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5. YE 2%
| AEWI | D-02
® To develop the technique for the production of offsprings by transplanting
spermatogonial stem cells
O To find molecular markers that identify specific differential stages of germ cells
Purpose& O To develop the technique to remove endogenous germ cells for recipients
Contents O To develop the ideal technique to transplant horse spermatogonial stem cells into the
testes of recipient
(O To produce functioning sperm form transplantation
@ To Develop the horse semen extenders
@ Finding molecular markers that can be used to identify specific differential stage of germ
cells
O We have found that
- Lin28 is a molecule specifically expressed in horse spermatogoinal stem cells
- PGP9.5 is a molecule expressed in spermatogonia in stallions
- ACRBP is a molecule specifically expressed in post-meiotic germ cells
- UTF1 is a molecular marker that can identify undifferentiated spermatogoinal stem
cells of donkey, and DAZL is also expressed in the primary spermatocyte to spermatid
in donkey
O Developed the techniques to remove endogenous germ cells for recipients
- We have established the ideal treatment which ablates germ cells in the testes of
recipient horses
Results - 5 week-split administrations of busulfan at 15 mg/kg concentrations was effective(about
80% of seminiferous tubules were Sertoli-cell only)
O Found the ideal techniques to transplant horse spermatogoinal stem cells into the
testes of recipients
- Enzymatic digestion method to harvest stallion germ cells has been established
- Direct injection into the testicular parachyma is one way to transplant spermatogonial
stem cells
O The production of functioning sperm using transplantation technique
- We currently evaluate if the recipient horses produce donor spermatogonial stem cells
derived sperms using micro-satelite finger printing analysis
® Develop horse semen extender
O Semen extender used to preserve horse semen at room-temp or cool-temp has been
developed. This new semen extender is as effective as INRA96, most popular horse
semen extender.
® Molecular markers for specific differentiation stages of germ cells
(O Further studies on spermatogenesis of horse germ cells can be performed using these
markers
Expected ® New type of horse breeding business can be run
Contribution O Service for cryopreserving germ cells can be offered
(O Service for breeding offsprings of gelding whose testes were cryopreserved for
transplanting into the recipient stallions
@ Horse semen extender
(O This horse semen extender can be used for native horse breeders
Keywords Horses Testes Spermatogonial Sperms Semen extender
stem cells
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RESEARCH ARTICLE
The Lin28 Expression in Stallion Testes

Geumbhui Lee'®, Heejun Jung?®, Minjung Yoon'2*
1 Department of Horse, Companion, and Wild Animal Science, Kyungpook National University, Sangju,

Republic of Korea, 2 Department of Animal Science and Biotechnology, Kyungpook National University,
Sangju, Republic of Korea
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ORIGINAL ARTICLE W] LEY Reproduction in Domesfic Animals

Undifferentiated embryonic cell transcription factor 1 (UTF1)
and deleted in azoospermia-like (DAZL) expression in the
testes of donkeys

YS Lee™ | HJJung®* | MJYoon'?
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Percentage of tubule in testes (%)

10 - = Nomal

0 day 1 day 2 day 4 day

2 NaclS g 4 AYM o] nx= Fa 3]
@ AT+ B
O 2% ©l’% Nacl €42 agAo g P4 AN YEE AHE 7Hs

O AFstol g27] W ALA=Z AA 7Hs

©® 47T W&

O & BgoE AFshrldlt ol oAy oeigol o] 485y tha fol

g o E Hd3s A%
O Post-pubertal &H4n=2, & 4/DE tFo=Z Ay 3]

=

o A € A A
A}
# | (All treatment | &% A3
= A H] 3L
H was (co) (cauge) A
3z autoclaved) gaue %)
1 PBS 10 20 A &3HA 28] FJE 5 co) 2F
2 5% Nacl 10 20 A &3HA 28] FAE 5 co) 2F
3 7.5% Nacl 10 20 A&skA 23] FAE 5 co) 2%
4 10% Nacl 10 20 A &3HA 23] FJE 5 co) 2
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O AP 2-3F F AAFES A HAE AAstY At Fa U e &<
O AA2zAE d7sted 4% paraformaldehydeo] 114 3te] H&E A4S A A

T 84 F Axo FE A

@ A+ A3}
O Nacl Aol w2 i A/deE &2
] A3
al
w| A A
5
ke Sold A glo
1| P8BS E} | %C’ el
AAH o2 AT =4 07
Ao AEFIE FAHE T
2| 5% Nacl 2ol ¥+ oF 1cm =79
A4 T
Ba U AEFIE A
3o w74 <k Icm =7
750, 3o 3 o ]
3 HosxA o] I
Nacl .
AERAE FHHE Zol BN
CRES =0
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10%
Nacl

« AW AERIE FHHE

Aol ¥k o lem =17)

=
dex4 4d

A&A F
FAE F
CER X

Seortoli cell only

O
>
ok
b}
7
o
o

M
rlo
Z,
[ab]
Q.
N
o
=2
u
X
of
o
g3
N

No round
spermatid

Normal

R RESERR &
g 2
[SL NN
w v

5!

Inflammation

St tubulee] ©HZA FHe) s}

rd

m}l_:‘

it

100 -

% of tubule

NaCl Control

W sertoli cell only
# No round spermatid

m Normal spermatogenesis

" Inflamation

7.5% NaCl

10% NaCl

* A o seminiferous tubule ©HZ & 500 o7 F=
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O

O

-5, 75, 10%= Agd AadAds 945G D FH 79 9 e FdMs B33AR

- 7 Aavith AFEADE7E TAEon o g A BEo U

-5, 7.5, 10% Nacl #gl= A71H A E7F Al A(setoli cell only tubule)shA] 53+
- 15 gauge FAMHFE S o] 83t 2&eA FES FUL A AT AsHA EA

2-3. Slow injection ®2]9] =24 NaclX 2|7} ALAE v X &= IFHAPATF 3)
O I+ 53
O 949 ALl Nacle s FAL w) LW PA= FF &<

@ A7 ¥ 2 HE

O Fast injection 2] 22 Nacl& A &st% <& o injection siteo] A7} H7AH

O #& FA=(26gauge) 2 23] Nacls A E3tds vl AHE gotruz AT +3)
O Post-pubertal S8 4(n=1, & 27NE o= AF 3

0¥e Nacl 5= Aol wE tubule e
PBSZ Hel® Aiol: tlEE(65% o]4hel tubuled| A= A4 spermatogensis’t 27 =

RaL oF 35% tubuleol Al round spermatid7} EA)5HA & tubule A, 11 9 T2 )

9] tubule& WAEA XS

tubuleo] WA=

A

cell with inflammation’& €] ¢] tubuleo] A=

HAd2E

) AA
o =g £ g
2p=] FAL = A1
_ | (Al treatment o FAHH N H| 31
H3E (gauge) (A
was autoclaved) | (cc) _
<)
J A =olH oo Lo 714
1 2% Nacl 15 | op | BF TGRS M= el o
T3 A3 wHA slow
injection (1 cc/min) W&o =2
2 10% Nacl 15 26 PR 3F
F= F

O A7 2-3F F AAFEL st 448 AAsL distel 44 ) A
O AN Z A S

il

=l

dA2Z22 S A7)ste] 4% paraformaldehydeol] 1173t H&E A4S A A

“
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@ A5 A
O Nacl A 2] @& A4

%] A3
@ ~] 2]
A
. e v
<
—

&sa.ﬁ'h‘l et Ao 2 ZZ Ay} <355t
iy Y= .
¢ 15ee | (firm) AR BAE R gs

1| 2% Nacl

eok7tol 3 A BB (fibrolysis)©] rete
testis F-of 2

B Gont

2| 10% Nad 9 /ot Nagt| *THAACE 3T 22 o] BAH

O H&E &4 FEi7t B2

No round
spermatid

Sertoli cell only Normal Inflammation
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80 1 m sertoli cell only

70 - m No round spermatid
0 = Normal spermatogenesis
| = Inflamation

50

40 -

% of tubule

30

20 -

10 -

2% Nacl 10% Nacl

* A2 o seminiferous tubule ©H & & 500 o7/ #Z
O Slow injection B4 oz FAT - AAHEEo] BAsHA] &= AL
O 3FAITE NaclA 2] 2= germ celle] Al AH tubules 1317 o &

2-4. T4 glycerinx 8]7F A YA E| v X = FFAAAT 4

O e 7@5\_01] o4 glycerinx 2] Al A2AE v FF T2l

@ A+ U
O AFFE A$ HAE gycerin (10-70%C2 HHIT A$
seminiferous tubuleo] 7% AL

A7 AAE

O Glycerin A8+ Leydig Al Zol= FFFS FA| fol AT EE AYieko] Fo]EX] %7]
of 49 HlEd & HXA L&
Q@ AT W&
O Post-pubertal ¢ 4(n=2, A& 47/DE oz AF 53
. AA
SE e 8% | FAbks 2
_ (All treatment T H] 3
W3 (co) | (gauge) (A€
was autoclaved)
%)
1 PBS 10 20 2&3tA 23] Y& 5 co) 2F
2 10% glycerin 10 20 A&etA 23] FYE 5 co 25
3 20% glycerin 10 20 A&etA 23] FUE 5 co 25
4 30% glycerin 10 20 A&etA 23] FYE 5 co) 25




O A 25 & AAlFES AN HAAE AASI D At 4 U FeHE &<
O AA2zAE d7sted 4% paraformaldehydeo] 114 3te] H&E A4S A A
@ AT A3
O Glycerin &l w2 A A
?‘E!.
. =] 2] A3
; (autoclav
? ed) AR 9
5
1 PBS
10%
2 .
Glycerin
20%
3 .
Glycerin
e A U HETFIZ FAHHE
30%
4 . Aol w7 oF lem =7)
Glycerin WzzA 9 Bzl By
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No round

