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ABSTRACT

Spermatogenesis is initiated from spermatogonial stem cells (SSCs) that has an ability of self-renewal and unipoten-
cy to generate differentiating germ cells. The objective of this study is to develop the simple method for derivation
of SSCs using non-sorting of both spermatogonia and feeder cells. Simply uncapsulated mouse testes were treated with
enzymes followed by surgical mincing, and single cells were cultured in stempro-34™" cell culture media at 37°C. After
5 days of culture, aciniform of SSC colony was observed, and showed a strong alkaline phosphatase activity. Mo-
lecular characterization of mouse SSCs showed that most of the mouse SSC markers such as integrin a6 and B1,
CD9 and Stra8. In addition, pluripotency embryonic stem cell (ESC) marker Oct4 were expressed, however Sox2
expression was lowered. Interestingly, expression of SSC markers such as Vasa, Dazl and PLZF were stronger than
mouse ESC (mESC). This data suggest that generated mouse SSCs (mSSCs) in this study has at least similar bio-
markers expression to mESC and mSSCs derived from other study. Immunocytochemistry using whole mSSC colony
also confirmed that mSSCs generated from this study expressed SSC specific biomarkers such as c-kit, Thyl, Vasa and
Dazl. In conclusion, mSSCs from 5 days old mouse testes were successfully established without sorting of sperma-
togonia, and this cells expressed both mESC and SSC specific biomarkers. This simple derivation method for mSSCs
may facilitate the study of spermatogenesis.
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Table 1. Primers used for the reverse transcription-polymerase chain reaction (RT-PCR)

Gene Forward primer Reverse primer Size
Integrin- a 6 5-CAGGCCTTCTCCGTCAAATA-3 5-AGGAGTCGCGGGATATCTTT-3 503 bp
Integrin- B 1 5-CCTACTTCTGCACGATGTGA-3’ 5-CACCTTCTGGAGAATCCAAG-3 577 bp

CD9 5-AGTGCATCAAATACCTGCTCTTC-3 5-CTTTAATCACCTCATCCTTGTGG-3 330 bp

Stra8 5-GCCAGAATGTATTCCGAGAA-3 5-CTCACTCTTGTCCAGGAAAC-3 651 bp

Dazl 5-GCTGATATTTTGCCCAATGAA-3 5-ATGCTTCGGTCCACAGACTT-3 89 bp

PLZF 5-CCACCTTCGCTCACATACAG-3 5-TGTGGCTCTTGAGTGTGCTC-3 89 bp

Vasa 5-CCAAAAGTGACATATATACCC-3 5-TTGGTTGATCAGTTCTCGAG-3 417 bp

Oct4 5-GCGTTCTCTTTGGAAAGGTGTTC-3 5-CTCGAACCACATCCTTCTCT-3 312 bp

Sox2 5-CCCCCGGCGGGAACAGCA-¥ 5-TCGGCGCCGGGGAGGTACAT-3’ 448 bp

GAPDH 5-CACTCAAGATTGTCAGCA-3' 5-CATACTTGGCAGGTT-3' 339 bp
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Table 2. Anti-bodies used for the western blot (WB) and immunocytochemistry (ICC)

Gene Company Catalog No. Dilution rate Use
Oct4 Santa Cruz Biotechnology SC-5279 1:1,000 WB
PLZF Santa Cruz Biotechnology SC-22839 1:1,000 WB
Dazl Santa Cruz Biotechnology SC-27999 1:1,000, 1:100 WB, ICC
c-kit Santa Cruz Biotechnology SC-5535 1:100 ICC
Thyl Santa Cruz Biotechnology SC-6071 1:100 ICC
Vasa Santa Cruz Biotechnology SC-48707 1:100 ICC
B-actin Santa Cruz Biotechnology SC-47778 1:1,000 WB
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Fig. 1. Morphological characteristics of mouse spermatogonial st-
em cells (mSSCs) at 5 days post-culture of mixed total testicular
cells. (A) Colony formation of mSSC, and (B) alkaline phosphata-
se (AP) staining of mSSC colony.
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Fig. 2. Characterization of mouse spermatogonial stem cells (mS-
SCs) produced from total testicular cell culture. (A) Reverse tran-
scription-polymerase chain reaction (RT-PCR) analysis of mSSC,
mouse embryonic stem cells (mESCs) and mouse embryonic fibro-
blast (mEF) with mSSC markers (integrin a6, 1, CD9, Stra8,
Dazl, Vasa and PLZF), pluripotent markers (Oct4 and Sox2), and GA-
PDH was used as the loading control. (B) Western blot analysis
of mSSC compared with both mESC and mEF using Oct4, Dazl,
and PLZF antibodies. Beta-actin was used as the protein loading
control.
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Fig. 3. Immunocytochemistry of mSSC colonies with c-kit, Thyl,
Vasa, and Dazl antibodies. The upper panel shows expression of
specific marker proteins, the middle panel demonstrates the loca-
tion of nuclei stained by DAPI, and the bottom panel shows the
merged images of both markers and nuclei.

