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WE: HAENMNGRYFREEEOREMHAT . GG 58EREY . FRTAM (SSCs) 2 M)
WIYERRAEBARE D IOIRAS, BEfEiE { R EH AT AN, thAsEE ML ERE T, E/NEERE (Ailurus
fulgens) BSAALRY 7 LA T Fal (S FH AT 5t o B0 58 AU rbokG I T A A8 Al D, o B il SR A1 B 30t
FHMRMBMAEREE, AFAEFESE a6 UTGA6) HAEARETHRS Fhric, KHRZ
Wik ik (MACS) HiAREHET 3 HE/NEER 2 F 1) ITGAG FHIEANAT . I 24 FRAA I A& I 533 5
ITGAG6 FHYEZH AL P IE 74.27% + 8.73%, TE @ T /rikdl (32.60% + 3.06%) . 44431k 5 I 40k 3]
JER R B AN MBS FRARC R, FH R AN B YR R 2 7RI T (GDNFD R B i A KK F (EGF)
5 4Egiin A KFF (bFGF) (R FREMT A IR K595 10 d J5, 7ERAMEE N nl L8231 3L R (1 kG
JEFAEAET, A0S PCR (RT-PCR) RIS G2 ¢ e Y 0 5 IR G 240 i £ v R 5 M 3 000 s 1
sy THRCE E ITGAG. R4k gl 5 MupssrdsEa (PLZF) MR/ LHiE 1 (THYD, [A
I A AR T AU bR I B I VASA Bl DAZL. ASHFFTEESRAESE, ITGA6 RIAE g/ BEARS J5 20 ) 43
FARicH TR S AR, R HID @ 1R IR R R R/ REARG 1 R AE L 5 S F W T B (b )
REEIF: NRERE: KSR TAUML: SREER YL UARRE IR
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present. Spermatogonial stem cells (SSCs) not only continuously produce new cells through self-renewal, but
also produce sperm through cell differentiation, and thus they have broad application potential for in vitro
conservation of Red Panda (Ailurus fulgens). However, SSCs in testes are rare, and their purification and
culture are very important for scientific research and applications. [Objectives] To explore the feasibility of
SSCs enrichment and culture in Red Panda. [M ethods] Testes were collected post mortem from a 3-month-old
Red Panda and were used to generate cell suspensions following two-step enzyme (1 g/L collagenase Type IV
and 0.25% trypsin-EDTA) digestion. ITGA6 was used as a molecular marker of SSCs, and the ITGAG6-
positive cells were enriched by magnetic-activated cell sorting (MACS). ITGA6-positive cells were seeded
into the cell culture plate coated with laminin and cultured with the medium containing GDNF (20 pg/L), EGF
(10 pg/L) and bFGF (10 pg/L). RT-PCR and immunofluorescence staining were used for the cell colonies
identification. [Results] The purity of ITGA6-positive cell after sorting was 74.27% =+ 8.73%, which was
significantly higher than that before sorting (32.60% + 3.06%) (Fig. 1). After 10 days of culture, SSC colonies
were observed under the microscope (Fig. 2). The results of RT-PCR and immunofluorescence staining
showed that ITGA6, PLZF, THY1 (SSC markers), VASA, and DAZL (germ cell markers) were specifically
expressed in MGSC colonies (Fig. 3 and 4). [Conclusion] The overall results demonstrated the feasibility of
ITGAG as a molecular marker of Red Panda SSCs for cell purification and cultivation.

Key words: Red Panda, Ailurus fulgens, Spermatogonial stem cells, SSCs; Magnetic-activated cell sorting,

MACS; Cell culture

/NRESE (Ailurus fulgens), X FRZLAENE,
TEFRE EE ATV, BRVE . AP %
X (XJEZE 2011 T AZIESh IR,
pla N et B U R WA C % B s I N P T B
TR AL, 4o A Y B [ 1 S e 4 X IR 4
(Hu et al. 2020) . 75 H 58 O/ 4 56 B
(IUCN) FI¥FAdi H, /NRES R 280 T P 1
1T 50%, 1 HIXA0 T P A AT REAE AR SR RR2E
I, PRI 2015 42/ RSB TUCN Z1 (044 5% 471
NG (Chilvers et al. 2015). 7E 2021 4F
SR AT B 5 SR B AR S sk,
REH TR 51 11 25 m ORI P A= 3. 4l 2%
V5 BRI ¥ VR DR AT A DR B A2 B W ol o 5% U
—FMA 7. BRT, ORIk 1 /NEER
AR (IR S 2007) 58 R 78 540
Hl CAnetal. 20200, X A= FEAH M B U5 R AT
W JoARIE o