Sertolicell only ——
80 7 W sertoli cell only
70 - = No round spermatid
80 = Normal spermatogenesis
* Inflamation
2
=]
a2
S
has
©
X
Contol 10% Glycerin 20% Glycerin 30% Glycerin
* A2 seminiferous tubule ©H 2 F 500 o7 #Z
O AgAz

- 10% glycerino &2 Aejd B4 A9 B2 tubuleo] HA oF 60%H1L THE YA
40% tubule-& round spermatid’} £A43}2 %= FE)
- 20% glycerin®. 2 A z]® ALl AHAAA < spermatogenesisE <l tubule2 40% ©wwkO
2 ggky Wk Sertoli cellZ2% F+A4 ¥ tubuleo] 7Hd 2o
30% glycerino.2 g8 AHA9 7%, round spermatid’} {l+= tubuleo]
spermatogenesisE 2.2l tubuleRt} ¢ wo] WA
- 15 gauge ®h=& o83t AEHEA M Alde HEFHAN EF5WEo] fEH

el

443

o

i
P
filo

O 2eHA
- Glycerine.2 A g]&d ¢ NaclZ A< ul 2t} tubule V) HYHNEZE AAS = o &
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F7h 9ee el
L FANREE 15 gaugeRThE Tbe whE e AHSSIE A&l Aelsy] nohe B9 Rl
2 mel A% F AN Tk F

2-5. Slow injection W4]e] =24 Glycerin X &]7} YA Eol| v X JHAPAT 5)

D AT B
O A&l gycering 83 FUT 49 FUAZe VAL 9

-l (

@ A+ 0

O o] Ao A fast injection W2 S 2 Glycerine &39S o injection sitedl] &
LA AY HAzZ o] BAEAE.
O #& FA=26 gauge) = AA3] FFshe WA o2 GEAgE & uf Loz v
A= e dothua APA+ 3

o[N

Q@ AT W&
O Post-pubertal &8 4Mn=3, A4 67/NS oz AF 3
. A A
Qe e §% | FAbhs A4
] (All treatment FUHEH H] 31
HE (cc) | (gauge) (A
was autoclaved)
%)
1 10% Glycerin 10 26 Rete testisoll HlES T35t 37
slow injection (1 cc/min)
2 10% Glycerin 10 26 Al o g oFR o] 8
3 10% Glycerin 15 26 A FoR o HES 7%l 37
Tt dds] wiAA] slow
4 20% Glycerin | 15 26 injection (1 cc/min) " 2.2 3%
oE F

Rete testisol] ¥l FYst1
5 35% Glycerin 15 26 slow injection (2 cc/min) 4

oo B

g2 57 F-Hlel vbES =0l

70% Glycerin ZFolsta A A3 wHA slow
6 B 12 | 23 e . JEs
injection (2 cc/min) W] o=
o]:u EO:]
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O 98 71A &% glycering FYHAS ZElsle] (rete testis injection vs random
injection W2]) F&H A4 A
O 270¥ <t HAAZ2S 4% paraformaldehydeol] 1234 3le] H&E A A A]

AN

Ak B 2 2ou/|AZ o] 83 rete
testis U &4EF<

257 AE ol &3 rete testis 12 &l | =97 AE o] 83 rete testis injection
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@ AT+ A%
O Glycerin & oll w2 A2

(53 Wb 75t

] A3
Gl N
¢ i
H R At A
<
0,
0% . A AR
Glycer}n Z20] WaE T
=z &
1 Q(F = HOE Arbx2 S
AA) Rete testisoll A o
s FYsta
slow injection
10% (Icc/min) W2l o=
Glycerin A3 of= i
2 _
8+ = <
A
10%
3 Glycerin
07 )
i FEFS
Hse Aol
ooy | FET A
4 Glycerin R slow
07 2 injection (1cc/min)
WA o= XA S
oFE F
e Rete testis = ol
1:1:1—_/13.:. 7:|
359 "l‘/\o]' ]
- SREXR
5 Glycerin WAHAS. w5
09 =)
Ao T s
SR EX
I
70% His S 70 e Rete testis FH ol
6 | Glycerin F43taL slow FEsH 21 x3
(09 %) | injection (1cc/min) sl
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O Rete testisoll Hl=<S X 3ta slow injection W] g oFES Eo3 79 injection

O Glycerin®] %7} &4 A 7F 9 GiA @, 53] rete testis
FHo M xz ot F

O Rete testis® FUst= TAoly AL FHol x50l EAT7E 23] wiHA FYJst=
Walolyt A 2ol 7 §l

BT
e,
-
Jhu
ot
=
PN
3
o
Mo
Hel

O 2

- Glycerin® 2 A g]d ¢ Nacl2 M2 S w 2ot tubule ) AJNZE AAS= o &
47t A+

- FAHFES 16 gauge R U= 26 gauge FAMES ARESEAL Al&GStAl FAstr] Hoe
g FoHES ng AT & AMAS(ED 1lco) FHoF injection site?] F2] IALE WX

F e

@ o

O H&E @Az2 84743 olelel 2e ARr} ©59

78 1 m sertoli cell only
60 - W No round spermatid
= Normal spermatogenesis

5 Inflamaticn
2
240
E
5 30
S

20

10 -

0 -
10% glycerin rete  10% glycerinrete  10% glycerin 20% glycerin  35% glycerin rete  70% glycerin 5
(3F) (8F) central (35) central (35) (4F) sites (477)

* 4 2 seminiferous tubule B # F 500 A7) #=
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O Ad43
- 10-20% glycerino. 2 A& & wjrt} 35-70%= A &]& 7 inflammation %2}o] th<= at
A% A& " Sertoli cell only tubule A Z o] Y53A Bo] LARHIYS
- 35% glycerin 2.2 A& wWERT 70%= A& 75 Sertoli cell only tubulee] T o]
WA 5 93 inflammation tubule ©AA T A A LA Y-S

ol
B>
O
o
122

¥ APAFAA et B AT AHESIE AAZ T
- 70% glycerin< 26 gaugeS AH&3te] 49 lcc

2-6. 70% glycerin 4 FYHE& T FDE7IA x4 recipient & Ed ALHE A7 D
08 A7 FaU8 92 27

O I+ 53
O 70% glycerin A8]& &3 AAE7|MEo]4 recipient & 47| =7)E¢

@ A7 WA 2

O ol2 A AYZ=714 27} tubuleo] ¢H2&}31 spermatogenesisE WA YA = A7
AAJNZ} AAD BAE 7HA recipient 2] A& o] Qg

Uukz o 2 endogenous germ cell2 A A3dF7] €43te] busulfan ¢FZo] A&

AYEE 2 o, &, & F&ES busulfans A= 972422 endogenous germ cell©]
A=A ¢ar Agke] AU thA] spermatogenesis7t 3] &=

O
O

O =3 busulfan FEFA = AWFALS &3} systemic treatmento] 7] w]&of] Aol U=
spermatogonial stem cell 5+ ofug} ZHE7|HEE A At HASHE 4 T4

JeE = busulfans tHAE & e 383, =94 $Es Mg Fa

A& 9 dao FaoA A7 AAAZE AASHT] Al HAMIA ] i o] ARE-FH A HE

TUol A= Aollde Ho A4S WA E AYd + de AE A

O IHEE a3 o E AVALAZE AAL & Ae 7€ ML 28
O =AM 7% spermatogenesis’} ¢hxstAl o] £ A 2] @Fal 1Ist primary spermatocyte T
AoA AA=7] vzl B 4 E7}

O g% Bt A2 7hsshr] wol & AA=E7|ME oA dsER d4

O ALV ZE Aol oA A =A7F AP AALY 100%+ & BAE7A 2
& AFxlo]7] W&ol recipient 2 A&7}

O 3}A%F  seminiferous tubulee] A7] germ cell?l spermatogonia®} 1st primary
spermatocyteZ YA Ar] wF o]2]= spermatogonial stem cello] tubule2]
basement membrane ©f 3177 EBH 02 oY &

O IHEZ 100% 42l endogenous germ cellse A A3HA] X3tz E o] 2] F-2% rete

=T
testis =¥ 2] seminiferous tubule Wl 7]& germ cellsS AATL F A= 71& Aol =2
%

O
O
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O B d3ge AyATE HolE S ulgto g 70% glycerin, slow injection method® &4
£ A2 A% Sertoli cell only tubule Aol 7Hs & Ao =Z dista & 6utE]E o
Fog B AFE AASIA S

O & ALE7IME o]2& 93 recipient 28 =11

- A7 AE AR st AY A A

- Donor spermatogonial stem cell®] seminiferous tubule basement membrane®] <2 2 4=
JEE rete testis =W A7) germ cello] A AE tubule R

- Donor spermatogonial stem celle] ©] 2= %1 w| full spermatogenesis7} ©]Fo] & 4 )
%2 testicular niche(Leydig or Sertoli cells)7} &3t of 3+

