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Functional analysis of mouse Nanos2 in male embryonic

germ cells
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Germ cells are highly specialized for transmitting genetic information to the
next generation. In the mouse, primordial germ cells (PGCs) are segregated from the
somatic cell lineage at an early gastrulation stage. After the formation of PGCs, they
continue to proliferate and migrate through somatic tissues to reach the gonad. Although
germ cells are sexually bi-potential at the migrating stage, after their colonization in the
gonad, the interactions between the germ cells and somatic cells regulate the
sex-specific development and differentiation of the germ cells; the female germ cells
enter into meiosis and proceed to the diplotene stage of meiotic prophase I, whereas the
male germ cells become arrested at G1/G0 and undergo genome-wide DNA methylation
and paternal imprinting. In 2006, it was reported that somatically produced retinoic acid
(RA) induces an RA-responsive gene Stra8 in female germ cells and that this in turn
initiates meiosis in the embryonic ovary. By contrast, in the embryonic testis, RA is
degraded by a metabolizing enzyme Cyp26bl before it reaches to the germ cells. Thus,
although some factors regulating the sex)-speciﬁc phenotype of male and female germ
cells are beginning to be revealed, the molecular basis of the sex determination of germ
cells is largely unknown.

Nanos is one of the evolutionarily conserved proteins known to be involved in germ cell
development. The mouse has three Nanos gene homologues (Nanosl-3), in which
Nanos2 and Nanos3 are essential for germ cell development. Nanos2 mRNA is first
detected in male germ cells that have colonized in the embryonic gonad at around E13.5,
~when germ cells begin to interact with gonadal somatic cells. Although Nanos2 mRNA
is transiently down-regulated at later embryonic ‘ stages, it is again detected in
. spermatogonia at 1 week after birth. When Nanos2 was disrupted by the gene knockout
technology, the Nanos2-null male mutants showed a complete loss of germ cells due to
apoptosis that occurred as early as E15.5. No phenotype was observed in the
Nanos2-null female mutants.
To reveal the male-specific functions, other than the suppression of apoptosis, of Nanos2,
I first investigated the effects of the Nanos2 knockout on the sexual differentiation of
male germ cells. I found that the Nanos2-null male germ cells do not undergo cell-cycle
arrest and continue to proliferate. Interestingly, a meiosis-specific marker Scp3 was
highly up-regulated in these male germ cells. Since it was difficult to analyze the
developmental fate of Nanos2-null male germ cells due to the apoptosis caused by the
mutation, I tried to suppress it by introducing a mutation in the pro-apoptotic factor Bax.
Once the apoptosis was successfully suppressed, the Nanos2-null male germ cells
formed axial-cores along the chromosomes, a meiosis-specific nuclear morphology, and
proceeded at least to the zygotene stage of meiotic prophase I. These cells expressed not
only Scp3 but also another meiosis-specific marker Dmcl, further supporting the notion
that Nanos2-null male germ cells entered into meiosis. Next, I attempted to express
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Nanos2 ectopically in the female embryonic germ cells. In the Nanos2-expressing
female germ cells, I observed disruption of the axial-core formation and induction of
other events specific to the male germ cells, including the up-regulation of TDRD1 and
Dnmt3L, enlarged nuclear morphology, and suppressed di-methylation of histone H3
Lys9. These data suggest that Nanos2 promotes male germ cell differentiation by
preventing meiosis. Moreover, I found that Stra8, a key factor involved in the initiation
of meiosis, is normally suppressed by Nanos2 in male germ cells. In addition, a forced
expression of Nanos2 suppressed Stra8 even in female germ cells. These data indicate
that Nanos2 prevents male germ cells from entering meiosis via suppression of RA
signaling. )

Next, I tried to reveal the molecular action of Nanos2. Although Nanos is known to
co-localize with Tudor and Vasa and function to maintain germ cells in Drosophila, I
found that Nanos2 does not co-localize with their mouse homologues TDRD1 and MVH.
Instead, Nanos2 localized to P-bodies, the central place for RNA degradation. I also
found that the number and size of P bodies were not changed in Nanos2-null male germ
cells, suggesting that Nanos2 is not involved in the assembly of P-bodies. To reveal the
function of Nanos2 in P-bodies, I identified some Nanos2-interacting mRNAs: one of
them was found to be Stra8 mRNA. These data suggest that Nanos2 transports Stra8
mRNA to P bodies, resulting in its degradation and then suppression of meiosis. Taken
together, my present results suggest that Nanos2 plays a critical role in establishing the
sexual identity of male germ cells via RNA degradation.
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BABEOREBRBICBWT., BMOEBEICHEL ZBRFEEFEMEHEEDI RN BT
THOIHLT. #OEBBICHELZbORX—BMRAMNZEZESLETS. 20X 4%
X, BHEBEALN S B EINIEBRERNEI T FINCEoTHEEIND T EBASN
T3, TOBROEBMBTEZ 2EMEOS FHRHERITHATH S, FFEMmNIT
BT, HAREEIZ. SUADORNAKEASEBRED | DTH S Nanos2 WWEEMBO DL
ZHETIEERRFTHDH I EEZHLNILE, '

< A D Nanos?2 WX EMOREEFEMBICREL. TO /v I 7RI TUAOHE.
EREMBENT R = AL TRRKT27ZOREERE, KRB, £T /907D
Fw ZDOEFICED. (1) Nanos?2 BWIAEM OBEEFEMRICB W TT R b= AT
TR BESHEBMHELTNVWB I EEZRLE. 2O L, HEEERRICEREIREER S
7 Nanos2 WIEERBERAHENHTLENSBXFINZ ET B BIRECZ
£z, (2) Nanos2 ZUMf#AERMIICHERE TS &, HEEBEHRARICHERNBT -0 —
BEFRIV/OIFIEMEZFUATHIIEND Mok, TOF R, Nanos2 £ O
HHESCICEDOZEERRTTHDIEERBLTWVNS, I5HIT, /vy ITTIIYTA
RREIRREIVAOHEFN S, () BEHSHERETDVF /) A BTV F IV Nanos?

ORBEENHTZ &, Hic, Nanos2 BVF /A VBV FIVOTRICH > THRES R
ERAET S Stra8 ZMHT B2 ENDDok, TORKRED LI, BAEE. EAHANE
OUESIEOHTFEBICETAIHZARETINERELE, B#EIZ, (4) Nanos2 IZ RNA @ 57
BIZEDSMBERNEEY TH S P-body ICREL. Stra8 2 EOEKEET O nRNA &
HMEERTDZZET, TS5 OB % post-transcriptional KMETHTHAO> &
EZRLE. CNSDORENS, Nanos2 11X, RNMAORBEN L THRESHERZAFT D LA
BIZ. EEMEOEEMEEFEE TSI EEZI SN,

EEBLETIDRXEZEEL. XU ADOEBEMEOMEIZB T S Nanos2 O&E L 4E
FEFICET MR EZREHESE. £EMAROEMEICIDVWTSROHFEDORES &
BBEEBRETFNEREBTICESEILEZ2ELSEML. FREROZMOKEZ+H
HETHmXTHD EHWL .
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