¥ 5 T4 (spermatogonial stem cells,
SSCs) A7 T HE: B4 Hh 4HAEE P 1 AR T-4H
Mokt BABHIREHMLRE S, et Iiii

AW =4 kST (Oatley et al. 2008). £ERAE/N
B (Mus musculus) LA, A JE T4 AL &
52N AR ) 0.01% ~ 0.03%, AR K4
JURE IR AL . FEREANA . RS T 4R DL R SRR
Jifd (Tegelenbosch et al. 1993). #& 5 T4 & —
FhEE ELRBAE TR, T DAER SN RS £
JEAEE R, R RS e IR
kT RAE, FEREK T (Brinster et al.
1994) , 75 5 £ Zh W o3 G5 VR R AE J7 T BAG UK
IS 7 o

PRAN 18 e ARAT SSCs 7 2 4 A4 g,
1M SSCs fEZE P& EMAC, FItH B4l
AT R JG 225 77 5 N A FUR RT3 . FRATTHT
Wi e H A G R B A 2 a6 (integrin
a6, ITGA6) 7E/)N e ith 44 B 5L b4
FEAM MR ARk, EAL T A, e
S FF A S5 TE] B4 e i AR IA (An et al.
2021), A/NESE SSCs 17 & 5 4lifb 35 5E | %
fitho AHIE FUADNIE I o BE L BR 70 3 H A XS /N B
2BV I ITGA6 PP Mt 47 & 4, X
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aife fa Rttt SSCs MAifZ . Rt 5 kS
VA RE ST BEAT VRAL , NTTAIE ITGAG 1F /)N RE
SSCs )7 ¥ric Hl T 40l 24k b JEARES IR 1
AT

1 MRETE%

JSCER R BER B Fu Rt e SR 1 A 3 A
WE/NBER, BAMETI R, RAEFHOUNEE .
11 /pREMEAHLHELL

B RER 2 AL S CEFER 5 x
10° U/L, %% 0.5 g/L) ) PBS i& vk 3 i,
RIS A, FHEY JIETRE, o NIV A i R B

(1 g/L) Witk 20 min. PBS Ve, M 0.25%
PIEREE AL 5 min 5 A IME L TEL. AR
1) 52 ALYH M B 2 25 TR A, TR KN
RIF.

12 GBIk ESEE

O /INREM S AL, NN PE ARic i)
ITGA6 & ik (ITGA6-PE, eBioscience,
12-0495-81) @FATH4, =HIEFFHE 30 min J5 N
APt PE B3R (2R, 130-048-801) 4 °C
5 E 20 min, Z5HEHEE SRS B A, AR
SMINREAHBIERE, oy B AR . H PE
FRiC KB IgG2a kappa $i#4 (eBioscience, 12-

1

4321-81) GetafEN[E TSI (isotype control),
HR Ak 3 A8 AE D B X B Cnegative
control) .

B 41 B /D = 40 B AT R ke I (BD
FACSCanto 1, Diva Software v8.0.3), tR#E H
Fropé 6 S AL ELAR RN, AdE R B XS B L
WEAH S 4, R B AR ITGA6 FHYESH K #F
W, ZJEHEIRBE ZH, ORI B M0
[FAXTHE . ITGA6-PE 43k & ITGA6-PE 43
X 4 A 1) ITGA6 FHPEZN A
1.3 /NREJ SSCs 3%

FZRERA (0.02 pg/L) Xf 48 FLHAHMRK
6 h, FHAFFL 1.0 x 10° NHPEATERN, 13RI
B W% 1. HAAERE 3 d #e— IR, TERREE
IR, F 0.05%H BEEEHEAT 44X
14 SRR e

BHRERPOHMBE 4%0 2 KR

(paraformaldehyde, PFA) [#]%F 10 min, PBS
TEVE 3 WE, I 5%0 BSA EiRH I 2 he
S AIINFRE JG 11— Pt Anti-ITGA6 (Abcam,
ab181551, 1:100) A Anti-VASA (Abcam,
ab13840, 1:100), 4 CHH LK. VASA &
HA ATP #Mi ) RNA fi# il ) DEAD-box &
HXER RS, A TR, 7E/NResAbE

IR SR T R TR B

Tablel Componentsof Red Panda spermatogonial stem cell culture medium of

%4> Component

mui%, B85 Supplier, catalog number T{E¥KE Final concentration

TCIM 35577 %E StemPro-34 serum free medium

40 x FFRFLFNFEANINFI 40 x StemPro-34 nutrient supplement
ff2F L7 Fetal bovine serum