- Donor spermatogonial stem cell ©]4] Fol|% W7] %7}, AL o] 7psdloF 3

@ A7 W&
O A&71zF: 201543 2€~8€
O FANEE[70% glycerin # 8] 151n=3), PBS *&] 1&(n=3)]
X d4d A Al
dEWE v}y T =AY
He (L) e A Z(kg)
1 SFHAA 2011-2-28(4A)) IERERERC 500 [
2 A ) o] 7 2011-5-17(4A)) SRR 534 Ll
3 At =g 2010-3-12(5A4) SRR 500 E1EY
4 3= 2H 2012-5-09(3A) =R R=RE 460 w2
5 o 3 < 2011-2-10(4A)) SRR 461 A
6 AzAL 2010-2-25(5A41) o2 Bl 467 2
O A7z 5 AEa
SRS 2 g FFARHFALAIR)
dd Fo I 33] 13
3G woAF oF 2.5kg/3] oF 3kg/3
T AH-fra T
O FATE AbFHE
npAbel =2gk w2 1-371Y $AE A S Vb Zka AF AA
SHAAE 71ZF FF vhAR 2 HAR S0 A Fete T B Wit 57 2™ AA
gHlY) s7txdo] S5d TS UdoE Ag AA
T 2ol g | S E AAGHD
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Agdid ZEve) 2 sAAEGE U S D AHSEU s BEER T AT E)
apig-of A AP"%P—E S dF o= 5 &Fo 13 dFof Wt
19 13] 308 o] &5 AA 2 & FA(grooming) ¥z A
O Az
SRl U EEE Rl EE iR dojE IFAA
70% glycerin(50 ml) % PBSGG0 mD) 2] 35 A HAAQF, gz HAL dAAQF AA
g kRS Hao MAB AHFLS FYslr] 95te] infusion pumpE o] &P om B
2 1ml &F FY
A 105 & AMFES AASt 45 AASL HaZ2 ] digk HLE A AA
O A3 I3
70% Glycerin
or
-3 -2 -1 0 1 2 3 A 5 6 7 8 9 10%= |
2 a7 53 2 a7 53 2 a0 53
»Of 3= & HXPAULEF Bl 24, Sl F HAM=E = & d&8HAL [
- Of QT AHASE U AE, REY 5 AT ol
+ 10% 0| HAl4+& MAISI0] Fa =5 HA
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Glycerin & PBS A &34 Infusion pump A&

26 gauge Hls< ol 83T FE T Ag 1057 & AAXss
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O AHAH 44

1. Handler¢} &4 =2 4%+

3. B3 FRE A7 AA

5. AVE o] 43 A3

6. 4 A sl
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@ A7 23

O A237) ¥

Testicular volume (cm?3)

Sperm population (X 108)

140 -

u PBS m 70% Glycerin

120

100

80 -

60

40

20

0 -
Week 0 Week 5 Week 10

70% glycerin o2 A Aae FI7 PBSE A3 A

b~
T
v}
rlo
o,
o
o
f
8
N
2

70% glycerin(50 mD/PBS(50 ml) *&]ol w2 HAA4F 2 54

ARG W5}
30,000 -
® PBS ®m70% Glycerin

25,000 #
i

20,000 -

#
15,000 -
10,000 - * *
*
*
5,000
0 + - ! — =n - - — - — - — - =
-3 2 -1 0 1 2 3 4 5 6 7 8 9

Day 0 A3+ glycerin/PBS A2l A ZA#, Day 1 A3+ A & 4FY A5 & Ax

*

10

70% glycerin®.2 He® $2n=29] A Mg 257 THE AR WAF Fa AF
AT7)7F vpRlErel 105 A 7}x] PBS @ 18Mm=3)3} ulws] 70% glycerin A& 1&2]
A Lol FolE A &<

o]= 70% glycering Aol 2AH FY

el

[e)
737




O A=A total motility H3}

100 -

#
. ’—‘
*
0 - T r T T T T T
-3 -2 -4 0 1 2 3 4 5 6 7 8 9 10

70% glycerin @ PBS A& 1% 2 AA total motility= xbo]7}F 912 &<l

HPBS H70% Glycerin

Total sperm motility (%)
g8 8 &8 8 3 8

N
(=]

=
=

O A=A progressive motility ¥ 3}

90
m PBS W 70% Glycerin

80

il

70% glycerin ¥ PBS*8] 1&F o] A=A} progresswe motility= ztol7} gla<= &<l
7] Aol 2ol Az motilitydll FA W3 glE A= 70% glycerin Aol o &|

testicular niche(Leydig cells or Sertoli cells)7} ELH] JgFS A R

~
o

8

Progressive motility (%)
8 3 %‘

N
o

-
o

O 70% glycerin/PBS A glo w2 4o F testosterone ¥= Z R = HA

MR dFd AHFH 2r)skeE A AR

371 AA olF srtste | 2 A3t

ARG W AR 57k A5
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{Transplantation$ 70% glycerin®} control groupzt testosterone &% H|ul>

HPBS ®70% Glycerin
2 -

18

T

<Transplantat10n—f.i 70% glycermJJr control groupﬂ ‘%7 77}11 @ﬂ AZE ¥la>

Testosterone (ng/ml)
E - L )

N

(3]

mPBS W 70% Glycerin

FS

HAZ O So{d & &7 |E o 7 K| AzZh(E)
N w

N R Loy -
ITITIII I

{Transplantation¥ 70% glycerin®} control groupZt AR SI717FA A& AIZF Bl w2

35
mPBS W 70% Glycerin

N N w
(=] (& o

M7| M % AR 2B AIZHE)
3 &

*‘ " loi i1l ii il !l “ iﬁl i7l '8- Igi -wi
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{Transplantation$ 70% glycerin®} control groupzt ARSI 74A] 57138l v >

i

T OE7e gHlEde A Aole gle A 9l

mPBS B 70% Glycerin

w £ 3] 2]

AR &7 A E 243

N

- 70% glycering o]-&3dte] & Aol =4 A A PBSE A3 153 o ALY
T gul=7F A Zol7t YEtUA S
- 70% glycerin ¥ PBSAH | 1&F 2o WA Eojd & @rE u 712 dd A
o7t fles <l
- 70% glycerin B! PBSHE] 1&F Ze] A7) AF = AAZA AEs AIE 2ol glee
<l
- 70% glycerin B! PBSA g & 2o AT wf 744 Nt 571 A= 3Fe Zolrt gl

Pl

>

ALE T0% glycerin2 A 2|3t %= dF Testosterone = W3E of7|
stA] @il To] A& A FEFE VAA &gv AR FHH

Y
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18] % 105°)

O 70% glycerin ¥ PBS g0l 93 HAx

)
W NoF
of 8w N
X s ﬁ_ —_—
= Z» T i
& o T T o D
= ﬂ womﬁ% =~ ¥
0 Xl )
¥ = 5T ﬂ:wﬂom Hﬁrxﬁo]ﬁo
—_ o s =0 o = N R 2
= = < o 2 o M B o
T 7o ¢ T o W ~ 5w g®
o R Mo oTETR N
W LM dw TN s2ETX
TR R B B4 DB Fhe e
ERCECR 4 o %
5 B YR T ® R R T TR N
R i ) ) MO " OTH O ORE N
[ ] [ ]
e
—_
)A
~ . =
® o = S8
3 o o WW
)
) |
W T — ™~ ™
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Flbr031s tlssueA (1OOX)

F1br051s tlssue (200x)
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O HRE MM S o 88 =2 44 A3}

Group Treatment Control
Horse 1D T1 T2 T3 Mean + SEM | C1 C2 C3 Mean + SEM
Normal 674 | 88 | 851 | 80.17 + 644 | 985 | 87.2 | 99.3 | 95 + 3.91

spermatogenesis (%)
Sertoli cell only (%) 309 | 5.3 1.4 12.53 £ 9.25 1.1 2.7 0 1.27 + 0.78

Damaged 15 | 68 | 133 | 72 +341 | 02 | 98 | 05 35 + 315
spermatogenesis (%)

Abbreviation: SEM, standard error of mean.

- 70% glycerin *g]jvule] 79 seminiferous tubule ©™ ZF 50007), PBS*glvle] 7%
seminiferous tubule T & 30007] & &2 A A
T1Ze] A% 70% glycering o] &3t A& A$ tubule ©GHA F= oF 30%7F 9&
tubuleo] Sertoli cell only tubule HElE R A=

-SRI T2 2 T3] A9 Z+7; 5.3, 1.4% tubule WF Sertoli cell only tubuleZ HE %

- HAHoZ o 20% tubule°ﬂ A germ cello] A A% AU spermatogenesis’| -3l €

- PBS A glute] 79 300070 tubule & F <F 1.27% wHo| sertoli cell only tubule ¢

-9 AHE EUE 70% glycerin® 2 Ao w4 AT A 5L S AMEstE
T JRARPel7E A BHEJE. ol =h whx|o]7] Wi TY9E WS A&t

g B9} 2 YeEugEs Aol Buk

O A3} 70% Glycering 2o Ao F=YUst= W2 H AU endogenous germ cellsS Al
A371= sFAITE AA tubuleo] oF 20%% EFE Hole= 5 G840 "Wojx|a =
gk Aol whet G5 Apolrt AA o] A WA eRE B £ gly
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2-7. Endogenous germ cell AA &EHAE 33 & 4 e A ¥ AL (70% glycerin
A g FIte wE &3, APATF 6)

O AT 943 9 53

O Hi7
70% glycering A4l =4 A7 & 7% endogenous HAAME7}F FEAOZ A AH7
o Zoll o] &3E Aarstr] «g A Wy Ui Ha

O =54

70% glycerin A4 =4 A 3¢ F7k E 92 A U AYAE AA 5239 <l

@ AT e L Py
Qs WA BT o) F A4l 0% gycering AFY HACR & 28 A7
A 47 olFol AME AT Fa WF FE

@ AT A
70% glycerin 4 =4 A 35 Frbd ©E i Ah U BLAE AA 57 Il

=

O 70% glycerin 23] &) % H &)

rJ

1F tA o2 70% glycerin® & 23] xgd A&

1603 Crootr hels
16-4-1g ot Gilyeosin 2y
Srevthgrt with

kweeks pegt v, 2¥A
=
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Az HF
A & H&E 71 o2 9A3te seminiferous tubule Fef &2 2 wvlal
A4 @Hl& W round tubule 10070E SAPSHA #E3ted seminiferous tubule W germ

cell®] e w2} Normal, Sertoli cell only, Destroyed spermatogenesis, Necrosis & 47}
=

