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Study of Rabbit Bone Marrow Mesenchymal Stem Cells Differentiating into
Islet-Like Cells by DMSO Combined with High Glucose In Vitro

Yu Wenhao, Wang Yadan, Hu Xiao, Zhang Ning, Xue Yongkang, Zhu Hanyu, Zhao Yuxi, Wang Xinzhuang™*
(College of Animal Science and Veterinary Medicine, Henan Agricultural University, Zhengzhou 450002, China)

Abstract The aim of this study was to explore the feasibility and regulation mechanism of rabbit bone
marrow mesenchymal stem cells (BMSCs) differentiating into islet-like cells. Rabbit BMSCs were inducted
into islet-like cells by dimethyl sulphoxide (DMSO) combined with high glucose and without serum. The
morphological changes of cells were observed under the inverted microscope. The differentiated cells were
detected by dithizone (DTZ) staining and immunofluorescence staining. The changes of the expression of islet
cell related genes [Foxa2 (forkhead box A2), Nestin (neuroepithelial stem cell protein), Pax6 (paired box gene
6), Pdx-1 (pancreatic duodenal homeobox-1), Insulin] were detected by RT-qPCR, and the expression of islet cell
related genes in cells before induction (0 d), rabbit bonemarrow cells, P3 BMSCs and rabbit pancreatic tissues
were used as references. The results showed that Foxa2, Nestin and Pax6 genes couldnot be used as the marker

genes for rabbit BMSCs differentiating into islet-like cells successfully. DMSO could activate the expression of
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Pdx-1 and promote rabbit BMSCs to differentiate into islet precursor cells which can secrete insulin. High glucose

could promote rabbit BMSCs to differentiate into islet-like cells and could significantly promote the expression of

Pdx-1 and Foxa2 genes.
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“H HE 8] 78 51 T~ 41 Y (bone marrow mesenchymal
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se— KR E T B BA = YT RE ) 2 1 5y
AP RE AR L T-41 . BMSCsHAL 5. 5 T4k
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rabbit; BMSCs; DMSO; high glucose; differentiation; islet-like cells
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IEH WA ME . DAPI R, HU%¢ 6 T Ik Kl
Ji H Solarbio A Al o« A FE bR 1L FHiflgG. HRP
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Table 1 The primer sequences

HE A SIWFHI(5'—3")

Gene Prime sequence (5'—3")

Fi BER/N (bp)
Fragment length (bp)

F: ATG TTT GTG ATG GGC GTG AA

GAPDH 90
R: GGG GGC TAA GCA GTT GGT G

Foxa2 F: CCC CAA CAA GAT GCT GAC GC 25
R: CGC AGG TAG CAGCCGTTCT

Nestin F: ATT GCT GCT TCT GAT GTG GA 248
R: TTA GCC TCT GGA CTG GGA TG

Pax6 F: CCC GTC CAT CTT TGC TTG 134
R: CGC CCATCT GTT GCTTTT

Px-1 F: CCT TCATCT GCT CGG AAC ACA 0
R: CAC AGG ACG CTT GAAATC GC

) F: TTT TTT ATA CAC CCAAGT CCC G
Insulin 144

R: AAC ACT GCT CCA CGATGC C

HBMSCs P3UAN ML B K, AR RN —

Rabbit BMSCs P3 cells grew in fusiform shape and the cell morphology and size were uniform.
E1 P3ABaRL ZSHFHE
Fig.1 The morphology of P3 cells



T SCHE: DMSOBE A BB b 755G B B0 70 5T LA e 5 RE L 5 1329

50 um 50 um 50 pm

A: JeBMSCs P3R4, CD44F1E %34 B: P3fRANNE, CDOORA LR X, C: P3AUANIL, CD34R ERIA
A: Rabbit BMSCs P3 cells, CD44 positive; B: P3 cells, CD90 positive; C: P3 cells, CD34 negative.
E2 fREALFRELTERBMSCs
Fig.2 Rabbit BMSCs identified by immunocytochemistry

A: B PALE T3 AN H05 AN 52 R R IR B00& 43 A, 4T S BRI I o B 0 B4R 983 a4l 40 52 KR AR K. C: B S5 3 11 a4t
YR A R A R, Y A0 2 5 W 5, TR R S PSS A . D X IBZTEE %11 a4 4IRS S 5%, (HAR 2R P An i 7%
A: the cells induced for 3 days of the induction group. Partial cells were scattered around in circular and fusiform shape and the cell boundary were
clear. B: the cells cultured for 3 days of the control group. The cells were growing in long fusiform shape. C: the cells induced 11 days of the induction
group. The cells gathered together closely, the protuberanceson the edge of cell clusters were obvious, and cell clusters looked like islet-like structure. D:
the cells cultured 11 days of the control group. The cells arranged closely, but no cell clusters appeared from begining to end.

