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Fig. 1 Several possible ways to generate female germline stem cells in mammals
B 1 MR A A T RAE R L& AT e R IR
(a) SR TR RS L. (b) SRUE T S 2 A8 T4, (o) SRVE TG . (d) SR T e s L 41 .



+ 1084 - SMFEEMYIRER

Prog. Biochem. Biophys. 2013; 40 (11)

AT 2 BAT WB WAL P LD RERRIEWR? 541,
—UEREE R R, BRI R AN BE R e
AT 2y AL BRI 1) 52 A M BB AT A0 DR BT
IR A€ R EOGE OB BEThRE, JF itk
A LA 52 AN U A 7 RE 7.

c. fEIEW HZMPILRET, S 7 BT
(KIGN LIRS, R B R Lk BN SR i L
B2 AR TE A M Re 0k N L, DRI e AT T T e
T A1 AR AE R,

d. Reizel 5P G 40 i 2R & 7 W IN AL, £
SERRANZ A /N B A O BR A0 R F P 20 - 3 ot AT
)BT B, ELAE ARG I 0l A A W A 2201
RIXLEAN R TR, BFril, XA
L1 P 1K) B B 40 S A 34 10 A T4
P I A B A0 M R JE AR i AN R REYR A
40 1.

4 TMFGSCs R

100 242k, A7 % N H A S5 HE 1 A= 58 4t i
MRS R et — AT, 5L7E 20 28,
Allen %5 F1 Bvans SFP9ghf5 . 76 1E W H & A
I, ARG bR A0 PR B b3 I 30T R O S
BRI A A B ORE 4N O K B MY N . 1995 4,
Bukovsky 45 5030 % Il R AF 22 M K B9 SR b
(ovarian surface epithelium, OSE) 7] & J&: 4= 58 41 i 17
/NSRRI, B SCHR H AR Lo B S R A 2
WAEFR LI, T2 — N RERERET 201 ) RE S 5
B A&, Bukovsky ik KL, 7 U9 1) H FH
U BEAH B 55 J5U 4 RORL 40 I IR 4 2BE R 8 A B A
RV, AR D A RO 0 AT A B 0 AL A
ON S R4 Aok, SR, Notarianni®
WA, FIRAFFFERL 03 SIrh fy fA AR 5% O SR 1R |
FERTAEERTS “ ONBEAE O RE R 4B BUEdE A
WOKT R 4 M 7V 2 4 — 2 AR B 5 45
FEITRT A0 P S A DA A A2 O B M DAL E N2, DR R
JIT VR PR32 B T R A 40 L B JHC B e e e A
3 AR R T B A ) 440 .

BRI, 2T 2012 4, White ZE0O F 38 2 1 B
BRI B B T KI5 DDX4 1 N M 2R 4
41 Jfy(human female germline stem cells, hFGSCs).
F 31X 48 hFGSCs i 5 21 7™ 2 I 15 9o 152 B B /s B
(NOD-SCID) & N & B il i g Jed . BE S 1 & %
GFP 5L 1) hFGSCs 11 4 21\ 28 G 5 4k Bz 41 24 B
W, R I e 4 B S AR 154 31 NOD-SCID #fE 1k

AN, 7~ 14 K5 WCER 642 O SR I R B8 43 B
YA AE AR ) GFP BH A BRREZ0 i, S5 4 D)
BeAUOOL A AR NS OP LA AR IE
WAEHDRE R U0 AR H, (HAEX RS R
hFGSCs {48 A KM AT T 98080 24 72 A2 T Thie
PERIOE BRI AL, XA JIUERH T hFGSCs 1775 [ BL5E
PE. SR, Oatley Z5HI%} White 2R 7 45 FL 4
T T

a. 1K hFGSCs 771 1) 5 B B4 2 L7 AR
TE 5 UREN 0 (K B 7. White 2095 1 1 1 OR-BESH
PRLEAT AR DG AN R D BE4H BT 2k 1 S
FRicH). BT DNA & & ocas. A1
AP O IX SO A M A5G . S RE ST THIAH O
AR PR P,

b OFBEN M AEHE B AT 28 58 AR — I B
24 HAE BHAFAT 28 koo 2 rp b, e v 1 A=
BTG N SRR (51 BEAH B AN & A, B 52 G
SR O RE 4 M 58 BB U ER Sy 4 [ I T BB
A, MRS OF SRR AT ) ARG . BRRESE
TEAAR N MRBEA LA AR IRRAS . BTLL, White
SOOI TR T — i E R A A O REA 2
N DL [ g ) e,

