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Abstract

Background: Induced stem cell production technology has made diabetic patients more hopeful for
alternative treatment. Recently, it has been shown that the use of growth factor micromolecules can play a
role in increasing insulin production.

Materials and methods: In this study, the effect of growth factors (TGF-B, EGF and HGF) and small
molecules (harmin and WS6) on insulin production by beta cells was evaluated. Insulin gene expression was
evaluated using RT-PCR. Also, the amount of secreted insulin was measured by ELISA. Using the MTT test,
the survival rate of beta cells treated with growth factors and micromolecules was evaluated.

Results: The results of ELISA and western blot showed that the use of WS6 and harmine along with the
simultaneous use of EGH, HGF and TGF-f increased protein expression and insulin secretion compared to
each alone (p<0.05). Also, the expression of insulin gene was increased according to them. The survival time
of the cells treated with growth factors and micromolecules was suitable, and with the increase in their
concentration, cell death of beta cells occurred.

Conclusion: it can be said that the use of micromolecules and growth factors can have a significant effect on
the proliferation of beta cells and insulin production.

Keywords: Small molecules, pancreatic beta cells, pluripotent cells.

Cited as: Akhavan S, Sanati MH, Irani S, SoheiliZS, Arpanaei A. Investigating the effect of micromolecules and growth factors on
the proliferation of pancreatic beta cells derived from the proliferation of human induced pluripotent cells. Medical Science Journal
of Islamic Azad University, Tehran Medical Branch 2025; 35(2): 129-135.

Correspondence to: Ayyoob Arpanaei

Tel: +98 9123372143

E-mail: article.school2022@gmail.com
ORCID ID: 0000-0003-3872-2933

Received: 13 Jul 2024; Accepted: 24 Sep 2024



5l i b ol 51 iy (518935 3 o J5Siho 35 3G ooal3T olSLSNs Sy pole alzmo /1Y

ol o131 oLl (S 33 pole aloo Original
WO LYY Olxaos A FF sl oF o)lod ¥ o )50 Article

Ly s Jobw iS55 (59 y2 oy syl g b Jgslo 3y s3U (v
il oot B 3l y1 sl iS5 31 oo oo (yol Sl

" ST Sl § e St 1585 ¢ (Sl g (i (s dozmo < 41951 oaman

Ol 0l el Sl3T oSty il 5 psle axly f Kon (gl (5515 5 psle 0aSLals ¢ quslidh Gy 05,5 |

Olrl OIS <8330 § Sy (gmie sho 0aSiimgy ¢ Sy S 095

Ol IR (S5 8ST g 5 S (pdin (sho dmga  cordy 09,5 T

Ol (O3 4835992 5 (smtites S5 (sho o s sharmo 5 xio (53515 09, T

ouS

0l s gl e 03,5 i outeol ol oy 0 Ly ol hylows o (6l (golits (sl sl ass (5li5 \ B g Aliglas
a3l A3 G2 Sl Ay il 3 il e 5, sl piSTs La JaLo i, il oolin] 45 ok

s e A5 55y 20 WSE 5 Gejlo) b J5SLo 3y, 5 HGE 5 EGE cTGF-f) w3, slo 556 G aellao (o oy (495
oS el ped] e ot L8518 i) S50 g (F Ol RT-PCR f 00lial b 28,57 )18 )l 050 Lo (slo ol
Sype lo o5l 51) 5 iy slo (oS Lo Jloi L slo ol (o 0y 500 MTT Can jf o0liinl b il (655 ojlud] [ Y] Lacss
S8 ]

Olo p2 TGF- s HGF EGH I ylojar oolizul g ;LS 0 eoylo g WSE [/ ooldin] ols Llid Db G g g [ Y] gl :daidl

i8] o] 5 Glo T el 4 izman (< /2 8) O Ll lei 4 pUS p0 d Cond | ] )T g i
ol Spo ] Clile Gl L 5 0 cnlio b JpSLo 1y 5 iy sloypSB Lo Jla sl folo Jloj oy liee 8L
ol 2y L sl fsle

s g Lo slafolo iS00 (§pKoin il Wl po A3, (slay3iSE 5 Lo f5Slo o, I oolitn] CiS Gl co 1§ yuS AT
Ohig sl sl (ol Sl Lo slo ol o fs5Lo 4, o sls 655