E3 FSH RPN SET L

Fig.3 The morphological changes of cells in the process of differentiation
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A: FRAE T3 dAE, DTZR @RI B: 5 415 S 11 d4iiE, DTZ
DTZ Rt Btk

A: the cells induced for 3 days of the induction group were stained positively by dithizone; B: the cells inducecd for 11 days of the induction group
were stained positively by dithizone; C: the cells cultured for 3 days of the control group were stained negatively by dithizone; D: the cells cultured for

Mg C P RRZH 52953 A4, DTZZL (1 D: %R ZHI 7711 a4,

11 days of the control group were stained negatively by dithizone.
E4 WREFEREEELRTLHER
Fig.4 The terminally differentiated cells identified by dithizone staining

(A)

Insulin

(B)

Insulin Merge

A PG A4, RS 3 BE P e (SR ), B: X RRZLRTFR11 d4ii, R & R B E e tt. DAPTE Jedi i (1)
A: the cells induced for 11 days of the induction group were stained positively for insulin (green); B: the cells cultured for 11 days of control group
were stained negatively for insulin. Nuclei were counter stained with DAPI (blue).

5 RERERBLER

Fig.5 The results of immunofluorescence staining
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M 1 2 3 4 5 6 7 8 9

M: DNA Marker DL500; 1: fu# #641; 2: %P3fXBMSCs; 3: % F41580 d4H; 4: X HRALEE0 d4ii; 5: 5 S4143 d40; 6: X RRALEE3 d4n; 7:
P11 d4i; 8: AT REZHER 11 d4Hi; 9: Sl 2L,

M: DNA Marker DL500; 1: rabbit bone marrow cells; 2: rabbit P3 BMSCs; 3: the cells inducted for 0 day of the induction group; 4: the cells cultured
for 0 day of the control group; 5: the cells inducted for 3 days of the induction group; 6: the cells cultured for 3 days of the control group; 7: the cells

inducted for 11 days of the induction group; 8: the cells cultured for 11 days of the control group; 9: rabbit pancreatic tissue.

Ee

BB AEEXEENRIA

Fig.6 The expression of islet cell related genes

2.0 -
* 13d
E Bl iid
Z 1.5 .
£ 1.0
E
=
[P)
~ 0.5 ‘ \ ‘ \
0 { g 3
) * N
Qb‘9 QO Qo‘ﬁ‘

*P<0.05, **P<0.01.

E7 FRUBEPRSMAEEIERREIENTHL

Fig.7 Changes of the expression of islet cell related genes in the process of induction
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JL PR G R B 2, FEME A AETE R B 2
2.5 RT-PCR#M AR 5 20 A0AE X B E R R
WS G AL IR AL S 85973 d. 11 dRI 4
MR 5 R FRAT(0 )RR i RELIAE . SRP3{R
BMSCsHll 4 Jil iR 41 24, $2 IS RNA, % H & @ PCR
LI S 40 B A DGR IR R0k . 45 R oK, Tl i
. P3SN B PRGN B Foxa2. Nestin. Pax6

FE R IE. P ULE0 a4 f A I B Foxa2.
Nestin, Pax6%: [F ] 3 ik, 553 d4fl fg A 4 I 2
Foxa2. Nestin. Pax6. Pdx-13%E R /] 3= ik, & il
Bk R AR RIS 11 A4 A I 2 Foxa2 |
Nestin. Pax6. Pdx-1. [ %= BEFFIRE. X H#
A0 dy 3d. 11 ddffh Bt il # Foxa2 . Nestin.
Pax6HE H B 3205 4 R IR 4 23 o ks I 21 Foxa2.
Nestin. Pax6. Pdx-1. JR%ZRIERLFRIEESG).
2.6 RHAEEPCRIENRZMEXEFRTIAE
AL

AR I DMSOBK-A e 50T Fho - i 18] 78 )52 2
AT T, 20l T3 AR didb AT B 5 40 A
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RIEH I R IA R, FRATT ik U Pdx-1. Pax6. Foxa2
R AR MR, KO E BEPCR4E R IR, Pdx-1.
Pax6. Foxa2Z:H T F11 dFIREEW & T 5T
3dRIEE. Hi, Pd-1ER I RIEEZ FEFH
(P<0.05), Pax63k A 1) 32 ik & 7 5 AN i % (P>0.05),
Foxa2 B: K 315 5 72 A 5.2 (P<0.01)(E7).