BESHEE AT, White 252990 S LLRT IR BIF 5% 45
SREZ 0, MEPEHFLAN )R N I 2D AR B A T e
AR R AR L B A I8 I s 8 o) 24%
AR U REAN A, (ELR] IR AR A A R b alobe 5 75
hFGSCs Ji 7™ A= SR A5 A4 11 G BEGH i A 2 36 10 11

.
5 B =

FEREPESH YT, H AT RS T4, H
REMSAE SR N P L GBS 1, XA B T
SERTIEAG WO EEREIEIT IR TR A S it T
AIRE. (HZMETESIIAIANR. R MEE S R A
A KR, AT . kE, HAL
A NBASZ G0 7 RENS N RSN, H e iX—4
BENLERIK) TR IFANEA, 1T O B I B2 B
LR ) SR P RS DAL, RS R OR
USRI A R E Y SJRIG TRER
FERGIAER. H AR “ORXSEOE” ik
AT PRI OF 7 T TGO A, IXAEAEVF 2 A
gz b, Mg 2B, gark, HORMENE
SR A BN eI — S O E. IX AR
T RE A i ORI A 3] A A A A B i 8 5 HE B ATL



2013; 40 (11)

HER, & WMMIANYEETRE: EFWUPETH

* 1085 -

TR UL AT RE, AT A TR IR RS B ok
Y5 R RE 22, InId AR BE AR ) 2RI UG Ak
KIE.
B L R ROk 2, NBRAEATE M
P I LB kB, AT B AR T AR
ARG, AR A FA I FL B P 75 DR i 2 2
R AR 2B R VE 2 AR IR S s, R
& Wi T 41l Y (embryonic stem cells, ESCs){EifiJ7
ANETTIAA ) RN A, HWARAE L )
A, EuEYE. U E ESCs (1 U1 BEAH HOFE 48 R AE 98
oy R FAAEAE B (K] 1a). 2R T4
Jd (induced pluripotent stem cells, iPSCs) 2 i - 8
REMELEAR NG 30T i N e 3 M 1) B B E 40 i
TR ZHE(E 10), H O fE /R IR s The,
{H &5 BEELIE I 2 R AT SR AN E ™. AR, >k
A PN S FGSCs WK A7 7T Bt e Lk i)
R T T I RGBT RS R (B Le).
Jihh, R RENS A EE 1 8 P AT RE A AE R Dl RE b
FGSCs LAy &5, %1503 H i AH 50 11697
L B AT AR ST R A 1.

HAT, % FGSCs TEIIIEAZ, FE9HLIRIK
ERHZ T, VP2 HAR FRIMES b1 e 875 2 k.
B, KB CRITE SR FGSCs 515, VA IX 4
0 B A AR BR 7 A O RE A0 R0 e, T R
FGSCs 7 7L )y fig 11 91 E 40 )0 (1) OC B VA5 5 Tl i
DA 5 15 43 85 FGSCs JA8 H e 4k % 51 BE 41 i 1)
M.