bayashi 5, 2009). Z=3h, Thylo] &&H AEol|A = ALY
=71ME FAIJAR] Vasa®t PLZF7F sAlol g

B 1313 THReding &, 2010). A Z71A3E 24 Q1A



EAHAAE WYS
ek A97F A& 9lov, Phillips & (2010)°l s}
W oojg] AFxIEe] o AH AY E7|AM¥E= mtegrm

= o
o= E

a6, integrin 31, Thyl, CD9, GFRal I3 51,

CD51, c-kit, CD45 52 @ds#] &= AE HHys)
3 slon ZAdgel EALA} e e g

thar B8tk (Phillips 5, 2010). ¥ AgtellA= AH
A Ao AYUATE wrE Hoglstdel wHog B

23t 8L, Sertoli MES}F Leydig A|Z7k 15]-51 A2
Aol gHore Fo 49 FAALE ARskgon

g A E7 ]H]J_Oﬂ A Oct4, Thyl Vasa, Dazl 59

=

ekl %7]/‘1] FARIAP HAghe glstaith o] H g
A= 2 Oﬂ:rLoﬂ/\ﬂ sely A9 =7\ 427 AR FA

?Jrzq g e ATl ;@%X‘P—i ARgE 5 913— 7}

AAFSRAL Qithal AlmEth S, AYAMEe]
‘31015 Ak Az ete] Y-S Fall
ﬁ%&gi 4 2 AEE 29
O

= H
A}S]

B2
st

O

A

=
-

al
Q7] XM g =7|Mx &
mpr0—34 O]‘ﬂ o] HH"“”Oﬂ/ﬁ
HE A= A2 A5 A °J Eﬂ*ﬂi =2

oﬂ CD34°ll o] A3 Niﬂﬂ xﬂ?ﬂﬂ &
= /‘V\Po}i Ak & Oﬂ—_rLoﬂ M= A gﬂ/ﬂl
stempro-34"™" kel Z71 0] A %O]E._QE =
W, AAAEE o]8 QL i el AlEEe
]Eloqk‘ 1, o]+ stempro-34™ kel 9]0
AAfell o)t FFom AbmHrh Fa el 7]
Al % CD347} Hd g Axe AAAxEe] F7] vl
+ ]/\]?]Ui(Klm 5, 2008), CD347} U= FE H
NAAEAA A EVAEE GRS o Xé% =
7| Az 2] A 3} ]::ﬁr FE7E Aol Barsan gtk

o7

N, |

iy

rr ot l

S
N,
0£>'E031

>,

i,
}-H o rlo

S o L oM > Bt = ofd rlo
_(.)|L
QT
ozi _lSZ |

Xu 5, 2006). B3k ZolA Ax o AAES AAA
xR ol gs] mget FAAEE AAA oF 45U H&
Hj kol A@gcks ®avl 9lo}(Fujihara &, 2011), E4
Frefl v AAMETE AAMNEEA D S7]AES] G4
2 FA] wekel T AR AbmETh w}aw 2 AT
]}\1 /\]__Q_E] 145\_ /ﬂ]._LA iqﬂl —‘—HHOk H]— o &Eﬂo]
Y E7IAE o =S = Ao *MHEL &+
Xé%i S7AEE 83 A FAIE A9 FXol
Tee E or Agdy

1. Aponte PM, van Bragt MP, de Rooij DG, van Pelt
AM (2005): Spermatogonial stem cells: characteris-
tics and experimental possibilities. Apmis 113:727-
742.

. Brinster RL, Zimmermann JW (1994): Spermatoge-
nesis following male germ-cell transplantation. Proc
Natl Acad Sci USA 91:11298-11302.

. Clermont Y (1972): Kinetics of spermatogenesis in
mammals: seminiferous epithelium cycle and sper-
matogonial renewal. Physiol Rev 52:198-236.

10.

11.

12.

13.

14.

15.

16.

17.

147

. Dann CT, Alvarado AL, Molyneux LA, Denard BS,

Garbers DL, Porteus MH (2008): Spermatogonial st-
em cell self-renewal requires OCT4, a factor down-
regulated during retinoic acid-induced differentia-
tion. Stem Cells 26:2928-2937.