3 Tig

Foxa2 Z:RAEM IR IR B 2 EK
A B S A A A S5 22 7 TR 4 B AR AT
BesnardZ5BHF FEAESE, Foxa2 ZE R 4E/NR NI EH R
(hnfF iy FRARS B W w0 R AT gl 23) F0
AR E G R AN Z 8 R R A A IR 2 A 2
B BE A B S a Rk, HHRE TN
SURIG &K BB B B AR LS 2 B A4 i ) AN 7]
M. W7 R B, Nestindk [R{7E 2 Pl 23 mh 356 %
IEP12, FrojdmanZ5:® & i, Nestin IR 78 K R A /N BR
PRSP ERRE SRS RIE. Terling
LUV IR, Nestind& [R5 1h K B & AN B A &£
k. A, HHFICUESE, Nestindk [RIAFE [z A0 14
AR Rk B W TR I, Pax6Ek K]
2T KAERE TR, g — g
FERFRL MY, Pax6IENTEIRIG . HPAXFIEE R
SR B R SR S R 3 Rk U0 A,
W FL R B, Pax6HEPR 7E iy B 18 R e i il B4
LU A Ik . BT RN, AR AR IR 2 R
M 3| Foxa2. Nestin. Pax6. Pdx-1. [ & &KW
FRIX, IFSL T Foxa2. Nestin, Pax6. Pdx-1. JEE
FERFE R A Rk . RN, ARSI 7 K0,
B HE A FP3AABMSCsH 3 KMl 21| Foxa2 . Nestin
Pax6FE R (1) 31K, 2 BAHT 7t B ik H % P3fABMSCs
KR, AR G RiAFoxa2. Nestin. Pax63E:
K, JE4Eil Foxa2. Nestin. Pax63 [ 7] fit 5BMSCs
HAWZ m il ae ok, EEE R E R il S
Wi, BMSCs % T/ N HAR SR AU At i . ixX 3%
B, Foxa2. NestinflPax63E R AN GEAE N BMSCs
Iea) J5k B2 A5 4 35 5 0 A R D A s RS R TR

AHIE 5T I DM SO & v oo B fil [A] 78 o7 144
ModEA7 5, B MRS, [ AL 2R B2, (5
HIER a5, kil ol B 55 5 A8 5 A R . Sundari
SRR 5T 30, DMSOAE Jy— Ff i 8 A7 R A4 Kk, 7]
DL i3k 22 38 B T 40 i 1) 2 PP 48 3 4k . VanS52R )

FHDMSORP 1O 73 A6 g Lo IFEAH L. Deng S5t
Ft B, DMSORE % I 3#E N e I 14 15 i /) 70 )5 1
Y1 oA N O WLRELR AR . [ Py AN 72 3 1 FIDMSO
Ik A v B R T B BMSCs 175 5 40 4 A e % 40 b Ji 1)
E O]y = o (N (T E N 2 R 1 B e 2T o
1% DMSOZ — AN 536 115 SR B, S5 40 B i) 3 0
VE R BB /NS00, | A, AR 9T 3 45 1% DMSOST %
BMSCsi# AT F -

Pdx- 1R 2 R R B i R R RIEE— A0
T, AR A B ) bR R R R GuEE®)
FILFH B 87 BR S SRR S, B B A 32 ok B
Plx- 13K BH 2 T8 BT AR A0 B « AS SE6AE 55 S HT(0 d),
75 S 2L RN ) R 2 4 D AR Bl Foxa2 . NestinFll
Pax63E K 1R 15, 3 W LR BMSCs £ & 4 a4k, W]
BT TP HESRE. £FS3 45, iF 48559
Y1 o 52 (5 JE 08 0 AT, A DN 2 Pedx- RS R R IE, A&
G0 381 5 R R 3208, DTZ Yt P, 1X AT e A2
F T i B 2R 36 IR 1) Rk B i I DA BUR I AS 21
FRZH AT & A I R, kS B KRB A K,
S ARA 8 1) 7 S5 T 40 P, RS DN 3] P 10 8 5% 25 %
R RIL, DTZHEBA M. XK, DMSOREW B
Pdx-1FE R [3RIE, T EIE it e BMSCs /L N m]
3 JR B 2% T R % W A 4 B ) R