50 x ARERBLHEAN AN 50 x GlutaMAX supplement

50 x HrARANFEEIIFI 50 x Antibiotic-antimycotic

50 x A ANFEA I 50 x Minimum essential medium vitamins
50 x5 TS LR AN TR N5 50 x Nonessential amino acids
B-%i %k £ B 2-Mercaptoethanol

AN AR 28 IR T

Recombinant human glial cell derived neurotrophic factor

TN A NI MR 2 B IR T

Recombinant human basic fibroblast growth factor

20 AR 4 2E K KT Recombinant human epidermal growth factor

Invitrogen, 10639-011 1x

Invitrogen, 10639-011 1x
Gibco, 10099141 1%
Invitrogen, 25030-149 1 x
Invitrogen, 15240-062 1 x
Invitrogen, 111420-052 1x

1 x

Invitrogen, 11140-050

Sigma, M3148 10 umol/L
Peprotech, AF-450-10 20 pg/L
Peprotech, AF-100-15 10 pg/L

Peprotech, AF-100-15 10 pg/L




900 * =24 Chinese Journal of Zoology 57 %

MR PERIA (An et al. 2021, Castrillon
etal. 2000). KH, PBS &ML 3 KJE, A=
$T donkey anti-rabbit Alexa fluor 488(eBioscienc,
A-21206, 1:500), =ikEEHFE 2 h. PBS
JHBE 3 U, M DAPICS mg/L)Z ¥ E S min,
w6 e (Olympus BX53 microscope) I
2O,
15 RNA #H K RT-PCR

K H] RNeasy Mini Kit (Qiagen, 74104)
MK TR B 40 B 50 FE T FE LS. RNA, 2 Ja i
PrimeScript RT reagent Kit with gDNA Eraser

(TAKARA, RRO47A) %f RNA #EAT S 3%

i1 RT-PCR il 41 ve f b thyl. plzf. daz
Al actb FEHIFRIEEN, 10K 2. Hr,
thyl 5 plzf ¥ 05 T 40 (SSCs) 43 FHric
dazl ) 1 AR TEAN AR, actb JYRH XTI .
16 SitFEaH

K GraphPad Prism 5 (v 5.01) G544,
THERELUFIME + frtEZERoR, R tbEeK
F US04, P <0.05 NZERH SR L.

2 SR

2.1 /NEEM SSCs 4B H4iith

3 HIR/DMRER RS (HFER 5 x
10° U/L, #%5% 0.5 g/L) 1 PBS #&¥E 3 1K,
AL T L 2 MR B, F BT )
¥ A H BT, IR R R R L, 13
FI T EH A= B 0 R A 4 e 2L ) PR B R
TERAEE T Al MBI RN TR —1
dip, Hodr, AN EFEE AR (K
la). F ITGA6-PE Hiifxs 4 pfs Bt AT 4e
Z JG I\ ANTI-PE Microbeads % & , 1 ITGA6-

PE i 40 MR AR Rk Sicek — Wb, 764k
INREAHIVER R, 4ifb it ITGAG6 BHIEAIMI . {4
It G B AOnT 4338 1iJE B2 BdE AT A, &
BEIR, k2 BTG AR R T ITGAG FE
Y24l 9 32.60% + 3.06%, iR %
Ji ITGA6 FHIH4HMRI4ifEHE = & 7427% +
8.73% (Kl 1b). Giil iR MNE, RiEmizk
IrikE R RN ITGA6 FAYEYH LT B2 &
FARpEAE (P<0.05, n=3) (K 1c).

2.2 /NEBM SSCs kSN E

FH R RG43 F AL B 48 LA 6 h, K S i
Bk B B SR AR B I A IR 4% BF 4L 1.0 x 10° A4
PRBEATHAY . dIREAT 1 d 5, KEBI> SCRF
YA NGB TR AR, AR BN
Wi, EMEEE . ZAEEANIE . [FE 0
KPR A A, RS2 AR
UREITE, 4 iR, sk (E 2a).
YHMLIE IR R 4 ORI, PRANfRPLE S, ARgE
G AN (B 2b). K578 6d Ja, A hEA
M IEREAEK, HBUNIAETEAREE (4
TILAEA, B 200, TAE MG FE T 4R AR 1S .
TR 10 RN, SEHF20 A -5 18] 57 240 A 1) £ K
FEWD, SSCs WK MR MAMMER (FH
N, & 2d).