. Fujthara M, Kim SM, Minami N, Yamada M, Imai

H (2011): Characterization and in vitro culture of
male germ cells from developing bovine testis. ]
Reprod Dev 57:355-364.

. Goel S, Sugimoto M, Minami N, Yamada M, Kume

S, Imai H (2007): Identification, isolation, and in vi-
tro culture of porcine gonocytes. Biol Reprod 77:127-
137.

. Kanatsu-Shinohara M, Inoue K, Ogonuki N, Mori-

moto H, Ogura A, Shinohara T (2011) Serum- and fee-
der-free culture of mouse germline stem cells. Biol
Reprod 84:97-105.

. Kanatsu-Shinohara M, Ogonuki N, Inoue K, Miki

H, Ogura A, Toyokuni S, Shinohara T (2003): Long-
term proliferation in culture and germline transmi-
ssion of mouse male germline stem cells. Biol Re-
prod 69:612-616.

. Kim J, Seandel M, Falciatori I, Wen D, Rafii S

(2008): CD34+ testicular stromal cells support long-
term expansion of embryonic and adult stem and
progenitor cells. Stem Cells 26:2516-2522.
Kobayashi H, Nagao K, Nakajima K, Miura K, Ishii
N (2009): Thy-1" cells isolated from adult human
testicular tissues express human embryonic stem cell
genes OCT3/4 and NANOG and may include sper-
matogonial stem cells. Reprod Med Biol 8:71-77.
Liu S, Tang Z, Xiong T, Tang W (2011): Isolation
and characterization of human spermatogonial stem
cells. Reprod Biol Endocrinol 9:141.

Meistrich ML (1993): Effects of chemotherapy and
radiotherapy on spermatogenesis. Eur Urol 23:136-
141.

Nagano M, Avarbock MR, Leonida EB, Brinster CJ,
Brinster RL (1998): Culture of mouse spermatogo-
nial stem cells. Tissue Cell 30:389-397.

Nagano M, Brinster CJ, Orwig KE, Ryu BY, Avar-
bock MR, Brinster RL (2001): Transgenic mice pro-
duced by retroviral transduction of male germ-line
stem cells. Proc Natl Acad Sci USA 98:13090-13095.
Oakberg EF (1956): A description of spermiogenesis
in the mouse and its use in analysis of the cycle of
the seminiferous epithelium and germ cell renewal.
Am ] Anat 99:391-413.

Pesce M, Wang X, Wolgemuth D], Scholer H (1998):
Differential expression of the Oct-4 transcription
factor during mouse germ cell differentiation. Mech
Dev 71:89-98.

Phillips BT, Gassei K, Orwig KE (2010): Spermato-
gonial stem cell regulation and spermatogenesis. Phil



148

18.

19.

20.

Trans R Soc B 3651663-1678.

Reding SC, Stepnoski AL, Cloninger EW, Oatley JM
(2010): THY1 is a conserved marker of undifferen-
tiated spermatogonia in the pre-pubertal bull testis.
Reproduction 139:893-903.

Ryu BY, Orwig KE, Oatley JM, Lin CC, Chang L],
Avarbock MR, Brinster RL (2007): Efficient genera-
tion of transgenic rats through the male germline
using lentiviral transduction and transplantation of
spermatogonial stem cells. ] Androl 28:353- 360.
Sato T, Katagiri K, Yokonishi T, Kubota Y, Inoue K,
Ogonuki N, Matoba S, Ogura A, Ogawa T (2011): In
vitro production of fertile sperm from murine sper-
matogonial stem cell lines. Nat Commun 2:472.

o

o
ofrt

21.

22.

23.

Tadokoro Y, Yomogida K, Ohta H, Tohda A, Nishi-
mune Y (2002): Homeostatic regulation of germinal
stem cell proliferation by the GDNF/FSH pathway.
Mech Dev 113:29-39.

van Pelt AM, Morena AR, van Dissel-Emiliani FM,
Boitani C, Gaemers IC, de Rooij DG, Stefanini M
(1996): Isolation of the synchronized A spermatogo-
nia from adult vitamin A-deficient rat testes. Biol
Reprod 55:439-444.

Xu FC, Wu SH, Guo Y, Mei XM (2006): Prolifer-
ation and undifferentiation of spermatogonial stem
cells in vitro. Sichuan Da Xue Xue Bao Yi Xue Ban
37:625-628.

(Received: 11 September 2013/ Accepted: 25 September 2013)



