMN. LB R THHZ L 2B, —FH. BITHY T Nanos2X
HPGCTIXZ REM & s T Sox2, Oct3/4, NanogD H LA N RERTWETZD, b
DEEBETOREN A AL EZREFET 20T _72, Sox20 KRIFIK T 3 DO LEMER 72
Ml EnNsZ Enbhrollo®, Nanos2& Sox20 2 BH/REMIZ H\v, RAHEAIT
Al e J&5 0 2 AR Ok & B T Dnme3LO FEB &2 fRAT LT, £ ORGSR A8 B2 K IERE TS
REMEEA G F DO RBN R WERMETH DmntSLO EBIXR O Sl inoT-, UL EDO MBI 6
Nanos2/ T/ ia J& ) 2 Hl 3 5k & ZEER T ORBIMG 3 2 B & 132 L T,
FAEFET DL ERRBR I NI,

FREAENT DR T, Sox2% KRB & 5 & Nanos2NEH L0 H EVEROPGCH B ¥
BHBERTDHZENR SO0, PGCO A ALITE T 5 Sox20 &% ENZ DWW T X HIZ
fig bt 2 D 7=, Sox2% K L. Nanos2% M| # Bl S H 7 PGCOMENT 2~ & | Al Fa J& #1 IR
IEIRBEIX Nanos2L V 30 L ASox2D RIE TR Z 5 Z &, Z DM IL plsINE#D L Z DR
MWACR D Brd4= v 35 2 L2 RO Tnbd, S HIZ, NanosZEiH| FEBL « Sox2K 8
MR TIEDnmtSLO BN R E D Z L% Ao, Zh b OREIZPGCH A 2 (ki
Sox2% Nanos20 8B L THI 22" TH550 T, FiHlomATHSL, 55
NIeT — 22 FIIHETHI T, YEAHBIZAEWVWA AN M2 b TRERERD
BoHRTE M TE 5,

x5 NANOS2 Rl & T Z LN ESN DI FEEBEZMITL TEHY .,
NANOS2 DHEREA M+ 5 ECEHERERT —F Th Y, FMMicMET 5, £72. 2D
WFE T Sox2& Nanos2P K L THRETHEVWIFHHOERZE TS, ZNIX.PGC
DO REATEA SO SRR D T A — RE+ 25 ETco, BERMAL RS
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