HEPEADUR AR E FRP R, IETEF 3 0t
HREEAE A . DMERE TN, AR A2 A
AR A P B L DR 2R, 20 R R 5 B PR P — b
PR R T, AP AR P BRI AR K, B
R 32 B L 1) 43 A2, v B RS R AN R Rk
PRI 20 52040 D9 J B 5 200 Ff e 2 o b AS T 2
FI— NI ZalzmanZE SR H =i EE 7216 d, BES
WO 5 e Pax- 135 IR IR 7K A2 A0 N 286 ) L 4L 440 it
RIEZFBAIMIER, & 7 RKERES &R, L
YA 1 520 R 5 2%, 0 A v B e 8 (2 3t Ak 5 Bt
ML . AT ST 5 53 dIF PH M R IE Pdx- 155 [H]
IBMSCs T mi iR IR 5k h i 58 dJE, /- Ak B A
U], DTZH 0 FE M, 40 A % 2 Jeto R ik
FPH M G 5, RT-PCRAS M 3 Pdx- 1R ik & 2 5 R 1
RIE, R EHE AL (2 3E SR BMSCs 204k A i 55 R 41
Mo %%t BPCREE R IR, % S 4% F11 d Pdx-
I Pax6. Foxa2 R IFRIEEW & THF3d. H,
Pdx-1FEH IR B2 7 5.3, Pax6F N [ FRIE R %
FARE, Foxa2Z 8RR AR ZFNEE, RS



T OCHE 4R DMSORE & e 7R M5 5 1 i 1) 7 BT 40 2 A IR 5 R R O T 1333

B AT L B 13k Pedx- | I Foxa 2 B PR (R 2532 .

g5 b, ARBF TR T DMSORK & & bl T 44 oh i
T aBMSCs ) g & B 240 Ml 53 46 16 v 4T P K R AL
filo WIS AHAE A ES . DR AR et 4 S
WG EFIRT-qPCRETI, 15 H LR 4518 (1)Foxa2,
Nestin Pax6%& KA GEAE N FaBMSCs [n) Jif 5 FF 41 A
P AR EEE R (2)DMSORE NS T Pdx-1
FEER e ik, (i ik SR BMSCs 24k AT 43 Wik g 18 35 114
JoE S AT AR A, (3) W BE S (L i3k e BMSCs 24k A i
SRR MY, I R 2B L Pdx- I F Foxa2 B2 [RI A 3R 15 o
[FII, ASHIF 70 IR AR 15T BMSCs i i 5 FE 41 i 5 S
(1 3 AL A5 3 A B 5 T R AL, B PR IR
JTIRAE TR R . AR TISE SR .
PEMIE. A% . BUARARER, A 2155 IR N AH
FURGAZ JEHEST R, A ORI B A (R I PR
I T 5

BE Kk (References)

1 Rahmati S, Alijani N, Kadivar M. In vitro generation of glucose-
responsive insulin producing cells using lentiviral based Pdx-1
gene transduction of mouse (C57BL/6) mesenchymal stem cells.
Biochem Biophys Res Commun 2013; 437(3): 413-9.

2 Xu H, Tsang KS, Chan JC, Yuan P, Fan R, Kaneto H, et al. The
combined expression of Pdx-1 and MafA with either Ngn3
or NeuroD improves the differentiation efficiency of mouse
embryonic stem cells into insulin-producing cells. Cell Transplant
2013;22(1): 147-58.

3 Hirshberg B. Lessons learned from the international trial of the
Edmonton protocol for islet transplantation. Curr Diab Rep 2007;
7(4): 301-3.

4 Jahr H, Bretzel RG. Insulin-positive cells in vitro generated from
rat bone marrow stromal cells. Transplant Proc 2003; 35(6):
2140-1.

5 Tang DQ, Cao LZ, Burkhardt BR, Xia CQ, LitherlandSA,
AtkinsonMA, et al. In vivo and in vitro charancterization of
insulin-producing cells obtai ned from murine bone marrow.
Diabetes 2004; 53(7): 1721-32.

6 Guo-ping W, Xiao-chuan H, Zhi-hui Y, Li G. Influenceon the
osteogenic activity of the human bone marrowmesenchymal
stem cells transfected by liposome-mediatedrecombinant plasmid
pIRES-hBMP2-hVEGF165 in vitro. Ann Plast Surg 2010; 65(1):
80-4.

7 Kaestner KH. The FoxA factors in organogenesis and
differentiation. Curr Opin Genet Dev 2010; 20(5): 527-32.

8 Besnard V, Wert SE, Hull WM, Whitsett JA. Immuno-
histochemical localization of Foxal and Foxa2 in mouse embryos
and adult tissues. Gene Expr Patterns 2004; 5(2): 193-208.

