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Abstract
Objective: Pluripotent stem cells derived from testis are a new, unlimited source for cell
therapy in regenerative medicine. Recently, studies show that spermatogonial stem cells can
form embryonic stem-like cells (ES-like cells) in vitro. New procedures such as low
intensity ultrasound (LIUS) can have positive effects on cell growth and differentiation.
However, the effect of LIUS stimulation on ES-like cells has not been explored. In this
study we investigate the effects of LIUS on colonization of ES-like cells.

Methods: Initially, we isolated SSCs from neonatal mice. The spermatogonial and Sertoli
cells were cultured together in DMEM/F12 supplemented with 15% fetal bovine serum
(FBS) and leukemia inhibitory factor (LIF). ES-like ceIIs were stimulated by LIUS at
intensity doses of 200 millwatt/square centimeter (mW/cm?) over 5 days. Characteristics of
the isolated cells were confirmed by immunocytochemistry with Sox2 and SSEA-1 protein
for ES-like cells. We also investigated colonization features in the ES-like cells.

Results: After 21 days, we observed there was a significant increase in diameter and
number of colonies in the 200 mW/cm’ group compared to the control group (p<0.05).
Pluripotency proteins, ES-like cell marker Sox2, and SSEA-1 expressed in the ES-like cells.
Conclusion: LIUS treatment can be an efficient, cost-effective method to improve
colonization of ES-like cells during culture.

Keywords: Spermatogonial stem cells, Embryonic stem-like cells, Low intensity ultrasound
(LIUS), Neonatal mouse

Pathobiology Research, Vol. 20 (2017), No.3, Pages: 49-60

Pathobiology Research, vol. 20 (2017), No. 3

£


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

Jwo! Ao

T190! Wb 31 s 1390 g0 A I (> duw (S3Ly Sl gl SLw!
oml O b Ogol
" o0 0 ygutin (S Bl 0 4 (' soae 5T

Ol O e pide S ol (S oo 0aSiils 125 p ke 03 8 eyl ity 8
Q\j_‘gb\ﬂj Lua‘)-»\ﬁ C,—:.'j}' aL<.i."\.: ‘Lgi'&/; {}J& o.'\g.ig") s@rﬁ ()lﬁejjfuliahw‘—\'
Qlﬁl AQU@J e Sy aliiibcé.i}_' r}l.a 0 ISl gcjﬂ‘«? r}l&a};ml&wl—\‘

e este 05 8 ((Saj e 0dSals (e Sy 7 B VNN 2 2l 01 011 1 ghos ookt 5 03T
Email: z_mazaheri @modares.ac.ir
A9/ F/IYA Wl 5 dy A0/ Y/ F dllas oL s

s LS

. e

S 03 Sl dgbew sl 5 (Sl e S ey C3L Sl el Gl Ol 3l s Jshe i ia
O Alg e A bl Ll 5 5 568 sl el (ealin ladsh S el O Slis ol Sldllas s 2Ll
Loyl 5las 548y 55 e ST emls Said b gl b sl Sleslinal il ot i a0 by sla b
el o 4 o3k e 5SS s Sl el U adllae a5 Ga sl

o3 Ladsbw sl Osls CiS 5l s B2 590 515 56 4z 31 568 5le el (oolin slad sl dawl tla 595 5 5140
Yoo QJJ\_,QH\]%C!}«\L)J (oo s) oS Hlgs J»l;;é;lfy(ﬂ.\wp Vo sy DMEM/F12 L.
Gl Kl Jasy i 4 93l ladshw i 51,5 (05 St 5550 Steay (0 e Bl Sl o)
A bl e acd ol sk 15 0 Glaaasiie 5 edd aul SSEA-1 5 Sox2

Comd 25 05,8 55 (i ot ool glad ke (sl S50 sl 5 a5 55 ()l e ol 31 4S5l LS s
SSEA-1 5S0X2 Jd 5l e 4 o3y lad sk Jls5 5 s b, KLis (P<e/00) 5l s 5mm s J 28 058 &
L ol