2.3 /NEEM SSCsEEMAERIGEE RT-
PCR %%

XPHEFE 10 d JE IR TA 31T ITGA6 5
VASA & HRyE st t, 4 DAPI Frid
A%, FrA A E . et Rk,
IR SSCs smbERIA/NAEM SSCs 4r FHnid
ITGA6 (& 3¢) 54 FE A fbRiC VASA (& 30),
11 R AR IE, R Kt —2

#* 2 RT-PCR 5|¥%&
Table2 Primersusedin RT-PCR

A Gene 5| Y% F R %) Primer nucleotide sequence (5' - 3') FEHIK/IN Product size (bp)
daz F: GAAAGGCCAGGAACCCACTT R: GCTGTCCCTGCAGTCTTGAT 220
plzf F: ACGCTGTGTGATGTGGTCAT R: ATCTGAGGCCTGGATGGTCT 294
thyl F: CTGGTGGATCAGAGCCTTCG  R: CCTCGTCCTTGGTGGTGAAG 214
actb F: ACGATATCGCTGCGCTTGTG R: ACAATACCGTGCTCGATGGG 220




6 1 HFGESE: ANERRE R T4 ik 5 3G 7R * 901
BA 4% B8 Negative control [R] &% B Isotype control
0% L 1.1%
sool % 1000
800
400 600
400
200
200
0 0
*5 -10° 0 10° 104 10° -10° 0 10° 10*  10°
3
@] N .
100 = MR Beofre sorting STIEJE After sorting
—_ * iy 81.3%
€ wl = 500 34.8% 150 -
3 400
% £ ol 100
28 300
qg&
g 4r 200
=3 ol
5 20l 100
&
0 0—103 0 10 104 10° 0—103 0 10° 104 10°
SR Vg
Before sorting After sorting D PEZ 3% BE PE fluorescence intensity c

Bl 1 /MRS AHALS R REER I 1
Fig. 1 Testisdigestion and MACSin red panda

a. MR, AEE LTGRO AEEANE (100 X0, ZE BACA/NEAEE AL, b WAGHER o WARMER, A AT

7~ ITGAG PRI R . * P <0.05

a. Cell suspension (100 x), a germ cell was marked by the white arrow, a red panda testis was showed on the top left; b. Flow cytometry analysis;

c. Flow cytometry histograms, ITGA6-positive cell ratios were showed on the top right.

WEBRAMEFE 10 d I/NRES SSCs 75 H A A RE
R AE BT 20 R

AR TR 10 d S5 4T SEV& $2 L RNA JF
HHAT SO 3815 ¢cDNA. i RT-PCR %5 K
W, H W SSCs 73 FAric £l plA Al thyl ¥
TE/NREN SSCs e aRIA, IR vasa 254bl
(15 — A T M bR ic 25 K dazl tH7E /)N BE A
SSCs Tl EIE (K 4), #—BiEW T H9%
JIT3R15 I 4H M B2 % /2 SSCs 5%

3 iig
EHT, o8 A S frdr - B E EAA AR

frdr . SRS E AR EAR R IET
TENLEYIRP S ORI, A0 PR A DR AT B e

AR . SSCs A& MV B4 Fr A FE 68 71 AR
A, Al E AN A A, b
AT AR (de Rooij 2017). SSCs &
KR ARG, Tl RINE S BESH
AFBIH SSCs i ¥ (Ogawa et al.
1997, McLean 2005). SSCs 7E /N e S B AR (-3
J5 BT R R FH A S A BRI K8 7T
— i, SHLNBRERAHERAAAL, SSCs
A FEARAINA W1, X T E SR 2 51
ANRERE R R UL B A R S Sy
RO S R AR A, A B /NES SSCs
=B RE T, S m /N BER 1R 15 A% BE IR
PRI 7KF 5 F 2.

YIEE LT SSCs H /b, Kk SSCs
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B 2 /NRERE SSCsik4MESR (100 x)
Fig.2 Cdl cultureof SSCsfrom Red Panda (100 x)

a. 1 R; b 4R ¢ B6K; d 10K, B, dA LARRERBOKREET SSCs Tk,
a. Day 1; b. Day 4; c. Day 6; d. Day 10. SSCs clusters with higher magnification were showed on the top right of figure ¢ and d.

HH3% Bright field DAPI Alexa488

ITGA6

100 pm

VASA

B3 ffafkmi g e Mg (100 x)

Fig. 3 Identification of cell colonies by immunofluorescence staining (100 x)

a. M3%; b. DAPI 4:ff; c ITGA6 %)E7%edett; d. H13%; e DAPI 4eff; f VASA fji et

a. Bright field; b. DAPI staining; c. ITGA6 immunofluorescence staining; d. Bright field; e. DAPI staining; f. VASA immunofluorescence staining.
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Bl 4 RT-PCR % E4HMI5R7% K1 DNA HIKE R
Fig. 4 DNA electrophoresisresultsfor
identification of cell coloniesby RT-PCR

DAZL. PLZF. THY1 %% ACTB 435l i ) RT-PCR F=4)
HIKEE I, ACTB ANFAMEXTIE, NC ABITEX .
DAZL, PLZF, THY1 and ACTB indicated electrophoretic result of

RT-PCR products for each gen, respectively, ACTB expression was

used as an internal control, NC was negative control.