Normalgh tubule EFEE ] F+x25 ztor tubule W ZA3to] gle FH)

Destroyed spermatogenesist= B} o] F-xol] Adte] Holu dF E4do] A3 FE
Sertoli cell only+= tubulee] F+z U cello] AA QT MEY ZOZ sertoli cellTto]
G2

Necrosis= tubuleo] A3+ dZw-<

R

o

Hol

rr

FH

O 70% glycerin 23] A8 & A4 H&E T+

1+ A2 =2 70% glycerine & 23] A gl® AAi

1603 Cazot s
164g ot Glpedncey
bt itk

' 3.
bugely rﬁ'"'!'. L
=
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O 1F 3+4 70% glycerin 23] A8 & AA AN=xZ Az

® Normal mdestroyed spermatogenesis = Sertolicell 0 Necrosis

80
70
60
50
40

The rate of tubule ( % )

30
20
10

79

17 1422 70% glycerine 2 23] @ AHaol AHAAZFZH A= destroyed
spermatogenesis’} th &= Q3. normaldt tubuleo] 44 -z

mNormal = destroyed spermatogenesis = Sertolicell [1Necrosis

100
90
80
70
60
50
40
30
20
10

The rate of tubule ( % )

O 1F 7+4 70% glycerin 23] A8 & A WA z2 Al

+ destroyed spermatogenesis tubuleo] © FEE O™ sertoli cell
& AZE YA normaldt tubuled wF #F
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O 15 7+4 70% glycerin 23] M8 & A 9=z2 A7
- Tubule W cell ej7} BFEA 31 necrosise} fibrosis7t HA3F Ao 2 Aok

1 4 710% glycenn 2:€] g A& d5=4 Light mlcroscop =T A

O 15 7173 70% glycerin 23] * 8] A4 PKH 26 donor g4 =3 testis 23}

B Normal = destroyed spermatogenesis = Sertoli cell O Necrosis

90
80
70
60
50
40
30
20
10

82

The rate of tubule ( % )

- O<52] normal tubuleo] #ZEH AN AL destroyed spermatogenesis’} 32+

O 1F 274 70% glycerin 23] 2] A&
g zA o A= destroyed spermatogenesis7t ThFE A E AW sertoli cell only
tubule ©] LHHA Fgkom HFHEE ol neCfOSng]r fibrosis7} Y3k el
15 1+4 70% glycerin 23] gl R sttt
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2-8. Endogenous germ cell AA EFAE s & & YE oA B ATHLE Y
busulfan =Z&=#2o wg &3}, APAT 7)

O A7 WE 2L =54
O ¥4
19zt #A4 Fh o= N3 70% glycering 83+ endogenous germ cell AA "o
A2~ U] endogenous germ celle BEAHOZ A AS= © &37F oy AL AAH S
2 endogenous germ cell-S #| A3sA] %
a¥Eg @ AA AAZOZ endogenous germ cellE AAT F A= RS LHHE

Ntz AFATFE F71 DA

T3k 201630 42 o F busulfane AT T 4% recipient =2 HAA o= &S
| XA & ka1l A4 U endogenous germ celle] A A7} 7]—-0—0]-1’4—‘—‘} A7 RuE
(Testicular Busulfan Injection in Mice to Prepare Recipients for Spermatogonial Stem
Cell Transplantation Is Safe and Non-Toxic, (YuShen Quin and coworkers, PLoS One,
2016)

OHEZ 44 busulfan 27} ¥ AW endogenous germ cell& A|Asl= o &3
7F A=A FRIE] Aol dAE e E Ay ad AA

O =3

=24 busulfan 227 G4 B4 W ZLAE AA o5 4

@ A7 & 9L B

O 6 mg/kg &% busulfans AH83te] @4 AHie 13] F448 £ 25 F AAMHA =
2182 HAF AA

O 10 mg/kg F=°] busulfans AE3te] 9% Fio 13], LEZE Hiol 23] FaA4Y &
25 5 AABNA Z=28E HAF AA

O 10 mg/kg ¥=°] busulfang Ar&3te] A& AHxol 33 F4HE F 15 5 AASNA
Z2A HA AA
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& & (post-pubertal)

O

/%_1

o
A AL

4% paraformadehyde=Z 3174
O Busulfanx 2] ol w}& spermatogenesis el S &

3ol

e =

] ]
EDN
-rj AA A A
= py | E R 022 i
6 mafke | O 15 DMSO + D (2moey | BUSUIfan + (DMSO ¢
gike cc/3)) ' e D.W)
= 1‘
10 mglkg 1; cc/i’] 2% Busulfan + (DMSO + Busulfan + (DMSO + | 5 3 A7
—Z,—O]) gauge DW) DW) .:,5'_ 4—Z|—
H
(& 13
Z 33, 33] 33]
10 mg/kg }
15 cc/3 Busulfan + (DMSO) Busulfan + (DMSO)
=)
O Busulfan A8 & AMFES 53 ZLE AA
H&E MM o= 22 Al AA

2 Aol busulfan 23 g
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@ A7 A3
O Busulfanx] g0l W& A4 W =2 #H3I}

6 mg/kg busulfan 13 |

3

}

¥
B

Busulfan =4 A gd A DMSO+PBS (control) =4 #g|d A&

10 mg/kg busulfan 23] *j €]

Busulfan 13 =4 Xgd A& Busulfan 23 =4 AHg¥E A4

10 mg/kg busulfan 33] =z

%
oo
54
ojo

- 2% F, 15cc 13] Agd 4 oA =253 Aol gla

- EEE 10 mg/kgl ® EHola 13 busulfan A ¥, 25 Hol| 2& 4S
712 &

- 28] A3 Hiole o] Bol usten, dF WAz HfstE 242 13 A3
AaoM= T

- Busulfan (10 mg/kg)= 15 @92 33 A #, 15 Fol AME Foe HstA Fuj=o]
AR ow Fgzxzs Fotry] ofE

o
=3
Anj

#2) 8t
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- Busulfan *]2]+= endogenous germ cell& A|As=d AH3slA fth= Z2E2S Y 70%
glycering A glst71=2 &

O H&E |Ao|$ H4 =2 #3
HAaz2S 14 F H&E 71Hoz GA3le] seminiferous tubule Fej ¥z = wlw
A4 @wWA W round tubule 10070E |:HSHA ##E3ste] seminiferous tubule W germ
cell®] e w2} Normal, Sertoli cell only, Destroyed spermatogenesis, Necrosis & 47}

A% o 1

O DMSO + PBS (control) 13] A g]s+ =2 o] H&E #& A3}

mNormal mDestroyed spermatogenesis = Sertolicell ONecrosis

90
80
70
60
50
40

The rate of tubule ( % )

30
20
10

Normal$t tubuleel H]&}le] destroyed spermatogenesis tubuleo] o4 FHZE O™
destroyed spermatogenesis tubuleol] H]3}e] A X%t normaldt tubule® 27

O Busulfan 13] =213 %2|o] H&E #& A3}
- Normal tubuleol] B]3S}o] destroyed spermatogenesis tubuleo] th<+ #2= 31 normal gk
JEl 9] tubuled HlwH HA H#HEH
- DMSO + PBS (controD) 13] &g At vlwstds o & ztol& UehlA| &gkor
Sertoli cell tubuleo] &A= A e

H] 523k destroyed spermatogenesis tubule =% Rol= o]f+ testis7} o EZo]
°°‘ﬂ”ﬂ/ﬂ s e Aog FHEw, busulfand] o3 HalE FA LS Ao

=)

=

AF o] A= Busulfan o €S 58 sertoli cell tubulee] YEF}E=R 3¢l HQ

¢ o
o

N

(
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mNormal m Destroyed spermatogenesis = Sertolicell ONecrosis

90
80
70
60
50
40

The rate of tubule (% )

30
20
10

2 A3

O Busulfan 13] =4 A" Ax 5 &% 4 420 =32 HE

rJ

mNormal m Destroyed spermatogenesis = Sertolicell ONecrosis

90
80

72
70
60
50
40
30
20
20
10 4 4
1
0

Al 2 Destroyed spermatogenesis tubulee] th #2=E 3 ¥lw & 22 normal tubule
o] A&+

The rate of tubule ( % )

O Busulfan 18] =4 8" AL T S 4 d/3td 229 S4HRE H&E #+2 A
4 & © & normal ¥ tubuleeo] th4 -2 3] A& normal tubuleo] -
A B fibrosis® FHEo| #ze FHIA|w 1

A

&

O Busulfan 13] =14 Agd AL T S 4 Af/std 239 npgRE H&E &2 A3t
ZZo] AA|A S Z necrosise} fibrosis7} 218 = o] tubule W9 cell o] o8 L

_47_




m Normal Destroyed spermatogenesis Sertoli cell ONecrosis

46 89
& 80
Py 70
3
g 60
s 50
()
® 40
[«}]
z 30

20

10 9

0 2

0 R
Busulfan 13] =4 A8+ A4 W destroyed spermatogenesis Ao+ & &S F=
Ao 2 ALY ol F4ZQ] FFor AEHH busulfandl] F&Fe FIAA Fe X
normal tubuleo] =]u}j# <],
TS tubule®] necrosis@} fibrosisE FYAIAH HA9 7|5 dFFES = 7FsAdol A

B

O Busulfan 23] A2t F4axo] Sk & F&2<Q =4 H&E @2 23}

1,
o

= Normal Destroyed spermatogenesis Sertoli cell ONecrosis

90
80
70
60 56
50
40
30
20
10

32

The rate of tubule ( % )