Sladshn (558 D 2 g 53 Sl 05 5 b S e Gl DAL s 1 el 168 domS

AL S Ole s s and (ool

s Shsn g 1 el i b ok ladhe (58 sl el (3l sladshe 1031 9adS

Pe-¥A alades AP Guly o jlad (Yr ooy 90 (Seus) oealads .TA_.mJ o yha 95

dodls
ladsh dax 51NV W52 00 sdisegul b 4, s L el B padizs 31 (6ol @xddS aas 55 b
D3 sl 55 50 Slidss Ll 5 Olags (gl oS (o3l L ols sl slad sk d5l g Ol Sas w Ls S lea.a
Spermatogonial ) S 5l ol (g3l slad s (X, 5 ladsle Kl b as S Lus aass ladshe gyl o
50 VYO Sasle o lauh o 090« uans ) el cua (sLa s5 53 o«


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

353 yaual ol o sl (534003l 53 & gusl 6 glgel GHES

lrols S cll ols gl ad e (SO S o
Lacp Sl 5 S ladUls (i sladylw ois
Slal yesdle Lol ) (Jsle 5t slaply) (Integrins)
3 Slays esleal VY L s (G go 13 el sl
Say Dldllas 5 - Lo (Wood) 555 vy gl o=
g Do b 2lal 0] s Sl O Sleys sl LUl
S Y BN VL Sl 53 L S el 51 ol
el 455l oo 0Ll gl o3 5dmn 51 25l 5 (558
b sps ise 1 b s LSSl Sy oK
Lasos Sy 18 2yl anidS 53 N dled e sl
WAd o eslinad el Sl S Olpeas 5 oL oo sen
503 55 Sleys Al mlsal pl oS ek Gasite 058 s
L sl oo 5 JUEs) g Sl 15 o o gn 13 el
T E Y S P PN VNS PPN [PV
S5l s sl aS oS Sl (aolse 5 03
53 landlas O St V] Sl plae S5 sladbeys
S S35 omly Sai b g 1l i o g
3l gladshe 4 01 o5 5 558 pile ol (g3lis slad shos
e P a5 LIl a3 S )y e 4
i ool sladsl 5 555 5l ol o
b zloel 6B 6 ol o OF 5 s adlllae al 3 (o
sl sladshe o568 5 W s, mb ol b oo

D yS gy p S b

TR PY
Skizos S

Zhiel U 05) IS Jold o5 8 53 asdllas ol 3
53 (a g Sl b sl 2665 8) SlesT 5 (&5l 3
Ao 310 S Lases S cibesT 05 S s badan S L
Tl U s v i ol slad ke ol

51

cladse 3 pla b e e Aol 5 . azea (stem cells
Mol 53 55 e il b g o ST 558 sibe el (55l
2348 ol Sy o el ed (6 e e
25 pdey e O e (Spermatocytes) s Cow sle ol
Syd e (Spermatozoa) 13 sl el W g 4 s Cole
Gl glas goy 48 5 515 LS sl el (sl slad e
5 V] u—i‘)'f;:_—w‘ L Jsme Glu g sladly)
sLdde 2l 5 g pdbies (INVIVO) O 0555 Ll 2
boe ol el s 55 Skl ool
Ll sladsbw 5o s S55 el L b Sl
S5 slads s i e o b5 (Germinal cells)
55 aS ks Sl slad o Lo (Sertoli cells)
Al 52> (Seminiferous tubules) L. ce sladl)
o5 eaer 5 Ll gbadghe 5l Sules L ladsle ol
(=il ule= Julse |3 51 (Cytokining ) ols oS s
L0-¥] S o Ll | e 25 gl dis 5 Ay alse
(Pluripotent) J1s5 , sladslow dax 51 558 5l e
Gie (GONOCYLES) e 55 55 51 i Olej 434S o
S o &zl Sl e sladd ) 5 e S
(555 5ol g3l slad sl &5 das o 0L Sl
iy SLACIS Lazee 53 WIS o p el @2 pled e sdle
wan D= s byl s Sl a4 ol Jsbe @
Jlo s [ 5 (Kanatsu) 5.5 cales 51 cpudases !
Sladde Bt G850 &S Log SLS ol > (Toot
511, (Embryonic stem like cells) > a4 o5l
sl 5l 5 00,5 e 358 sila sl 3l sladsha
Multipotentgerm line ) ol 5 sUls e ol slad sl
e Sl Sldlas o5 0l [1] dules sl (stem cells
CAe L g 1 el ile (i sl S5 estanad
slads b 5 20 Gl (ARl Ll s 55 ol
DA b Sgo 1 zlpel [V ] ol s el g3l