Jb sl sl sl oaig iy (lads (1) 355 o0 guae Aoddio
Cdle &5 00,5 50 SIS (Slimgan (28) Cuwd jlay i esb o1 55 85 ol Sglie slas bons 51 oraped oo

@i sl S g, ol 5l el cabs ()l Lol
(53350 )5 wbe Sl ke sl dshe (23Rl cur
e Olsn ool sbe Jsko b S5l pl wiile
o glwdl LAl les  sla Jalow (V) ol aid )F

JHe 3l (=5 cals ol oy polie )l iinn e wid
5 65 S (2loyU s Lad Aalidl YU 93 0id rpe
plad Ay oie ald i 9)lge j0 a5 Conl el OIS

ol Sih e Lo Jolw o oS lgael Lo 5 e S5 5SS 055 S5 ES s  ein (SE e g 045 2 st ki $ o3
. -. . g & . (email: : article.school2022@gmailcom) sl o sl  Jame
bl plo b u—""‘i‘ 6,55l 4 é?‘) @')i’ Q9™ ORCID ID: 0000-0003-3872-2933

Lo sl 0y ,0 Cnibon 052y Ly sl 55l s IV e s

VEYNVY dlae By b



WY ol Ko g oylg5 ] oouzw

VFoF Lol @ Yoo lols ® YO 0,90

L9y 9 dlge
ko s
o dmnge 31 s ) 5 oslizal 850 by sla S5k
oolol ) amy o 4l (555805 5 SIS (cwiiges
&35 gl s (g5l S b o a5k (55l
JPU! el 10 ¥ o V) Gamslogin il ks (o (2 V2)
S (Vg (oo YO) o Jolome 9 «(3¥509,500 0°)
50 oad ool S o Jokw (g9l (sla Suds aias oolo
oeb e byll 10 g ,10CO2 w3 il az 0 YV 451l
A 4SSl
MTT bl o (39031
Loyl g Lo JoSho 1oy Coon jolate 4y aslllao (nl )
2035 08lisel MTT ¢y501 1 s sla sl (63, 2 45,
Bl & ywg
o3liiwl Ly oty p gl gl il &M ¢ g plonil 61
505290 el o ST (S olilss Jrws mas (35, 5]
b Lad @ lagniisy am al> e 3 0l plosl wo s A 3
7 Og b 5l esls JUasl sl 6o cnaalins
Ao ad> e y0 0id eolanwl Lig 50,5 S lp o 0 O
V¥ o agy Insulin R a_Jsl (g0l (=0T ol e 4y Lis
A G Nl 43983l oL,S ile 4z 0 F gles jo el
m-IgGk BP- a5l (g0l il ol ped 4y Lid el ¥ oo
i 00kl L ool cclys o sl 4,4SGI HRP
Image Lab |53l s 5 5l oolazwl Ly ChemiDoc XRS+
(S el ol) b)) o 18]
5 3pely sl o iy ST
LSy a8 s e 5l okl U b Joko 5l RNA 1,5
Frimes s o ol T ol gss ol 5y Lajl s
= Brie 3 0od zl 5wl sle RNA I oS DNA
(Ol o3l 5 LSy ©,805) abgiye oS Janllygiss
VO Gae s adsl gawl, gl Jolis Lo a5 > .08 5 sl
0 les jo asb V0 wl 5 cile 4z 0 0 sles o asds
LoolS ails az 0 8 slos o agdo ) 5 0l,5 le az o
29— PCR Lol bg I 5l , 2 Jg Sa Vo j0 a5 > ¥
(o5 el S e g S Ve ol PCR Lglie
VGoam el Sl sSee me 0)ls588 euln g See o
L5l og o5inns o 5l See A 5 JoSe DNA 2ty oo
27-dCt g, 5l o eolaiwl d3ls a8 leie 4y opislS
A oolin] s oyl Slewlxe sy

il oolel jo jei dee (il dPSC 5l giiee odmallsy)
oasile B odb e o Sy Jelu olx) sly Jolw
ol JLal e ool sladsle wds T 5
o