Busulfan 23] Ag]gt AHiolA £ o2 H4A 229 H&E #&3 A3 =2 U
o A4 Blw A &2 Sertoil cell tubule x]& Holal )3 destroyed spermatogenesis %
%

k
N
f
rl

B A= necrosise} fibrosis7} A3 o] 3= o] tubule W
cell AL 32l & 4 glderm tubuled tubule Abe] E7ro] A%3d] B cellEo] 4+
[e)
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O Busulfan 33] A g]g =29 H&E #& A3}
Busulfan 33] A 2|3 Z2o|A+= normal, sertoli cell only, destroyed spermatogenesis
tubuleo] w & FAZo] FHJo} 22 HAAZHCZ necrosis7t A E o] 27 AHo] o]y

o
™

o]¥3 A= S wo+= Busulfane] 33 =gl sertoli cell only tubule 24Xt}
necrosis A& YA 717] W Zof vlEFAHo|gL E F S
d8u olAS daoAA de A7 AFolr] wwol HLY FRASE HE Dol
Ae o2 432 25 T 7MsAo] 9, Busulfan® 237+ x4l sertoli cell only
tubuleo] ©t&F #Zo] HA7|ol o]F VFLE A% APS A

2-9. A A7t 4o AAFA mAE 9F FJAALET 8

O© A7 WA

O WA AHE+= Ao U AAIAHEHIE $8] mice (van den Aardweg etal, 1983;
Creemers et al, 2002; Giuili et al, 2002), rat (Shuttlesworth et al, 2000), monkey
(Schlatt et al, 2002), bulls (Lzadyar et al, 2003), ram (Oatley et al, 2005) | ]2 = o]
=

O Bull calvesoll= 10-14 Gy, ramoll+= 12 GyE AHZsA<S w], AT W AAIFAHS 53}
A7l 237 dSs U

O "HYAXHE2RE GO E HAd ZAVIE &8 44 A8 E S8 endogenous germ
cell AA BHE AHEY] A PYAXHE 28 7|7} vt Q45 o= ALY
A

@ A7 HE

O 94 2rg]lE &83te 10 &2 15 Gy HAM S A4 A

O Ram® A, Az F 2¢9 FHEEHe HIld FLS7IAMAEVE AR o2 3 E5F o
(Oatley et al, 2005) AAAZI= A2 F, 657} AT Aoz Adxo] Ay M3 A
% 3, 6+ A] biopsyE E3| Z2WH3tE ##FAsa, A F7] WM, testosterone TEE
sl Az
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7 (biopsy)
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A% oem
ol | ol = | xol | Ao 2
A 4 7.8 3.5 7.5
B 2.8 5 3.6 6.3
Ae) 65 F A&7 (cm)
A% oem
ol | Aol = | Eo] | Ao %
A 4 7.5 4 3.3 3.6 3
B 3.2 5.6 3 3.3 5

O HMEHAE YA AT 73] ;& AR W
Before 1 month post 2 month post

15 Gy 130.05 90.74 91.36

10 Gy 72.00 66.86 42.60

P
ok
o

DR E A A PO R A e

Normal spermatogenesis Destroyed Sertoli cell only

O Aol B =4 F AAFEAAAAN A= TS
(Normal spermatogenesis, Destroyed, Sertoli cell only)E& 7|&°o2 &
O AHg A, Ay £ 3, 6F 1t4o 2 AFEP o™ biopsys: Faf FE32

H&E |4& st 33}

wZstr]

A8 3714

FH
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O BAA 2R 24 F 72to] 42 ARD Y Bxe
713k Types of seminiferous tubule treated with 15 Gray (100%)
Normal Destroyed Sertoli cell only
A A 100
3F 5 31.4 68.6
65 % 93.86 6.14
713k Types of seminiferous tubule treated with 10 gray
Normal Destroyed Sertoli cell only
A A 100
3F ¥ 5.17 59.48 35.34
6+ F 48.78 51.22
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ko3
T

A9 6% & AA®

O AA2=A717F 3FA A 2% Ao} A E T E W3

O 15 Graygs A Jaol= 354 Sertoli cell only?] tubule Fej7} &=z kgrom
10 Grayge ZAgH AAaolA o B2 Sertoli cell only Efe] tubuleo] Tz
O 15 GrayRt+= 10 GrayZ ZAFst= A o] recipient =g 7fdo] o AT Aoz FAty
O 3AFE ool FAAFY ol FE WA ZAZIE ©] 83 endogenous germ cell W22
Hyolx &= 83817 oHt+= 28 ==
- 7}%91 s WA 54713 Agstr] el dAlnkH &= Fetidd of 3433 vE
E glo] AME FASoFE. d49 AS dAud & nlEsx glo] o AEESE &
EHOﬂ okol QARE Te] 7§ —cﬂﬂoi DAEE AU v o]Fdx Aojd F
of Al Aol g T2 lojorstr] wiEe BVl & AR #d
- IS WAl F5o 2 AN e v E Hd AEddA & vy fFeE F4a
7F EFHoloF 3 AAY A ALV BERERE A ol EoiA Q7] wiel vt
AR Tol A ALV B 1A E FEEHAJY] wiEol telE HY el A
o Y& 2 ESA77] W oEe AR A
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2-10. Busulfan A= 3F<¢jo] @ A4 W endogenous germ cello] Al X= G FA(RAT 2)

O A7+ B4

O Busulfan *8]2 <13} recipiente] F|AFES HA3ksl7] &) A &F 18 FUH +&
TEE Y AW FA BAES Hlwste] JAEV|AE o]2o] AH3E recipient model
stallion A4 7<= 7

@ A7 w7

O Busulfan2 ¢ZAsiAZA FAANEAZ &§

O AMxue] si2HDNA, RNA)Y HE-g-3le] slE ol 9lo] As%E F =

O Ag39 A% 6mg/kgel busulfans GAol AHElstd S w HAAE AA &3 <2l
O % 15 mg/kg %59 busulfang F 23 & 5F%¢F &3¢

i}

® I W&

O % A8& busulfan concentration(15 mg/kg)< 150 23] U AZFS FY3HAL 2.5
mg/kgo =2 F5A Wl E gtE 39 234 (FE¢ £ A Fo

O A& A -15, 45, 85 HAH o2 HAES FE31 sperm concentration, progressive and
total motility, BlHl= =74 Hlx

O 39 50 mle] DMSOE &8&3te AHeld busulfan 7}+E &3] 3, catheterZ2 Hl&&
jugular veinell =Y AIZl & 5 cc/ming] 22 F

O A8 & 115 H ol hemi-castrations AAIF F HA Z22& 4% PFAC 1A $ 5 H&E
staining 2 A|

Treatment1: One time IV injection of Busulfan(n=3)
Treatment 2: Weekly split IV injection of Busulfan (n=3, 4 weeks)
Treatment 3: No treatment (control, n=3) Castration

&

|3 2 1 0 1 2 3 4 5 6 7 8 9 10 11 week|

Analysis for sperm production, motility, libido, Testosterone

Measurement for testicular size (volume)
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@ AT+ AR

AT A7
O Busulfan A& & AA3 HLx2S H&E GMste] 193 o] 371419 type: normal
spermatogenesis, Sertoli cell only, destroyed® EF3&Fe] 500712 tubulee] AFe] &<l

One time IV injection of | Weekly split IV injection of

Busulfan Busulfan Control
(15 mg/kg BW) (15 mg/kg BW)
Mean + Mean =+ Mean =+
Types T1 | T2 T3 SEM T1 | T2 | T3 SEM Cl | C2| C3 SEM

Normal %! 0 67.4 4.8 [15.8| 21 | 13.8+4.7 | 98.2 | 100 | 97.6 | 98.8+0.9

Sertoli cell Dead |Dead| 309 |85.2|712| 41 | 65813 | 0 | 0 | 0 0
99.4

only (%)

Damaged | o 15 | 10 | 13| 38| 203+88 | 1.8 | 0 | 24 | 1.4%07

(%)

i e

. -ﬁe stroy.éd

Normal spermatogeneis
e g spermatogenesis

O 1579 W 239 24 15 mg/kg BW &< AF FUT IFANA+= 3vte]l = 2vtei7t 4
Atstl oy & 1rtgle A o]Fox AL HEFHYEE 33.3%)

O 1Fd W d=&F FU43 IF & T 3F%F #HAAS ZeoA AT F49 4% Normal
67.4%, Sertoli cell only 30.9%, Damaged 1.5% tubuleo]
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O FY3A =3 2ol A9 Sertoli cell only type tubule®] 99.4%7} o7

il

O OO

55 B¢ B FAE T AS AEES 10093 A3 FAAE SAEXA ‘”%
3ulg] = 2ntg]e] A ##F tubule F 70% ©]%Fo] Sertoli cell only tubule® £

55 B¢ BF Fdd Zo A HFHOZ oF 85% tubuleo] busulfan F=ell &35 4

= ol germ celle] AAHAY AAHIL A= ToE &<

F7] Al ale T JYSIIHNE oA g je U ndS AkstE b a9 4S5
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25,000

20,000 -

15,000 -~

10,000 -

5,000 -

nusulfan treatment [10%)

Total spermatozoa before and after

O ZAA 2t zel= Qe busulfan 2] % 85744 & AA7F 4

Progressive motility before and
after busulfan treatment (%)
3

q_,u -
30
20 -
10 -
u -
-1 4 8
Weeks

O AAre] 2AM&FA E3 busulfan H2] & 83747 Hast= 4

Time for erection after entering the breeding 1
shed(min)
4| oo of 1
HSo| 1 5
Time for semen collection after washing (min) -1
41 }0| of 27
SOl 4