My GUls S dten ool G50l L 7 e Sl

Pathobiology Research, vol. 20 (2017), N0. 3 09


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

S il asdlas ol ys edd O pa s sls s slad b S
s 4 (Ol Sigma)
3 0BT 5 Jhseslys s V0 (ilulr HL pa gl
S 5l A Sl 3 eslind aay il gl NMRI sl
PBS j5 sd 5 cnd Sldm 5 2ol Laaay Ol
c S b >. a4, (Phosphate buffered saline)
Jte SLol sl 5 JpusS . Las Jaze DMEM/F12
Lo s 55 Lads g 5 Ad axils » (Epididymis ) !
GUSNS 2l ke p S ke +/0) w31 (s 51- DMEM/F12
S Len [T IA] S el (55 S 55 labab o
Lagds 0 Cdoay Sla on o) Oladad 5 Jsho (551
by GYLPBS s 5 558wl alds 55 5531000 s
350 Ol 5 A Sl Sy oo ) 53 S o
St Rl adds 53 50 W Cepu Lads ¥ desy
Sl e gladd ) Slalad a5 o2 o o sl ol
23 A5 e Bl ean s Al e 35ls iy e gl S 3y
Fr Sy s +1Y o T A e ) Al e
U s Sl b Sdoty s L3 a3L1 0,06 ) S
by Gl iy M RS S sl oS
V 5 LIF uxls Yo+ gl 5 FBS 1sy3 V0 s DMEM/FI12
elxil (beta Mercaptoethanol) Jsblszls o by )V e Jos
sladsbo gsls ol as Sl Ospibisn 23 5
Sldm 5 iSOt il Jsim 5 35S 5l
Sl e ke Y0 s b s glus sl L Jle 5oleds
V 3 LIF u_~I5\ev FBS o, \0 s DMEM/F12
Ol S5 ¥ a el 228 IS IS el )Y 5 e

@by sled g 2558 QL5015 s
sl 5 5 555 Sl gladshe <25 51
AN Sl ) s 4 lad el Gie gla SIS

52

Ol san 9 caslic )
At asli 4B Yo LS Ol 5 ae st Sl
o3> S8 5, VY Ddeay al el 5 Jsle Sl Coner
Olpe A 51 0S5 5 o 5 o5l 5 o3 55 02 5 KU
Sl (Gt (pl 53 S sy 213 5SS Sla e
s Sl shitens ( ge 0035 5 S Sle el lad s
2 Sl 2y il (5 e slad sl L 0T 255 0a
SRR 2 6l 3y QBT Salis hee e 10 (g3l L
Lo 53 s g 355 ady s Jaze olK5L5T 4wy
S\t et S 03 s 3 83U a5l sl oS
A anlsd aalad SSIS [ sba g T an

2> I8 5 G55 Sl (s Ol e
Dulbecco's ) DMEM/F12] o4 ase o iS Ja e
Fetal bovine ) FBS «(Modified Eagles Medium/F12
Leukemia Inhibitors ) LIF uls \++ (1s,5 Y0 (SErUM
J5bIlS o b (5,0 b el laduud dsys ) ((Factor
dos3 ) emle gy el [ (s 5 Y g e S
gl DAl B ols s [(Penicillin/streptomycin )
BE @fﬂ@uﬁu}k Yor Qs L atwgy &gl b
Al slaeay OLL 53 A eddl adshe cpl 4 55, 0 ke
Sl et s ol Go b 5 e a3l lad e oale
A eslanad SSEA-L SOX2 (sla 55,0 &