4z ST wsdon Gloyd edgmsl iy B2y b Ysene Cubis
a6l slog lam 55 08 Jolaiul el cle 4y
Jel—w cubs (leyo was slpainy i oo ol 1) goaxs
DS s o e, Gyl 1 Jle &5 sl T Sleyo
olbeyd @ty olhlews ool Wl ol sla Jolu adgs (55l
sla s jem as b 0 sl 00,5 5 lganal 003501
sbadsbu s (ol g 055 o alox 5l s led o
95 G Sl 4t ey Sslsnl g (gl
A(F) canl onile 8L yubizee

Sl ool e 5 ol Sloyd Ghe) SSL Rl Wem
g o eolaiwl 0y LS acwl Vg cnlis ey
2l b g b cax JTow! Sl a5 col oS 0)5 50l
mlin LS sl (gl Qldl o o7 il Sl g s
s digm sla LSk o)y ole Codga e wgy
C)_.w.)‘& M‘S’gf‘ @L&bul_io O (f) KHIXW éLe(.m.».s
g 0uS o (g3l ai |y !, SSL (microenvironment)
Q) aS o Slig 1) plim o Slee

oS Vgaxo) o5 Lins JsS90 (359 L s0lse L9890 32,
oo nTs 50,k 5l Baee g o (Gedls Ve v e )
L s sladsge 5y (& g on 4 bo olend
I StlS 5 bl oty o YL s Sge s
2 Ll S1P) Wi o 0y (s gl w8 sk
JLE!l sl o 00isS oudass lgie 4y g5 o 1) o JoS g0
In ) oo o5y Slalllas jo bl (g5l ali8l g ply
(V) op 54 (Vivo

Soliie glodis a5 aiie Sl iy ab, cle,gS
e JAS 1y (0l 5 G et 2S5) e 5,
Grtsb 31y sl slagaly Jsbe (slo5i56 ol asss
S8 a J5S Bam ol i 3 Lt sl i,
A

slodySle jo; 213l po 005 L ad (o Guo (0l 50
(TGF-B s EGF . HGF) o, sl ,5:516 s WS6 5 (ool
sdse sle Joko (JU Jlade 255 6l p s pcmlie il
w2 ool Gleys Joke slahy, sl (rdsed]



1rSL B sladghw p o) glaygisl g b Josdho ) 53U

edlsl3T ol (i pole alowo /VFY

Yo cile ol eslinul by sl sk 5, (TGF-B
b oo e SR Ve g eele 2 (e p e S0l
» Lk el Joho paile 005 (g8 BB 9k 4 HGF
5hoolaawl ( blae o ols pals b cdale ple b awglis
Sleoas; , TGF-B 5 EGF Ws6 cilizs lacdile
(Y JS8) 2l 5,50 by sl she

o x5 STy 31 0Ll b (sl gbans ol (523
S 3oy o

Sl Ly slasbe po 1y dondl 05 Ole Geeyle 5 WSO
o384 yomie WSO g cpo )l oS 5 aiols iol58] ool
a8 gl b analie jo el 0 Ole 0 2 JB
oo Hlows o JsSde ) 51 S 2 b ol 4 b sle o5
ols Lt b i, sl s 5y0e 4o (P<-/+D) widss
Sial33) TGF-B 5 EGF &y cored |, (ylgeas! o)l HGF a5
EGF + TGF-B S 5 a5 ol (adein Hediored 003 o0
4 yme HGF + TGF-B 5 EGF + HGF | aulis ,o
$S L A w0 5 G0 s 5l ad Gl Lo palS
So 2 aS lpd b avslie jo ) dgedl le 398 00,
ol iad oo jles by glagsle b ol 4 LT )
(Y JSS) (P<e/+B) wisls

Ly sledobe by Galgudl wdsi b))
391 & b 5

Fdem Oedgedl B 4 e eeyle a5 ol lis mls
WS6 ¢ cyo,)le oS 5 cpuizmon 0l WSO L aglie o
5o iels plas sl w5 s BB (13 oo S
HGF + oS5 a5 ol las mls ) slo,5558 050
7y w33l cel EGF + HGF + TGF-B 4 TGF-p