34k, WA A I FL B ) O L o BRI AN 2 R
5558 A A2 1E FGSCs F A&, FGSCs If 4 TH
W R VF R RSN IR IR ISR, T EAT) R BB
T RE AR IEH 2 AT N AT REREBH A 100, SRR
XA, TRAERBR R FGSCs [MBHIEAIEE . A JLR I
FGSCs [f) T fE LL K FGSCs Y 5L J5U (¥ FE R 503
A B LR,

s % X W

[1] Pearl R, Schoppe W E. Studies on the physiology of reproduction in
the domestic fowl. J Exp Zool, 1921, 34(1): 101-118

[2] Allen E, Creadick R N. Ovogenesis during sexual maturity. The
first stage, mitosis in the germinal epithelium, as shown by the
colchicine technique. The Anatomical Record, 1937, 69 (2): 191—
195

[3] Rudkin G T, Griech H A. On the persistence of oocyte nuclei from
fetus to maturity in the laboratory mouse. J Cell Biol, 1962, 12(1):
169-175

[4] Borum K. Oogenesis in the mouse. A study of the origin of the

mature ova. Exp Cell Res, 1967, 45(1): 39-47

[5S] Peters H, Crone M. DNA synthesis in oocytes of mammals. Arch
Anat Microsc Morphol Exp, 1967, 56(3): 160-170

[6] ZE4E%, Mthae, w) de. B0 A%, ALt RS R AL,
2013:31-35
Ji W Z, Yang S H, Si W. Reproduction and Breeding of Rhesus
Monkey. Beijing: Science Press, 2013: 31-35

[7]1 Johnson J, Canning J, Kaneko T, et al. Germline stem cells and
follicular renewal in the postnatal mammalian ovary. Nature, 2004,
428(6979): 145-150

[81 Zou K, Yuan Z, Yang Z, et al. Production of offspring from a
germline stem cell line derived from neonatal ovaries. Nat Cell
Biol, 2009, 11(5): 631-636

[9] Johnson J, Bagley J, Skaznik-Wikiel M, et al. Oocyte generation in
adult mammalian ovaries by putative germ cells in bone marrow
and peripheral blood. Cell, 2005, 122(2): 303-315

[10] White Y A, Woods D C, Takai Y, et al. Oocyte formation by
mitotically active germ cells purified from ovaries of reproductive-
age women. Nat Med, 2012, 18(3): 413-421

[11]Hay B, Jan L'Y, Jan Y N. A protein component of Drosophila polar
granules is encoded by vasa and has extensive sequence similarity
to ATP-dependent helicases. Cell, 1988, 55(4): 577-587

[12] Styhler S, Nakamura A, Swan A, et al. vasa is required for
GURKEN accumulation in the oocyte, and is involved in oocyte
differentiation and germline cyst development. Development, 1998,
125(9): 1569-1578

[13] Schupbach T, Wieschaus E. Germline autonomy of maternal-effect
mutations altering the embryonic body pattern of Drosophila. Dev
Biol, 1986, 113(2): 443-448

[14] Gruidl M E, Smith P A, Kuznicki K A, et al. Multiple potential
germ-line helicases are components of the germ-line-specific P
granules of Caenorhabditis elegans. Proc Natl Acad Sci USA, 1996,
93(24): 13837-13842

[15] Yoon C, Kawakami K, Hopkins N. Zebrafish vasa homologue RNA
is localized to the cleavage planes of 2- and 4-cell-stage embryos
and is expressed in the primordial germ cells. Development, 1997,
124(16): 3157-3165

[16] Fujiwara Y, Komiya T, Kawabata H, et al. Isolation of a DEAD-
family protein gene that encodes a murine homolog of Drosophila
vasa and its specific expression in germ cell lineage. Proc Natl
Acad Sci USA, 1994, 91(25): 1225812262

[17] Telfer E E, Gosden R G, Byskov A G, et al. On regenerating the
ovary and generating controversy. Cell, 2005, 122(6): 821-822

[18] Bristol-Gould S K, Kreeger P K, Selkirk C G, et al. Fate of the
initial follicle pool: empirical and mathematical evidence
supporting its sufficiency for adult fertility. Dev Biol, 2006, 298(1):
149-154

[19] Pacchiarotti J, Maki C, Ramos T, et al. Differentiation potential of
germ line stem cells derived from the postnatal mouse ovary.
Differentiation, 2010, 79(3): 159-170