SE S gl Gad g iS5 g5lular
55 b et 55 a5 55 e el ek
5 by Las e SO 5 sl o2 al
(National Medical research institute) NMRI 515 5L
oo oSl aliile 53 5 oM A S5l e
SIS i Loyl o e Sy R (S
ad e 3lultr sl re55, 0 B Y 355 sla ige . ils
asllan (sl 53 eslial 3550 la iy ool s eslinud
Sy pate s ALl (S S aS sl G
Lol OYSWAY el oplad b oyl Sy 5 o025

AP sl ¥ o lact Y 0,90 (et ) el T (sLa 4iia § 50 oY


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 ]

o295 3l ypanl (53l (S (53 p4a 3l 3 © 3usl 6 el A

R O T Y G W L Sdd s 5 K
TINIV PP C WISV S [t C‘f" NARHINR W] Py
PHYSIOMED) (Ultrasound machine) < sl 3 olSaws
Y0 skaie mlan L (Transducer) dis G ok 51 (0L
5 ddews o S (Coupling Gel) Ll J5 5 e s
VY L pl SOl sl gl s aacdls 1,5 clis G b
Vo sla JK2) s ol ad b 4 (dsy3 0 COp 5 asr s

Y

b s sl (e LSS LSS s Y e S sk Sl
(OWJT Ziess) o sSae 58y Sn SaS 1 0f sla 58

S Gl il 5 s il 1 LT Bl 1S5 L ol
A enlaad

el p s

53

Pathobiology Research, Vol. 20 (2017), N0. 3 oy’


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 ]

OlylSen g aslie (Gl

[V ] LSl ol slod dad s S5 s 13 2lsd as 26 s, ¥ JS2

Sy gt sab 31Ad sl Slind J5 S L b sal
J“:‘é)bjji}“‘j C,.M.n)jb g))&u}ﬁ:&&.«sm‘:.\&

olel Jdow 5 45
el 0l d‘—i‘)‘ Mean+SE = ﬁ;L.E.a fL_AJ

Lad e 55lS sl 5 JJad s 51 eal Csenas el
o lls BT LWl a5, 5 Student T-test Jaw

s (one way Analysis of variance: ANOVA) 4 b

Sl e A alie (TUKEY) (S 55 0551
Ao as S L s P<e/eo

@L:S
o 55 Sl el o3l glad s W
S e galky slad g

ety &S 558 5ol o3l sl sl sdalie mls
S e and ol glad e 4 plies Sl 555 V)
Ll sl b aS sss Cgo ol Lngp as § 515 W

54

ad ook slad gho end gt 8 peal 2L 3))

.o

oy
Shsdaal Consay i 4t ol b S5 b sl
A eslinul (IS 6l Sigma) SSEA-1 SoxX2 sla 55 »
S s ol ¥ s el ol S gla SIS
S5 Sl e 3 AE Rt DU L5 833 0 ke
3 S 13 dmys b au e b L s aids Yr e
358 Jugmed (Sl aids 0 Ddas Dland Bl s sl
(Triton %-100) X-Ver o5 5 5l edsbe s 4 g3l 5T
Voo 53 01 S 3laslge i oalinl 4d35 0 Doews Loy Y
olol 5l S Sl a3 YV slos 53 4ids Yo Ddewy Ao
JUIS 3k ST adsl (s3b BT o Sl 4y s .28 S
SoxX2 4 (Rabbit polyclonal bs-1702R-Cy7) SSEA-1
sl Y Gl 5 as wlsl Vior &3, 4 (ab97959)
b e opl 51 et S 3 S mlear s £ sles
S0 i3> 0 Ddean 5L e 5 oland BL L slns L
a5l 3k T 4t b STL Cele Y Stons La o
Donkey to Rabbit ) (Phycoerythrin) PE L 45 55 8
ool g SUI glas 5 S0 55 ViYee 255 4 (IgG ab7007