153

S8 S8 e @ aads Ve Sk 4 B sla Jole Loz lucl
G55 )0V e S SIS (o 53 385 8 ) e 288
o2l daySee YO Ly oo (328, Lo 5l 5y S 0
o el ¥ oo dn oad (3-8 ) o oe il gl aSg3lS
St g S Ve gt S Gy aneSl BUS1 (sleo
50 a2 B V0 Doe a9 0l LSl cpay i e 15 | isge
gt o oy Sen Vo s S 31 sl
) YL gl $O- o s o adlsl STy oanss
A oles

bl Juls

Lol YY a5 s SPSS l581 0,5 5l eslil b (sl slo Julos
Ko >l PRISMA 581 o 5 5l eolawl s o loged s
&l g b Sl g :Sls 5l (o5 (gl yeiie hpogi (sl
P<e/ody ol ooliiul s o 9 Slgl 3 5l oS byt oy

A ad S L o (gl Sre prdas
bassly

sy sla sl i )

(S Lams oy slacSdls s Lz 1y sla sl
U olaws 4 o, g b 5l ae o eols canS
o5 le 4z 0 YV [gibsSTl jo s ciall ools 5Luly
Sldshe 5l (eled ¥ JSD 5o el 4SSl a, jslate 4
() JS5) el o 03l ol 365 Ll o 4 L
2oy syssl g bl 1) Caemw (L))
L sladolw o)

o Jul SeS g S bl sl MTT s
HGF (EGF) 0, slo 555 5 (WS6 5 aeln) bo JsSLo

100X 398 (loiF 50 55515 51 oolinal b Ly sl Joboo [lans ) JSCi



VWY T o5 g olgs ! oo

VFoF Lol @ Yoo lols ® YO 0,90

Sl Gz glagyle,s 51 (SO IPSC 5l Ly sl Jol jles
Wz dgdee 03 5 4 (ks hlen sl gl a5
ool g Ghlew sl el B35 b analie 0 (2o, 0
S ] 5 sliie 4 By sla ol 255 > cal
olis 3l Slallas Gulal el (ol gla 2l 5 S
- oo 3, sba,gSl 5 b JsSLe 5y, 5l ooliiul 45 end ool
Jo ool basl ansls i b Joko al,y g 555 [0 wlgs
$9y » )sSl cnl y3U L LUl jo (o8 jls Sldllas

el ouds plowil Ly sl Jshos 51 el ol i 5

harmin
150+
0.0267
[
E 100 T
=
Kl
>
o
= 504
0-
1 2 5 10 20
IE ’

WSsé
1501
-
£ 1004
£
[
=
= 50-
a_
N I
150
Z 1001
-
[}
=
e
= 50
0_
[ o

b ol a4 e L SO e b anslie o (s
(F ISCs) (P<+/+0)

Bsladobs ,o Geloudl (fgn olo &5 olo plis @l
Loaslie )0 Wog odd Hlewd (eyle g WSO lawgy oS
0 (P<efe0) vg iy Jites jsb 4 eyl 5 WS6
Oean ol a5 ob plas mls ;) gle Sl o se
EGF + TGF-p + L ond Jlows 1 sla sl o calgud
ks @ Jelgs 51 Sy e oS (Jalyd b asslis ;o HGF
B JS8) P/ D) 331 oo i 485 S,

150 0.0141

% viability
g

]
o
1

0-

[ R T
EGF

150-

£ 1004

=

=

>

= 501
0

TGF

a3y sle el g o JoShe ) alide lo clale b la Jobo lass (a0)3) Ly sla Joko Sl 0 e .Y S0
TGF-B E 5 EGF D WS6 :C HGF B e )lo A (i Lo p,55i0)



eSLlsl3T olEiils Sy pole alowo [VWF

4 S S Sy b awlds ;o EGH, HGF and TGF-B
A el gl il el 28,5 )8 eolatwl 0,90 ol

Control WS6 Harmin WS6 + Harmin

EGF HGF TGF-8 EERER EGF+TGF-B HGF+TGF-B  EGF+HGF+TGF-B

sk o i ol iy Oline sl D S

Celh WS6 a5’ s ool las il S g 539y aslllas yo
b Jlo cnl b o Glasl by 5 LIl (glo Jolow iS5 505
yolo adlas bt b gaor a5 e gl o5 le o
£ ol o 4y ooliiwl 550 slojen alawly 4y Wilgs co (] 09
g oo addlle o puzen (1) Al ool colaiwl Jolw
e okl WSO a5 al i b il Ses
O+) as by glo sk iS5 EeLErb3/IkB