[20] Reizel Y, Itzkovitz S, Adar R, et al. Cell lineage analysis of the
mammalian female germline. PLoS Genet, 2012, 8(2): ¢1002477



+ 1086 SMFEEMYIRER

Prog. Biochem. Biophys. 2013; 40 (11)

[21] Bukovsky A, Caudle M R, Svetlikova M, et al. Oogenesis in adult
mammals, including humans: a review. Endocrine, 2005, 26 (3):
301-316

[22] Woods D C, Telfer E E, Tilly J L. Oocyte family trees: old branches
or new stems?. PLoS Genet, 2012, 8(7): €1002848

[23] Zhang Y, Yang Z, Yang Y, et al. Production of transgenic mice by
random recombination of targeted genes in female germline stem
cells. T Mol Cell Biol, 2011, 3(2): 132-141

[24] Hu Y, Bai Y, Chu Z, et al. GSK3 inhibitor-BIO regulates
proliferation of female germline stem cells from the postnatal
mouse ovary. Cell Prolif, 2012, 45(4): 287-298

[25] Notarianni E. Reinterpretation of evidence advanced for neo-
oogenesis in mammals, in terms of a finite oocyte reserve. J Ovarian
Res, 2011, 4(1): 1-20

[26] Abban G, Johnson J. Stem cell support of oogenesis in the human.
Hum Reprod, 2009, 24(12): 2974-2978

[27] Zhang H, Zheng W, Shen Y, et al. Experimental evidence showing
that no mitotically active female germline progenitors exist in
postnatal mouse ovaries. Proc Natl Acad Sci USA, 2012, 109(31):
12580-12585

[28] Woods D C, White Y A, Tilly J L. Purification of oogonial stem
cells from adult mouse and human ovaries: an assessment of the
literature and a view toward the future. Reprod Sci, 2013, 20 (1):
7-15

[29] Mathe G. Immunity aging. I. The chronic perduration of the thymus
acute involution at puberty? Or the participation of the lymphoid
organs and cells in fatal physiologic decline?. Biomed Pharmacother,
1997, 51(2): 49-57

[30] Bukovsky A, Caudle M R, Svetlikova M, et al. Origin of germ cells
and formation of new primary follicles in adult human ovaries.
Reprod Biol Endocrinol, 2004, 2(1): 20-30

[31] Bukovsky A, Keenan J A, Caudle M R, et al. Immunohistochemical
studies of the adult human ovary: possible contribution of immune
and epithelial factors to folliculogenesis. Am J Reprod Immunol,
1995, 33(4): 323-340

[32] Bukovsky A. Oogenesis from human somatic stem cells and a role
of immune adaptation in premature ovarian failure. Curr Stem Cell
Res Ther, 2006, 1(3): 289-303

[33] Lee H J, Selesniemi K, Niikura Y, et «l. Bone marrow
transplantation generates immature oocytes and rescues long-term
fertility in a preclinical mouse model of chemotherapy-induced
premature ovarian failure. J Clin Oncol, 2007, 25(22): 3198-3204

[34] Begum S, Papaioannou V E, Gosden R G. The oocyte population is
not renewed in transplanted or irradiated adult ovaries. Hum
Reprod, 2008, 23(10): 2326-2330

[35] Eggan K, Jurga S, Gosden R, et al. Ovulated oocytes in adult mice
derive from non-circulating germ cells. Nature, 2006, 441 (7097):
1109-1114

[36] Bukovsky A. Can ovarian infertility be treated with bone marrow-
or ovary-derived germ cells?. Reprod Biol Endocrinol, 2005, 3(1):
36- 38

[37] Selesniemi K, Lee H J, Niikura T, et al. Young adult donor bone
marrow infusions into female mice postpone age-related
reproductive failure and improve offspring survival. Aging (Albany
NY), 2009, 1(1): 49-57