AP sl ¥ o lact Y 0,90 (et ) el T (sLa 4iia § 50 og


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

353 yaual ol o sl (534003l 53 & gusl 6 glgel GHES

A )bk_?g;._ib-u_il.b;ynj.:av.am}&a-ﬁ ¢‘-;.,é.:{
(¥ U2 55 3 5aka SlS

(555 Sl al Gla s dS GY el sbl sla SIS

L S IS hls Ladl 181 amils ol anil>

V\_}}_)):A{J}Jﬂ_}k@é:%ébd%&j‘ah?@:q@ﬁ;{ifug;aégl)rdg..‘;

S sl olis Ld_njjfwéijJ.:szj @ 5 GL:S
G e S 5o ek ol gladshe SIS LS g sl
0Ly 535 YV L5 WS 05 8 a0 Cnd die s Sogun | zl
Sl (PSe/00) il ox STy (g5l e Eul8l (S
3353 5o B ol sloatin 5o 25 5 0500 8 o S
ol a8 Sl e 4 o gl 05 s gl 2 058
(P>v/v0) WS sdalie é)‘bubu )y

o 4 ks glad s (G558 oS 5
&3k gladshe 25 S5 L) s 3l Jol s
el Ladslow sl a8 ols lis S aoes 5 i 4l
slowl |y $sdS aslsl 55 5 esls Jﬁ_\; L S Olrazs
o Jjé Lsuj:ﬂ‘)[i L) Qy‘ﬁ C‘}A‘ QL:A &J‘i‘ BE) .J.;‘e);
ad ool slad e sls SIS s 5 shaar Elsl el

.(o}f.J_(;z).ug'?}

|
&

Yo A £ e
.):(.
3. ]
- Yo -
)g, Yo 4
3
\ t t t
\STP) Ve 39, AAISTY!
390

w_<L_:.ni)iSE].\_h:uﬂuL;.:lJJﬁS:};MWJAJ}uQ}LﬂJ%EC' ‘Clja\u;;l;u},\..}u:..Ue}JfJAJA‘j}lfﬂ.bdwﬁl:.»@lﬁﬁd.b})w@i Ji.;

[P<e/v0 =Y (ol

55 Pathobiology Research, vol. 20 (2017), N0. 3 00


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

OlylSen g aslie ()

Ve 4
10 4
] .\' -
4 o0 -
0 -+
£0 -

— o

Yo -
Y T T 1

\STP) Ve S YN 59,

390

‘tSE).x_nu_a;;L.:;!)Jj_:;s%_fgg@)\;w;;}w:eze‘Cl}a\Jt{l;oj_x”u:%l;g}ﬁﬁﬁ;ﬂ};&ﬁ_;jls,uafqlcﬂglﬁ:g;x})wu.ao e
(P<e/v0 in=y

i ey Laddw ol cabe a5 Ol )50

(A1 J&.d) S

s o3l gladdew coabe 51 Oluabl Jpa> (5

s3li_ul SSEA-1 S0X2 sl L& 5l s

5 (4',6-diamidino-2-phenylindole) DAPI . sl 5 5w () 5 (@) b IS (O i 4 eoln g d e SIS 3 S0X2 AL gV S
(Merge) o plel

56 AP sl ¥ o lact Y 0,90 (et ) el T (sLa 4iia § 50 o1


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

353 yaual ol o sl (534003l 53 & gusl 6 glgel GHES

s olesl 5 DAPL sl i () 5 (il (sl IS () i 4t g3y o 1S 13 SSEAL SiLis oy v IS

plesl sDAPL , slas ;'ﬁi}i‘\.g(c))(uﬂ\) ksL&Jg.:a‘(\_.J)JQJ.AJ}'SBJ;;ﬂ)J‘L!&Qé)%éud}lﬁd@ﬁ)APELA;}:,.’*}S};;L;J son N JSE