@ Geele &5 Al atie ulSes g Sudg;l adlhe o
5 sl ok 355 8 Ceb DYRKIA S g abanly
SIS 5 (S asllls 3 rizmon (V) 3 el 5
JOCL IR IS R+ I IV EX SRR SE R
sl 5 J el b lsiom Gl g 5 5 s slm sk
Sl adlas 5 (07) ws by gla Job 385 2als el S
s e g eSSl Ve e gl slatal as ol lad mls 5
Sy aidly 2alS by gla sk (Jlo 0 (e (e o

4 WS6 5 roylo 3l oy oo ooliinl i (g o0 Coled jo
slosle 2S5 Slidl Gely Wig so pu) i D31 alasly
e (I Gl odle 305 (gl i 5 ol 50 5
“Jsbe 59, 2 SemSgigule Sl Wlg e lodsSLe 325 590
Sgd Ll Fye el g ails by sla

ools lis oS Cuwl ola,gSB 5l Ko (SO ad, sle,eSB
2l G Glgudl md g W sl ok 2S5 50 e
3 Al e bygiS ) 4 suls atiie Olalllae Ll
55l s el 5 alanly 4 (s Slost ooy

Al sla,eS B sl eolaiul as sls lis bl yols axllas jo
4SS » oS gl L oawlas ;o EGF+ HGF+ TGF-B
29 ol 05 Ol (B el wiad g oolitul (ol
anlllas yo ol by ladobas] (doudl md 5 4 poeie ol

P < 0.0001

P < 0.0001

P < 0.0001

P < 0.0001

P =0.0004

P < 0.0001
1
P =0.0003
1
P < 0.0001
1
P < 0.0001

W

AN

Relative expression of Insulin

NN

b s Bulyd 5o by slasho 51 oelsesl ol olyee ¥ JSC
cilizee 0y o551 5 o JsSUse s,

<0.0001

<0.0001

<0.0001

0.0294

0.0007

I
I
I <0.0001
I
I
I

<0.0001

Insulin (ng/ml)

AN

S FE S S S S S
Q)Q QQ &Q )90 )50 )2‘0 )5(9
F & &S
€ F
S

Lyt s b slesbe Jf onh @b el i B S
Gilie a5, slayyiSTé 5 b Jspe3, b e

L WS6 g yeojla 5l oolatul ol olis gl yol> aslllas jo
ol el ol 4 Ll 5l So e L aslie o K0S,
Olospe colaiwl 0l jastie cpl pegde ol gl 5 ol



WO/ ol Ko g g5 oouzw

VFoF Lol @ Yoo lols ® YO 0,90

el Wlg g0 FGF g EGE jl oolaiwl a5 ol ools oylis 58
OF) 00,5 L ool 35T g 3led

Slgi g0 Ay o ,eiS S oolazw! s ng‘;@. ok 4
& il 4l G5 gl s 5 Ly sl Joha 355 50
3 i 1l o K00S0 b Ll oS 5 e o le
Abl ansly ydgusl adg

g b oSl 5, 5l eolitul o5 (6 pSams (lge L 5o
sladshe 855 50 6 pSedtr 3wl o 0l slo,esl
bl S5 S0 Ole @ il awsls dsndl ads 5 L
oolazw! S R ».\.wl; asls M))w )J‘ “\"‘9"6" ).f.:u\g.:

)5 o sk (55) 5 (S 55 a1

Sloawdly 5l oolaiwl 45wl eols lis il Sen g el il
25 3 IPSC J b sladsbo 3L & e 53k it
o556 sl < i slewdh (1) 05 g
) &bws s PDGF VEGF HGF EGF ale> j o,
e 5 g )l Sl oo sl 56
a5 al ool plas J adlas o aaily Gded] mb
TGF-B/ Smad jue 25 alawly 4 microRNA181c-5p
2O ab o 5 5 b slo oo 5 Sl el
Gle,sSB aawly 4 TGF-B as ol ool lis S5 aslllae
3 sl sk ples cel miR-26a ¢ miR-375 [Ngn3
syare asllae ;5 (V0) ol lgdl w5 g ook sla sk

REFERENCES

1. Enderami SE, Kehtari M, Abazari MF, Ghoraeian P, Nouri Aleagha M, Soleimanifar F, et al. Generation of insulin-

producing cells from human induced pluripotent stem cells on PLLA/PV A nanofiber scaffold. Artif Cells Nanomed
Biotechnol 2018;46:1062-1069.