O Busulfan #g] o]Fo|% Fo] gH == FA WA &S
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3. AAETINE oA 7| ENE
w73

O Donor spermatogonial stem cellS transplantation$t ©] 3ol recipient @] seminiferous
tubule Wol H2ES A str] YA = recipient 29| endogenous germ cellS #| A 3}
o of g

O A3 %E9 busulfan (Yusheng Qin, Dong Wang, 20153} glycerin (Suleiman A. Igdoura,
John P. Wiebe, 1994)& * 23l endogenous germ cellS A Ast= A7 34

O 19z A7l o= 7/NEg 70% glycerin 4% 2] &3 recipient & A4PhdH e &%
3} 2ke ultrasound guided spermatogonial stem cell injection W2]o] &84S &<l
7] 1% AP o] Bagh

O ©o]2]¥ donor spermatogonial stem cell (SSCs)e] ¢FZodRZ 5kolslr] 9fste] PKH-26
(red fluorescence)©.Z donor germ cell& GAg & o]2]& AA|S}aL recipient AU

donor A9 ¢HHE S HlWalE Wlo] G8ET 9L

-

O

3-1. Testis2 5§ single germ cell & 7|< ¥
D AT =3
O % AALERH ALNEZE Eddte 7l MW

@ A7 W& L By
O Collagenase®} Trypsin EDTAE Ar&3st] & HAARREH HILAZE £
O ZAHLYZ7AE vAQ UTF1H AHAAMEZ ul72 VASAE o) &3ty 5 &<l

A: after collagenase digestion
B: after trypsin EDTA digestion
C: after filtration
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Pre-pubertal (n=5) Post-pubertal (n=5)
Viability(%) 89.98 = 1.78 89.85 = 1.5

Recovered. germ6 cell 8998 + 7263 1,164.6 + 159.09
population(10°)

O F 719 9& enzymeo 2 digestgt 23} viability7} ¢F 89%<1 germ cell &k

Cell types Pre-pubertal (n=3) Post-pubertal (n=3)
UTF1 positive (%) 6.43+ 0.63a 0.12 = 0.04b
VASA positive (%) 91 £+ 0.4a 88 + 1.6a

O & HYZ7IAE w7 UTFle] 92 germ cell> pre-pubertal FAZHE °F 6.43%,
post-pubertal HA=ZHE <F 0.12% X

O & AHALAE upziel VASAe|l dAE germ cellse pre-pubertal FAZHE <F 91%,
post-pubertal HAZHE <F 88% K

@ I A%
O Collagenase$} Trypsin EDTAE &3t AMEE A9 2 %9 germ cells SR

Z~ o]lo
"l‘}u]\\:l

® A7+ 43
O A7) 9723+ Jounal of Equine Veterinary Science ol A&

Contents lists available at ScienceDirect

Journal of Equine Veterinary Science

journal homepage: www.j-evs.com

Original Research

Isolation of Germ Cells From Testes of Stallions Using @C sk
- - - - - rossharl
Collagenase and Trypsin-Ethylenediaminetetraacetic Acid

Heejun Jung®, Minjung Yoon *™"

* Department of Arnimal ond Beechnology Science, C W Animael Soence, Kyungpook Nooonal Universigy, Sangiu, Repubbc of Koreo
? Department of Horse, Comparnion and Wild Anirmal Sdence, Ryungpook Natona University, Songiy, Repubfc of Korea
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3-2. Trypan blue J4¢F F4& 53) ultrasound guided rete testis injection 7|8 &3¢ o
A FA )

O A7 5E
O AEAE o2 = 9 25974l &8st Z9 rete testis® donor germ cell&
FHte Ve g9 oAF g
@ A7 W& 2 By
O AEAHE o] =+

Testis cells (3ml)  3-way stopcock

ge “—’A\\ é?)(iiglzr:eedle
\\\v/d__\__zz_ea luer stub
Dosomm (Hamiton 86508) "
0.9% saline (3ml) 3cc syringe OD 1.22mm
15cm long

[Ultrasound-guided rete testis injection tool]
O AZA 29 o= o] upy
- Trypan blue regent& MEMa meium3} 1: 2 H]-&=2 3] 43}al rete testisE T3l HAU
7
U F 2uE LS AASt dist] A4 0 A FE &<l

@ 4% 58 AR

A7) &4 Ultrasound& &-8-3F rete testis TYE
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BN

3 way-cock e &3 trypan blue F¢
O Ultrasound guided injection technique& 3| rete testis % &<l

O Trypan blue (15 mD=S 2 way-cockS 83} recipient rete testisE &3

@ A7 A
O @ Wi rete testisy} AukA o2 1A AAH AL sl
O Rete testisE 71H o2 FH & HALxZHo
O olgjs AddaE T3 2

T A9 rete testisE: T FAAEZE o] 4 e VE TR
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Trypan blue”7} U8 A4

Recipient A 4-¢) transplantation® trypan blue |
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3-3. &€ Uz FYAXYre B8 7 qF AR FE

- PKH26 &% 94 7|HE& o] &3t HUAAME7} recipient A 42] seminiferous tubule W} <F

O I+ 5%

O 25395 &8st o Ao HAZTIHNEE FUste 7IES AFH Lol H &3]
Aol L7152 d4E AR 47 7es AR T &2

O ALE7IMEE Fdste 71 FARE S BAE 949 BAE YR HXE

O AZZ2 AYA=7AE FYLS Y&l 12 A= 7383 endogenous germ cell #| A 7]
=°] a3 &<l

O Donor &AM E2] recipient A4 W ¢kzte]

B = monitoring system< &
H3al7] 918 PKH26 B3FA oFF A A8 w5 2D Uy AY

@ A7 W& 2 U

O AMs<s= AAY donor d42 AHAioA two-enzyme germ cell isolation 71H& &&
3lod single FAAME FR(AHAN A Z2EZ HH)

O o8 w9 PKH26 &S single HaAzol thakd oz Agste 3z o
A 2o 9 x)g(incubation time) W SR

O AL ofFE ol &3t 45 A vk skar 70% glycerin(15 mD& lcc/miné] £%=
2 Aol 23 FaHoT A

d 4 (post-pubertal)
H= FARbE az P
23 26 e .
Q- gauAg 70% glycerin
15 cc A& (1cc/min)

O Glycerin A2 45 & PKH262.2 <4A% donor germ cellg o2& 9} 27| AE &
35t A9 rete testisol] ©]4

O od"d AAE 2F ¥ AAZ F  two-enzyme digestion techniques ©]-&3}o]
seminiferous tubule ]

O Whole-mountingste] 4 4-2] seminiferous tubule Woll PKH26¢] 2= germ cell ¢FzF &

® gl
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Hh v F BA 26 gauges ©]-&3t] glycerin A &

70% glycerin = 2] Infusion machine< €83 lcc/min A g

2F %

Ultrasound& &-83}o PKH-260.2 HAH HALMEZE recipient @49 Aol o]

S
Rete testis ZYE & PKH-260.2 GAH HALAMEFY
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@ A7 A
O 2 single germ cello] PKH-26°] g%+ A

%)

ftlo
J {
rO
o

n-vitro’y | A PKH-265 €83 & single germ cell |44
(germ cell®] cytoplasmF-$ ol A &FF2 &2l)

O PKH-26 9% donor germ celle] recipient seminiferous tubuleo] 4] W& sl= A

e Zel
sto 2 A rete testiss E3+ o]27|& &Y
% o A& U 70% glycerin % B2 FAHE
% . T Fol Wb oF lem =7)e] WAl zz o
(b03 G 40755
iR
i’b‘eﬂtd gom cells _
Saiag wih TEH=36 e Rete testis7} Aol FUdREA T3]
St > weeks LAEJIL 2 B e As &
PKH-26 4443l germ celle] TPAE]|H AHA

Recipient 42| seminiferous tubuled] PKH-26°2.2 A= donor F&AE &4 3l

f
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3-4. e e E FAAEO|Y7|e B8 7Hs AF &<

- 48 oz PKH26 dFFMekzo g Az HAMZE o]Ad & seminiferous tubule
ol FLME F oF &2l

O AT =&
O 70% glycerin®. 2 *]2]3F recipient ¥ AA2] seminiferous tubuletel]l donor A AAE
orzt o} &ol(n=1, & ID: AFA%

@ A7 & 2 By

O 1¥x A7+4d3 39k 70% glycerin A4 =48] #2]S o]83}9] recipient & H]
(228 ZF gH9nt o]§)

O 70% glycerin =2l ¥ recipient 22] A4 W donor BAAE <kz §84S sty
st ol FH AP E A ¥ HcontroDe] Aol PKH26C.2Z FMHE HAME F
(n=1, 2 ID: thE <)

O 945 gdoez HAAG AgdrZ Fydd PKH26 FAHHES o] 83 T germ cell
a4

O 20153903 el FAFAAFAANA AR o]F WY& HEF pre-pubertal A|F4kn}
A A2MEZE donor germ cell2 &

O 253 7|AE o]&3te PKH26C. = HA1¥ donor HAAMEZE recipient 9] rete testis
o F

O A% donor HEAMEZE o437 A 1Y & AAFess T8 B4 AA

O AHA&ZFAE collagenaseZ digestions}te] seminiferous tubule &

O ¥33r| A& o]&3te] seminiferous tubuleo] <FaHst PKH260] SAE HAME EA4] o
5 g 9 vu
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@ AT+ A%
O 70% glycerino.2 A 2]® AA 2] seminiferous tubule W] PKH269] |4¥ germ cell &
A 3l