ol

57 Pathobiology Research, vol. 20 (2017), N0. 3 oy


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

SS9 IS Ll e oy SAS L
534S Gt 3l IYE Y] il J5e 558 s5le sl slad s
Sledidnlonl o el ol b ol aallas
5 Xl (S S Caale 568 gl el 3Ly sla s
Sl 5SSl SIS L bl ey Bl s
IR WU oY S L R JU LA
Sl sladsSse 1 R Ll 505 VY b ol
M S5 0 badshe 2y Bl Gl 4 e ol
IS o5 8 S ) b G518 a5 alad 4z 55 5 355
o s S T Ll cnl ey IGO0
SlsFer SIS sl el b 5l e O &
gl L dall s plonil aalllas 5 oS A 4 350
A Ol 5 odd o 958 Sl Sl o5,
el 03 52 S D5 Lo S 4lS

Sl e S Olpea b A Lo s | b sl
el L5 o i g sba (S S nsd b S
ol bl Jlasl 1 ol osls c2S sla Jolen oSG
Ol o SEWIL SO slaskis S o 51 (S Ol as
slaazia 3ol Cows bt 4 a5 L Y0l AT s
Ladsho (aopaly 45 oy oo ey ¢ b il slaSluly
a3 iy pasia Sl esgdee SO s 2l Sl 4
bt S s s Sloss Do an sl S s Sl &
ol (oLl Dl end 5l mlsel 4 pas il 51 ey S
SV I s Lo Sk slml 4 536 sl 5l A
S patde wd P ol L e (2SS e
Dol b el A o i 4 S 5G5S
ezl glalimSle LB il ol Sodd b atn e
S Sl Jsb plod 53 b 558 a5 sliws ¢ s o le
Rl s 03,50 Sl alsel S U RS 65 8 4
s Cad pa 5 p3d laazis 3 Sl (oS i
sy s Ldia IS sl 5 3L aelsl e gy ol ol
Lle SL Culs (J 58 05 S L M

58

OlylSen g aslie ()

orb s s eslinad 55, 0 BY 5 5l asllas ol 5o
Sl s i 033 0=T 155 (NMRI 315) s a5
e Sl A s S Sl sl d sk Ll
sladsbo bl Led 050, N i 5o 3l o gladl )
Aoy VN S gosba o Jgi w5 A & S 5le e
A p5 S Sl sbdsle ) s ol sbdsle )
L s S5 J5m sladsle 1 0T S0 doss AL
L;LAJ;-L«NL»«:)& J sk ty 33 ol Aays (e JAa158
o s s Al o A A g S8 Sl
sladsbou glaasls 5 5l K &S ool gl d gk
255 ise Sl sl ol oo Sl A g 5SS il
LYY 0NV ol s s WG

Tl a8 as et e el Cose s il
Oljme L5 55 dealgs 53 ol s b atusy sl 2
05,5 dn i ) i b gl gladple 15 S
313 0L DL sl sl gl cal as L1336 co IS
2l b o e sll v w8 o5l sl &S
5o VY b L e ol Cud b Aty Dol 3
ssbaly eddsbal Gl 55l a3 5 5 S5 5IS Olss (oS
L5 Yord Jlo s 6 slarllas 53 das 55l 6,05 sae
|5 glosl a8 s st 05 5 el cpdioes Sl am
sl sladshn 25 o Sol b b L s
3les, S cplasi o Sl OU Ay 3l el Grie endile
ol 34y Gl SAS LS g | el oS L3l L (s
sladsle S0 s 4 e coul 556 MKA A JBlu-
ol 03,5 b el b el sl 353 panEilie (o3l
5 ol ol A, else lsl3l Jgho Slbl iy oa
S ool Al Jalge pdm w bad e Conlia L1550
LYY] el

Sllde oy YoV g Jlw s 48 (6 Sos anllas s

gy Sy 1 plgal 45 AS e (b S el i

AP sl ¥ o lact Y 0,90 (et ) el T (sLa 4iia § 50 oA


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

353 yaual ol o sl (534003l 53 & gusl 6 glgel GHES

uﬁ:).@‘, r{n.::w

iy Ayl el S el LG ) s ol asllas

03 g3 e CA:;JS NEOHN L;{*;’)ifjlf’ 0 A5 GJ":J(’)‘L;
ol sl €l>u‘ u,u).)w QA:JJ.T eK.i.;‘) JL& C,\.:Lv L‘}

[1] Lanza R GJ, Hogan B, Melton D, Pederson R.
Essentials of Stem Cell Biology. 2" Edition,
Elsevier Inc, 2009.