2. Aamodt KI, Powers AC. Signals in the pancreatic islet microenvironment influence B-cell proliferation. Diabetes Obes
Metab 2017;19:124-36.

3. Strand BL, Coron AE, Skjak-Braek G. Current and future perspectives on alginate encapsulated pancreatic islet. Stem
Cells Transl Med 2017;6:1053-8.

4. Bellin MD, Dunn TB. Transplant strategies for type 1 diabetes: whole pancreas, islet and porcine beta cell therapies.
Diabetologia 2020;63:2049-56.

5. Paez-Mayorga J, Lukin I, Emerich D, de Vos P, Orive G, Grattoni A. Emerging strategies for beta cell transplantation to
treat diabetes. Trends Pharmacol Sci 2022;43:221-33.

6. Zhong L, Li Y, Xiong L, Wang W, Wu M, Yuan T, et al. Small molecules in targeted cancer therapy: advances,
challenges, and future perspectives. Signal Transduct Target Ther 2021;6:1-48.

7. Balboa D, Barsby T, Lithovius V, Saariméki-Vire J, Omar-Hmeadi M, Dyachok O, et al. Functional, metabolic and
transcriptional maturation of human pancreatic islets derived from stem cells. Nat Biotechnol 2022;40:1042-55.

8. Ying W, Fu W, Lee YS, Olefsky JM. The role of macrophages in obesity-associated islet inflammation and B-cell
abnormalities. Nat Rev Endocrinol 2020;16:81-90.

9. Boerner BP, George NM, Mir SU, Sarvetnick NE. WS6 induces both alpha and beta cell proliferation without affecting
differentiation or viability. Endocr J 2015;62:379-86.

10. Shen W, Tremblay MS, Deshmukh VA, Wang W, Filippi CM, Harb G, et al. Small-molecule inducer of B cell
proliferation identified by high-throughput screening. J Am Chem Soc 2013;135:1669-72.

11.Barzowska A, Pucelik B, Pustelny K, Matsuda A, Martyniak A, Stgpniewski J, et al. DYRKI1A Kinase inhibitors
promote B-cell survival and insulin homeostasis. Cells. 2021;10(9):2263. doi: 10.3390/cells 10092263

12. Title AC, Karsai M, Mir-Coll J, Grining OY, Rufer C, Sonntag S, et al. Evaluation of the Effects of Harmine on B-cell
Function and Proliferation in Standardized Human Islets Using 3D High-Content Confocal Imaging and Automated
Analysis. Front Endocrinol (Lausanne) 2022;13:854094.

13. Enderami SE, Mortazavi Y, Soleimani M, Nadri S, Biglari A, Mansour RN. Generation of insulin-producing cells from
human-induced pluripotent stem cells using a stepwise differentiation protocol optimized with platelet-rich plasma. J
Cell Physiol 2017;232:2878-86.

14.Li N, Jiang D, He Q, He F, Li Y, Deng C, et al. microRNA-181c-5p promotes the formation of insulin-producing cells
from human induced pluripotent stem cells by targeting smad7 and TGIF2. Cell Death Dis 2020;11:462.

15.Gao Y, Zhang R, Dai S, Zhang X, Li X, Bai C. Role of TGF-B/Smad pathway in the transcription of pancreas-specific
genes during beta cell differentiation. Front Cell Dev Biol 2019;7:351.

16. Mansour RN, Barati G, Soleimani M, Ghoraeian P, Nouri Aleagha M, Kehtari M, et al. Generation of high-yield insulin
producing cells from human-induced pluripotent stem cells on polyethersulfone nanofibrous scaffold. Artif Cells
Nanomed Biotechnol 2018;46:S733-39.