[38] Evans HM, Swezy O. Ovogenesis and the normal follicular cycle in
adult mammalia. Cal West Med, 1932, 36(1): 60

[39] Bukovsky A, Svetlikova M, Caudle M R. Oogenesis in cultures
derived from adult human ovaries. Reprod Biol Endocrinol, 2005,
3(1): 17-29

[40] Woods D C, Tilly J L. The next (re)generation of ovarian biology
and fertility in women: is current science tomorrow's practice?.
Fertil Steril, 2012, 98(1): 3-10

[41] Oatley J, Hunt P A. Of mice and (wo)men: purified oogonial stem
cells from mouse and human ovaries. Biol Reprod, 2012, 86 (6):
1-2

[42] Jfy s, 16 B, IO IR R A S6 AR M poo™ L5 O REAE My
IREY R RS SR B, 2002, 29(4): 506-509
Fan H'Y, Tong C, Sun Q Y. Prog Biochem Biophys, 2002, 29(4):
506-509

[43] Longo F J. An ultrastructural analysis of spontaneous activation of
hamster eggs aged in vivo. Anat Rec, 1974, 179(1): 27-55

[44] Xu Z, Abbott A, Kopf G S, et al. Spontaneous activation of
ovulated mouse eggs: time-dependent effects on M-phase exit,
cortical granule exocytosis, maternal messenger ribonucleic acid
recruitment, and inositol 1, 4, S-trisphosphate sensitivity. Biol
Reprod, 1997, 57(4): 743-750

[45] Novak I, Lightfoot D A, Wang H, et al. Mouse embryonic stem
cells form follicle-like ovarian structures but do not progress
through meiosis. Stem Cells, 2006, 24(8): 1931-1936

[46] Tedesco M, Farini D, De Felici M. Impaired meiotic competence in
putative primordial germ cells produced from mouse embryonic
stem cells. Int J Dev Biol, 2011, 55(2): 215-222

[47] Hayashi K, Ogushi S, Kurimoto K, et al. Offspring from oocytes
derived from in witro primordial germ cell-like cells in mice.
Science, 2012, 338(6109): 971-975

[48] {4, T4, ARAT, &5, U5 2 29 Be T AR iPSCs) T 5
e, A tss 5 Py PRI, 2011, 38(2): 101-112
FuY H, Zhou X M, Xu F Q et al. The Prog Biochem Biophys,
2011, 38(2): 101-112

[49] Marques-Mari A 1, Lacham-Kaplan O, Medrano J V, et al.
Differentiation of germ cells and gametes from stem cells. Hum
Reprod Update, 2009, 15(3): 379-390

[50] Tilly J L, Telfer E E. Purification of germline stem cells from adult
mammalian ovaries: a step closer towards control of the female

biological clock?. Mol Hum Reprod, 2009, 15(7): 393-398



2013; 40 (11) FER, % WM YEETHERE: A5 Par « 1087 ¢

Germline Stem Cells in Female Mammals: Moving on in Controversy”

CHEN Zhong-Liang, YANG Shi-Hua™
(Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500, China)

Abstract Whether germline stem cells exist in postnatal female mammal ovaries has been disputed for more than
one hundred years and not conclusive yet. In 2004, researchers found and isolated female germline stem cells
(FGSCs) from postnatal mice, which challenged the viewpoint of existing nearly half a century that the bank of
oocytes in ovaries will be never renewed in postnatal mammal female. And then a lot of researches not only
pointed out that the de novo oocytes derived from FGSCs, but also found that if the FGSCs were delivered back
into adult ovaries, they were capable of generating functional eggs produced healthy offsprings. However, some
groups repeated or designed experiments carefully, but they did not get the same or even opposite results. Recently,
some researchers announced that they had purified FGSCs from ovaries of reproductive-age women, which could
produce functional oocytes in vivo and in vitro, but the fertilization competency of these oocytes still need to be
clarified. Therefore, this paper reviews the study history of mammalian FGSCs, the long-standing controversy as
well as prospects for the future use of these FGSCs.
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