(1) 53 B AR AR S0 FR0E T FLAF TR0 R 2200
HE, SSCs 7 B alifh 7 A F LAFEH M. F
P B 2 e M 1 o ade G EE 0 B2 0 vk
( Meistrich 1977 ) STAPUT & J; Uit [4 7%
(STAPUT gravity sedimentation) (Kokkinaki et
al. 2009) %5 I FRE R T 70 FARIC i i,
AAE R A AIH 7% (fluorescent-activated cell
sorting, FACS) (Ibrahim et al. 2007) LA %%
WEEk 4% (Owen et al. 1984) . s pfEk 43 ik B,
AR N, 02T SSCs
gt . BT, Y% SSCs W mtR 7
THIC ORI %€, JFHT SSCs MU lEL
G IEREER 3% (Zheng et al. 2020). 2021 4,
FATE RARIE 1/ REA 52 L 2 AR 43T
PRic, KL ITGA6 T2 5 0 T/ NRE A R ALK
RN I, AT AR/ RESE SSCs H iR
RIHIrTHRIC, J9/NEME SSCs A i BR 7>
HBEE LAt (An et al. 2021). ASHF 58 H] A
ITGA6 SRt Bk 73 306 K 2ylke /N RE A SSCs 42
FEm 1 40% 7545, RIS ITGAG6 BH M40 i vl 7
AN I TR e, 3k — W] ITGA6 H T
/NREA SSCs & 4R 5 A IR W AT 1
HAj/NiR. (Kanatsu-Shinohara et al. 2005) .
K5 (Rattus norregicus) (Hamra et al. 2005)

FI6 R (Cricetinae) (Kanatsu-Shinohara et al.
2008) SSCs MAAMCIAIE TR R e R L.
FEAR A DA 2R 5 B/ BRI R A 4E 40 . (mouse
embryonic fibroblasts, MEF) ~1i7%)Z, H Stem
Pro-34 SFM (Stem Pro-34 serum free medium)
JFERE FREE, AEVS INJR S A R st 2
K7 (GDNF). ® &4t KET (EGF) 5
A4 AE KT (BFGE) FI%4F R, /MR
I ER A SSCs I 4% 77 W 4F Bl B K B[] T AN 2%
HA-gupuRett . ARZIM SSCs AV F Rt
FEAEZE S, FEARAM B IRIGTE B 2% A A 8 4 A4
. KA DMEM/F12 JCIfLi& 55 7= 7k RN
GDNF . i 53 4 M 5 P+ 28 R I 2 4E al
(GDNF family receptor alpha 1, GFRA1).
bFGF. JEEZEMAKE T (insulin like growth
factor 1, IGF1) PUMAK KT REBHE (Sus
scrofa) Y SSCs 3721~ H BA | (Zhang et al.
2017). T4 (Bostaurus) ft) SSCs K ik %
W4} GDNF Al bLIF WA KB, 7EM4b
KR TWi™H (Suyatno et al. 2018). {HJA]JE
(Macaca mulatta) SSCs 3% 7% i A T GDNF.
GFRA1 #l1 bFGF, fEAASMYAERE 77 7~ 10 d(E
RIS 201300 FRATZATXNRER 0 T 2%
/NER SSCs IS FRIE R, WINT GDNF. EGF
5 bFGF =MAEKRE ¥, FFRAREL %R
BHIE (52 T0%M AL, fE859F 5 d 5k
g B A, ARTEA BT R, Rig
RAF/INEER SSCs 467 (An et al. 2021). A<M
FoK o 5 AT 15 7%, AARSR M & &
KR B (A 20%RZ0A), FRAE T 14
A ML T G A AT R I SRR, ERE TR 10d 5
A3 T SSCs £E¥% . /NHES SSCs FRIETETEA |
E/NBRATNRIZEL, ARTEASAKIN, 20 A
HAMIMARIE . RN TR G, A FA4
ik, FERGFR 26 d R AN RS R ILETE I 4R
FEANM, TIETE AR . DRk, SRS T E
FARRFEA R 1 57 )2 A R A 5 50
AEM SSCs MRAMEBIAIFZI, ARSI IR %
fF, IR R E RN TR AR R
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