70% Glycerin Control

Recipient 22| seminiferous tubule"] PKH-262.2 2% donor FaME &4 &<l

O PKH26°.2Z @A1= germ cell-S whole mounting’d-oll A counting A Al
O @mAA AHg1% & F 500 fieldE counting 3t 70% glycerin(treatment)ol] A=
7.2%(36/500), DMSO(controDoll A= 0%(0/500)2] A4 germ cell &2

8 3
s 7.2
. 7 |
A
LR
o =
'q'é é 4 - B % of stained germ cells
£ & 5
2% 3 with PKH26
< o

! 0

0 - ]

70% Glycerin Control
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H, 3Jo

4-1. AL EI|A X4 & B3] recipient ¥ZHE donor F AA AL AH EQ

O AT =

O A éﬂri g3 ultrasound guided rete testis germ cell transplantation 7]{-&
23t 70% glycerin®. 2 2] 3k recipient & AHAZFE donor a3 AAF AAF o
o]

@ AT WE ¢ 0y

O Donor & HYAME SFHA AR AFIA)

AR AFGAZAAT 2o A ASF AFAvke] H42E FFYR 52
- Two-enzyme tissue digestion ®HH O 2 HAolA HYAM X g1
- GHE BAAEZE o)A HA7MA] WAEBEI 3-44XF o E o] 2] AA

el
=

=]

T

A s A dAY AFATHLS-2E B)e AadA AdETIAE FRATFE =

2
g}

=

Al

ATy A2

Pre-pubertal A|F4tok(HA A4 24, §22+4: EE or Ee)

Donor
AR AAE: ee homozygous) @ H24] Hefuel 455 vt
x12]: 70% glycerin(n=3) &-& PBS(n=3)
Recipient
(n=6)

O Recipient %] WE FAZVAE G AAYAAR 2D T4
70% glycerin®.2 A 2]¥ recipient 23 PBSZ A28 FTof| 27 HL=7]
o] 2} 3}aL recipient FEol wWE HYEZ7AE Frel YA
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HYAEZ Fd AT WL
Re%i%ent Recipient | Donor Horse | FYH|Z & Cell solution (ml) | Dnase
A Horse ID (A F4kmh D (10°6) < = mb MEMa + 10% FBS (D
FEFHA 073(Ee) 500 15 14.85 150 ul
4
70%
Glycerm | FAeI®& | O07LEE) 500 15 14.85 150 ul
Group
Al v o] A 074(Ee) 500 15 14.85 150 ul
3 =& 2H 070(EE) 500 15 14.85 150 ul
PBS .
S RE-E 070(EE) 500 15 14.85 150 ul
AFds 075(Ee) 500 15 14.85 150 ul
O Ultrasound guided rete testis germ cell injection 7]&-& ©]83}lo] recipient &oll =Y
- HOE YHF Fe glo] FAIeE AAZ FAIES o] &5t el A Qo X
3k central vessel ¢to. 2 HYPZI7|AELE o] 4 Q= ultrasound-guided injection
Y g8
- FAARHE AAE AN A 2 FH RS WEY &Q0E A% AA
- Ultrasound probeZ central vessel®] x| & 213t & FAMIES T ok7te] =
715 #o] ol rete testisoll FARHIEO] YA A5 FUZF Fol 3] AUA

. Rec1plent o] A7) A LA E
29} donor FYE7A = viﬂ AA7F Al A
HAE7AE o AR /7

Donor

gl

e

microsatellite fingerprint 7] &

AAAEZEE AAdE AR AL A7 <
A o]2] 2& &

}—Z‘—]'?

L=

BE AL A3 F HA snap freezing A A
15
K=}
€ genotyping= F3 <
recipient 2o ¥l o]/ﬁ, z

[e)

recipient

Zol AAE
o] &3} recipient < <toll donor F A=A =X

7F 100% AA E A 7] w& AY Al recipient 22 A
Zlo] 7)ol Ay4kel A=Ak donor &

rulu

NEZ
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© A+ 2%

o]
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O 70% glycerin group3 control group3t g 4Al

o]2] o]% 70% glycerin¥} control group

T

{Transplantation$ 70% glycerin} control group

3L
s ol

<Donor A2z A

m 70% glyceriy

O Control

5 g ] °©

dnouf jouoo pue uuashjb o7 usamiaq
uogejuedsuey) saye Aynoul [ejoy jo %,

8 8 8

B 70% glycerin
O Control

8 R 88 8 8RR e°
dnoub joquoo pue uuaoAb o/ usamaq
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Jaye Aynow aassalboud jo o,
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O Genotypings &-&% donor fraff AAF A4 o7 &2l system &§

- Sample: ZAAYH] 4 oA A A=}
fete 7P
e e 22

A%A_pplied Sevraen
= Biosystems 20150804-Equine
GeneMapper v3.7
Sample File Sample Name | Panel sQl oS 353 ' sQ
Sé&fsa |Equine 1.1 [ ] | [ ]
1?0 : 1§0 - 200 s 2?0 ! 2@0
21000
VT T I JJ A
S-8.fsa ; | [ | =
290 ; 21‘!0 ) 2§O
12000+
8000
4000+
ola M /N Y PRI W | S VN T A_Al .l’t A
85 | 13 160 187 | [243]
=
135 245
S-8fsa | i [
: 200 ‘ 240 ; 280
24000+
16000+
8000 Jj
oL aalll AU N L LLN A
=5
S-8.fsa /S8 | Equine 1.1 5
8[0 1§0 290 2§D
21000+
14000+
7000+ lﬁ
ol A ‘Ji A A aa M pLLLELLL
s eo] 78] (230 28]
113

- Sample: 7FAFe]w] 4o o]2]H 071 donor testicular tissue
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» Applied
A= Blosystems Equine_|D-20160511
GeneMapper v3.7

Sample File Sample Name Panel 0S sQ
07 1testis-150715 fsa 071testis-150715- Equine 1.1 [ [ |
[ vh2o ] [ HTG4 | AHT4 | HMS? ]
80 120 ; 180 ) 200 ] 240
4800+
3200
" JLl
P Y W, O, N N _ A 4l Aa MU
A7 Jeiss] 21126 [al 14 al 175
al130 al 157 | \al 177
071testis-150715 fsa Q71testis-150715- . Equine 1.1 | ] | |
HTG6 [ AHTS | [ HMSe || ASB23 ] ASB2
80 ’ 120 ) 160 200 1 240
12000+ ) ' i i ‘ ] : ]
8000} ;
4000+ I l
i ol il | 4
oA AN b b a4 Ab A Al 4 i Ny
afs47 ai129| al 160 (a20 ./além) al243
z N
al133
07 1testis-150715 fsa 071testis-150715- [ Equine 1.1 [ = | |
| HTG10 [ H1e7 | [ HMVS3 ] HNMS2
80 120 160 200 240
12000 + ; ¢ : : - -
1
8000+
= _JJJL AL
o Y 1) LM Uy s A,.LLL Ao
== 2y h4_| rgl; [
[a QGJ [at 171aj lal1a6] [ar160] [al216]
[alo7] ) [anzz] [al222]
S~
O71testis-150715.fsa 071testis-150715- | Equine 1.1 ||
[ ASB17 ] [ LEX3 I HVST ] CA425
80 120 160 , 200 240
6300 [
4200 |
I 0 | -
| ' i
2100+ 4l ' i
e R SO g o s g 1 A
a113 al158 2238
=l "5%
—1

- Sample: ZFAF]n] 4 AW Z3} 071 donor testicular tissue &3+ AZ(positive control)
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.A%B os;Istems Equine_ID-20160511 WP(L i 4 A\
1 quine, = ;
0‘7 7 ‘{‘ ! g_:ﬂ__
l

GeneMapper v3.7

Sample File Sample Name Panel 0s SQ
Gangasmile 150625 sperm.fsa Gangasmile 150625 sperm- Equine 1.1 | | | |
[ wmizo | [ HTGA | AHT4 | HMST
80 ‘ 120 ‘ 160 : 200 240
72001+
1
48001
2400
ol
[ale7] la1130 [a1157] al177i
mile 150625 sperm ngasmil 625_sperm- Equine 1.1 [ ] [ ]
HTG6 [ AnTS | [HMse ]| ASB23 | ASB2 1
80 . 120 160 . 200 240
120004
8000+
40001
ol M AL L PSS VS JL .d 4 Al AL
[al8s] [aloa] a||59! [al160] II [al 187 al@’_ (f219 (a1243
a|133 al 166 2
Gangasmile 150625 sperm.fsa ngasmile 150625 sperm- Equine 1.1 | | B
[ mrelo | mier ) Crwss ] [Chvs2 ] ]
80 ‘ 120 ) 160 . 200 ) 240
18000
12000+
60001
. PR AA.LALM,.A_ sk LnnjLA A . A M AR
PR, N
[ares][aroa]| [ar10s al11GI {a_nlﬂ [al160] [91216M
(st [az2) )
(azz2]
[e} mile_150625_sperm fsa Gangasmile 150625 sperm- Equine 1.1 [ ] ]
[ ASB17 B [ LEX3 | HMS1 ] CA425
Bp i 1?0 ) 11.30 ) 200 250
48001
3200+ l
1600+ l l I ! A i
4 | | 1}
5 L b, hiL «.\..A}L F Pt LI
a3 2158 2175 2238
2118 al 181

23

FA v & AAMEF 071 donor testicular tissue &£3 AES A F genotypingS
0

AAT A3, 7 koo thg AR n A Feo] HH o Eo
o 3jdo] WA H(recipient B A4 W donor el AR AL ARE FAL

genotyping system 2+¥)

71 donor horse?] E

o
A

o [
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O Recipient 42| genotyping Hlul o