[2] Takahashi K, Tanabe K, Ohnuki M, Narita M,
Ichisaka T, Tomoda K, Yamanaka S. Induction
of pluripotent stem cells from adult human
fibroblasts by defined factors. Cell 2007;
131(5): 861-72.

[3] Parks JE, Lee DR, Huang S, Kaproth MT.
Prospects for spermatogenesis in vitro.
Theriogenology 2003; 59(1): 73-86.

[4] Huleihel M, Lunenfeld E. Regulation of
spermatogenesis by paracrine/autocrine
testicular factors. Asian J Androl 2004; 6(3):
259-68.

[5] Roser JF. Regulation of testicular function in
the stallion: an intricate network of endocrine,
paracrine and autocrine systems. Anim Reprod
Sci 2008; 107(3-4): 179-96.

[6] Kanatsu-Shinohara M, Inoue K, Lee J,
Yoshimoto M, Ogonuki N, Miki H, Baba S,
Kato T, Kazuki Y, Toyokuni S, Toyoshima M,
Niwa O, Oshimura M, Heike T, Nakahata T,
Ishino F, Ogura A, Shinchara T. Generation of
pluripotent stem cells from neonatal mouse
testis. Cell 2004; 119(7): 1001-12.

[7] Guan K, Nayernia K, Maier LS, Wagner S,
Dressel R, Lee JH, Nolte J, Wolf F, Li M, Engel

el 4 31 0L Shassy cul 3l ol gl IS b

O 5 432 oS gy SOl b ol L ope 13

s o3l sbad ke 3l s sl Sl 20l
s ealil Kl e ol 83T Jases 53 i

b
W, Hasenfuss G. Pluripotency of spermatogonial
stem cells from adult mouse testis. Nature 2006;
440(7088): 1199-203.

[8] Seandel M, James D, Shmelkov SV, Falciatori
I, Kim J, Chavala S, Scherr DS, Zhang F, Torres
R, Gale NW, Yancopoulos GD, Murphy A,
Valenzuela DM, Hobbs RM, Pandolfi PP, Rafii
S. Generation of functional multipotent adult
stem cells from GPR125+ germline progenitors.
Nature 2007; 449(7160): 346-50.

[9] Kanatsu-Shinohara M, Lee J, Inoue K, Ogonuki
N, Miki H, Toyokuni S, lkawa M, Nakamura T,
Ogura A, Shinohara T. Pluripotency of a single
spermatogonial stem cell in mice. Biol Reprod
2008; 78(4): 681-7.

[10] Ko K, Tapia N, Wu G, Kim JB, Bravo MJ,
Sasse P, Glaser T, Ruau D, Han DW, Greber B,
Hausdorfer K, Sebastiano V, Stehling M,
Fleischmann BK, Bristle O, Zenke M, Schéler
HR. Induction of pluripotency in adult unipotent
germline stem cells. Cell Stem Cell 2009; 5(1):
87-96.

[11] Wu H, Ren K, Zhao W, Baojian GE, Peng S.
Effect of electromagnetic fields on proliferation
and differentiation of cultured mouse bone
marrow mesenchymal stem cells. J Huazhong
Univ Sci Technolog Med Sci 2005; 25(2): 185-7.

[12] Eduardo Fde P, Bueno DF, de Freitas PM,

59 Pathobiology Research, vol. 20 (2017), N0. 3 09


https://mjms.modares.ac.ir/article-30-8216-en.html

[ Downloaded from mjms.modares.ac.ir on 2024-05-19 |

Marques MM, Passos-Bueno MR, Eduardo Cde
P, Zatz M. Stem cell proliferation under low
intensity laser irradiation: a preliminary study.
Lasers Surg Med 2008; 40(6): 433-8.