Donor germ cell ©]2]
Donor testicular A Donor germ cell ©]2] %
tissue recipient =% Al recipient = Y A=
A‘LJ%
o/\l‘:%_l—o‘é‘o 70_15(?_]_.‘i%
073(Ee) oAl 124 = 15 oF 7 H%ﬁ 52t AHH
2070 A A=
oj2 T & o]% ¢k 671€E T AHA
071(EE) o) v 2 N s
1471 8} B
oj2 F & o]% ¢ g/d Tk AHA
074(Ee) ) 0] 7] N - =
2270 B A&
e oj2 T & o]F ¢F 9/ F<k AHA
070(EE) == 2H NELE
o]2al = & o]% ¢k 5/9Y ZoF AQHAHA
070(EE) e 14 = 15 of HEVO {5
2570 A A=
oj2 T & o]% ¢k H/d Fk AHAA
ENCEN
075(Ee) od“r‘ﬁo 87H 75510—}1 ’ﬂ%
23
- 9F 1207 AA AWZES O =2 genotypingS AAE A o] T Sk A
donor A|Fute] Id P2 FAT F A=
- ol ARoAE HAAE7IMEo| S T3l donor frEfl AAF A4 ATl
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4-2. Busulfan *&] ©]3% Intra-testicular spermatogonial stem cell injection& 3% donor -

A A A A9

O A7+ ¥4
O Busulfan A 2]2 endogenous germ celle] E3}# recipient 29 &Aool donor
spermatogonial stem cell ©]4] 3 donor & FA A4+

@ A7 WA
O 15 mg/kge] busulfang g ol *2|§ group> HAFEC] =UATE 2.5 mg/kge 2 &
2]t group> 3+ viElE HAMSHA| ¥ =2 endogenous germ cell B 3F&S UERA
O Ultrasound guided vessel injection®] 73~ donor i sperm AAHe A u)ja}93 7]l
intra-testicular injection WHS &8t HAxF ] donorE=7|NEE AHA R Ay
£l

O Endogenous germ cell E3}&0] 714 Eotx #oE busulfan* 8] 3 115} o]2] A
2] &

O 29| spermatogenesis 7]17+& oF 2¢& o|m g o]

genotyping #4& A%

ol
DN
fft
A
ol
2
fllo
:>|4:".
)
o)

© AT &

O Donor testicular tissueg 23k 1,000 x 106 cellsgE =4 +4E
O A AL 25 mle AW TS stof IAHAIR & A7 ¥
O Infusion Y715 &&3) 2 co/min =2 FYF

O F9 % recipient A9 23 = DNA 243}

@® AT+ AR
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© 7234

O Genotyping#-41-& 13 A9 sample %

Donor testicular Donor germ cell ©]4] A Donor germ cell ©]4] ¥
tissue recipient A (=) recipient 3 (23 F)
090 H] 37} 0] o] o4 % 13, 1658 AN M=
091 AEol o4 & 8 16, 19579 AH M=
¥ 3HA Dl HHERZE FASV|MEE o|2gA] oF 2 o] AFH3H o A
AANH7E d&etA NPHA G FFd -FdA AEHZ<I

e 22 HEFd
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A gB8ysiems

GEQ171024-001
GeneMapper V37 Donor sample
05 s
B ul
240
4800
2200
1800
n"JI‘J,“"i!LlI-“'-!'%‘
sl 1% CRLH i|'|’3|
:’L-" alir
] []
| ASB2
240
s "
£000
000
oLd i\ i PR Al ad sl
1 IJ":,H ol Wl l"l&!ll al 3 Ii’ﬂ
CRl 5:0&
i
B

B A ‘L|\ .Jb el J : A _JLJ i i i
= i 1 T
W @ il 44 5175 AT
' ' 1%
+ 1
& 181 e
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2. Applied -
A"-aaggzrstems- GEQ171024-001 0|4 ™ sample

GeneMapper vi.T EH_‘:EI'__"
08 50
— —
L] L]
200 240
12000
BODO
4000
4 i J A i Aa ol .lna.!ll i
L] LT LLL] '.'."!l-‘*
L] al 187 | @b 17

10000
5000
0 i ,dl *LLAJ i i bl A i n
Fedl sl ez
Ll ® ] gl AT ih o Ll k- !
1 ) E i } — s

Eouing 1.1 &
I "31-' 1 har s
180 200 240
4500
0y
1500
B T . PR A_J l i
im &l 140 8175 sl
| ; 2;"3
w1 .I il ]
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, 2 =
h% agg’;isetgms GEQ171024-001 0| “‘I $ 8F

GeneMapper v3.7 sample
Sampie Fila Sampie Name Panel 05 S0
|CheonDoongE week-20f8  CheonDoongE week-20 Equing 1.1 ] []

. VHL20 [ HTG4A | AHT& |  HWS7T |

B0 120 180 200 240

U e 173
Equine 1.1 i [ ]
_ASB23 d 0 ASB2. |
200 240
2000
anan
i - . 1 1 1
alng al 13 al o i [ AL [l [ o]
I ol 166 w2a
[ ] [ ]
200 240

O Recipient B9 MZS ACZ genotypingS F33 A3 HJAZSI|AHE o]y F
< Y F A=
O 949 AS, o2 &, oF 265 Hol donor geneo] WAH A7}

2 o8 23 9 7
HE AA £ Lot AF

0
o
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5. TUIt T AA(AL, ¥ XA ALHEAVIGFHY F5AT EAH)

5-L Ul & A A BHE 34A A

© AT 5=

O =4t & A3 A A

@ A7 =7

O =W datglol EAgol e} A7 IME 83 Do) i3] o] o Ao
734

O a4 @A T4k 3MA7 EASA o] AF AT FYske] AL Y
O AFM +9 F e Wi T2 ¥ BAL FA W 4K o & T A= A
of 2ado] T4 T AR AL Aol B Baro nHAIT e

@ A7 W&

O ofuto] o dlof A T FAS| A Z ALETFeT FH F XA N

O dA AMARSZ 714 wo] AFLE 1 Q= T AHANE A2 INRAG A Z3} rofnjo]
QElo A AZ AET F 7R FAACMY CAIGE vInH 7} AA|

O AYe] A2 2 YA B A HAAY T84 2 A4 HsE vlu/aF

@ A7 Az
() 4115 C) INRA6 vs SM vs CAL6 5|41Alo] o2 A2 254 ¥}

Total motility at room temperature (n=5)

mINRAS6

90 bl a b

a a BSM
ab ag ”
80 - a a ECALG
b a
70 - -
b a
b

60
g b
250 - b
=
E 40 |
=
o

30 -

b

20 -

10 -

0 .

Oh 3h 6h 9h 12h 24h 48h 72h 96h 120h
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Progressive motility at room temperature (n=5)

80 -
m INRA9G
aa Y
70
a HCAL6
a

60 - ab ab
S
250 |
.E
E a0
=
a
o
<30 -
[=]
a

20 -

10 -

o .|

oh 3h 6h oh 12h 24h 48h  72h  96h  120h
O dANS z}zto] 3| A Ao 3]A3te] ARy A INRAI6S SMOE 3|A % AHao &
43 JULERS o7} S

A
O INRA96S} SMo.& 3]M=Eo] RAHE Axlel AS BRI T oF 4847 FoF A x
°F 30% o4 #79

AT CAI6O.2 345 gAke] A 343E o] F5E FASA 254 A3

O

Ag
SM B9 A9 9 DAY B4R NRA% AAZ A 7Hsd
F YT QHAE S AR T ARERe] 48D 5 AL RO AP

6)
O
O

4y

% 4] ATANE FFFEAAARGI EAGEUE 250 AYHYon EiE B3

(20154 89 25-262)
% WA SM HAAE U BHYHNAE E52 AL fEsigor E5EE AaFE
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5-2. U4 T A W HE HHA ABCEAZIGT] FEAT AH)
D AT B3
O 23

- IUAl T BYSAAE S8 Y YAEE AA 7=

Eﬁﬂi‘ﬂﬁ 4F= %’— | SEE o83t AFHEE AHEste] B A H

- A2 INRA 96, SM, CA 16& 1:4 Bl E&(E A 4 . B DE 3|43} 4Toll A%

- APE AN E AR o E 24M%eke 138 74z A st 443 A&
Zog 2

O &84 2 23 54
- Light microscope®ll A X% o] 3l= CASA programzZ FAlo] &3 AR -&54
O A T44

- 100 mOsm<] sucrose solution<e AR&3ste] A HA o FAAL &

- AR AA o] Aejr AAZA o)W 100 mOsme] sucrose solutionol] ]38l #E] 7} Coileds
I A HA et v dA o)™ 100 mOsme] sucrose solutionol] WF-E-3Fx] go}
Uncoiled *El
nght microscopeS AH&3Fe] 200wtE] o] FAF = Coiled® AHAFo] vHI&S =34

O A&
%XP HES #HAAE= SYBR-14 / Propidium iodide #3d2A ks 83 double
staining 71‘%% 48
- A2 yESE HAAF 82l florescent microscope$} flow cytometryS &

e

!

- Florescent microscope
- Florescent microscope® #ZA] Alive HA= SYBR-140] M=o A gFS =
Dead A7t= Ploll @A =o] A4y gS o
- Florescent microscope® #&3ste] 200vte] BA & SMYFS e AR vl &S
=4
- Flow cytometry
- Flow cytometryE &&3}o] SYBR-140] HAESIE=A] Plo] AAFEJAE=X o wha}
programel weba EFEH G2r)t ofd 2dL wE EF
O HEZEgo} v 244
-HERZC o) v X8 JC-1 FFFMAIFoZ FA T florescent microscopes &
g3l #F#st= WHI Rhodamin 123 FFIMMA oz A2 3 flow cytometry2]
program< Z-&3t= WHS o] &
- JC-1
- nEZT o} gro] AHAlolw JC-1o] FA = o]