[13] SchwartzZ, Simon BJ, Duran MA, Barabino G,
Chaudhri R, Boyan BD. Pulsed electro-magnetic
fields enhance BMP-2 dependent osteoblastic
differentiation of human mesenchymalstemcells. J
Orthop Res 2008; 26(9): 1250-5.

[14] Sun LY, Hsieh DK, Yu TC, Chiu HT, Lu
SF, Luo GH, Kuo TK, Lee OK, Chiou TW.
Effect of pulsed electromagnetic field on the
proliferation and differentiation potential of
human bone marrow mesenchymal stem cells.
Bioelectromagnetics 2009; 30(4): 251-60.

[15] ter Haar G. Therapeutic applications of
ultrasound. Prog Biophys Mol Biol 2007; 93(1-
3): 111-29.

[16] Lowry WE, Quan WL. Roadblocks en route
to the clinical application of induced pluripotent
stem cells. J Cell Sci 2010; 123(Pt 5): 643-51.

[17] Graf U, Casanova EA, Cinelli P. The Role
of the Leukemia Inhibitory Factor (LIF) -
Pathway in Derivation and Maintenance of
Murine Pluripotent Stem Cells. Genes (Basel)
2011; 2(1): 280-97.

[18] Asadi MH, Javanmardi S, Movahedin M.
Derivation of ES-like cell from neonatal mouse
testis cells in autologous sertoli cells co-culture
system. Iran J Reprod Med 2014; 12(1): 37-46.

[19] Nazm Bojnordi M, Movahedin M, Tiraihi T,
Javan M. Alteration in genes expression
patterns during in vitro differentiation of mouse

spermatogonial cells into neuroepithelial-like

60

Ollsen 5 caic Gyl
cells. Cytotechnology 2013; 65(1): 97-104.

[20] Mohagiq M, Movahedin M, Mokhtari Dizaji
M, Mazaheri Z. Upregulation of Integrin-a6 and
Integrin-p1  Gene Expressions in Mouse
Spermatogonial Stem Cells after Continues and
Pulsed Low Intensity Ultrasound Stimulation.
Cell J2018; 19(4): 634-639.

[21] Bellvé AR, Cavicchia JC, Millette CF, O'Brien
DA, Bhatnagar YM, Dym M. Spermatogenic cells
of the prepuberal mouse. Isolation and
morphological characterization. J Cell Biol 1977,
74(1): 68-85.

[22] McLean DJ, Friel PJ, Johnston DS, Griswold
MD. Characterization of spermatogonial stem
cell maturation and differentiation in neonatal
mice. Biol Reprod 2003; 69(6): 2085-91.

[23] Yoon JH, Roh EY, Shin S, Jung NH, Song
EY, Lee DS, Han KS, Kim JS, Kim BJ, Jeon HW,
Yoon KS. Introducing pulsed low-intensity
ultrasound to culturing human umbilical cord-
derived mesenchymal stem cells. Biotechnol Lett
2009; 31(3): 329-35.

[24] Mohagig M, Movahedin M, Mokhtari Dizaji
M, Mazaheri Z. The effect of Low-intensity
Pulsed Ultrasound Stimulation on Neonate
Mouse Spermatogonial Stem Cells. Modares
Journal of Medical Sciences: Pathobiology
2013; 16(2): 85-94.

[25] Iwashina T, Mochida J, Miyazaki T,
Watanabe T, lwabuchi S, Ando K, Hotta T, Sakai
D. Low-intensity pulsed ultrasound stimulates
cell proliferation and proteoglycan production in
rabbit intervertebral disc cells cultured in
alginate. Biomaterials 2006; 27(3): 354-61.

AP sl ¥ o lact Y 0,90 (et ) el T (sLa 4iia § 50 T


https://mjms.modares.ac.ir/article-30-8216-en.html
http://www.tcpdf.org