9 Frojdman K, Pelliniemi LJ, Lendahl U, Virtanen I, Eriksson
JE. The intermediate filament protein Nestin occurs transiently

in differentiating testis ofrat and mouse. Differentiation 1997;

20

21

22

61(4): 243-9.

Terling C, Rass A, Mitsiadis TA, Fried K, Lendahl U, Wroblewski
J. Expression of the intermediate filament Nestin during rodent
tooth development. Int J Dev Biol 1995; 39(6): 947-56.

Liu F, Uchugonova A, Kimura H, Zhang C, Zhao M, Zhang L,
et al. The bulge area is the majorhair follicle source of Nestin-
expressing pluripotent stem cells which can repair the spinal cord
compared to the dermal papilla. Cell Cycle 2011; 10(5): 830-9.
Beguin PC, El-Helou V, Gillis MA, Duquette N, Gosselin H,
Brugada R, ef al. Nestin(+) stem cells independently contribute
toneural remodelling of the ischemic heart. J Cell Physiol 2011;
226(5): 1157-65.

Collinson JM, QuinnJC, Hill RE, West JD. The roles of Pax6
in the cornea, retina, and olfactory epithelium of the developing
mouse embryo. Dev Biol 2003; 255(2): 303-12.

B E, B 0%, 2% E . Pax6:HE KRIER [ 7E K B Al 2R 2 R
HIRIE. 5 =T K% R (Yang Ke, Yang Tian, Jiang Ziling.
Pax6 expression in rat whisker hair follicle. Acta Academiae
Militaris Tertiae) 2008; 30(13): 1296-8.

FAE, B2 NH B, kIR, BRI, & 5. Pax6
B DK R AR A 51k AN SR R R R 2 SR (E R
(Song Shujuan, Liu Yingzhi, Cong Richang, Zhang Xiaoyan,
Yang Zhenjiang, Li Lingsong. Pax6 mutation causedbrain
abnormalitiesin humans. Journal of Peking University, Health
Sciences) 2005; 37(1): 48-9.

Quiring R, Walldorf U, Kloter U, Gehring WJ. Homology of
the eyeless gene of drosophila to the small eye gene in mice and
aniridia in humans. Science 1994; 265(5173): 785-9.

75, E R, OB PaxFE D K FLk B B KB STt
J&. A=Ay Bl 2% (Wang Xiu, Wang Wei, Wang Yiquan. Progress in
the studyof Pax gene family and its alternative splicing. Chinese
Bulletin of Life Sciences) 2008; 20(1): 125-30.

Oh SH, Muzzonigro TM, Bae SH, La Plante JM, Hatch HM, et
al. Adult bone marrow-derived cells trans-differentiating into
insulin-producing cells for the treatment of type I diabetes. Lab
Invest 2004; 84(5): 607-17.

gk fh, ASH, AR, KK, X, EEE, & NS S
IR Bl B B ) 7 5T 200 L 23 A D IR B 3R i i . e R 144
FEWF 7C 5 i K B 2 (Zhang Wei, Su Benli, Meng Xiuxiang, Liu
Ben, Liu Dandan, Wang Yingyan, et al. In vitro differentiation of
rat bone marrow mesenchymalstem cells intoinsulin-producing
cells. Journal of Clinical Rehabilitative Tissue Engineering
Research) 2008; 12(16): 3053-6.

TR FY, skEM, EHE, S5 E, R, BEN, 5 Ry
B 1) 78 JoT T 200 M 17 JBR I 40 A3 A R E L R R R R
(He Jundan, Zhang Zhishuai, Wang Xinzhuang, Lii Jingyu, Xu
Xiaoting, Jiang Jinhang, et al. Study of inducing rabbit BMSCs
into islet cells. Acta Veterinaria et Zootechnica Sinica) 2013;
44(4): 543-8.

Chetty S, Pagliuca FW, Honore C, Kweudjeu A, Rezania A,
Melton DA. A simple tool to improve pluripotent stem cell
differentiation. Nat Methods 2013; 4(10): 553-6.

van der Heyden MA, van kempen MJ, Tsuji Y, Rook MB, Jongsma
HJ, Opthof T. P19 embryonal carcinoma cells: A suitable model
system for cardiac electrophysiological differentiation at the
molecular and functional level. Cardiovasc Res 2003; 58(2): 410-
22.



1334 BB
23 Deng F, Lei H, Hu Y, He L, Fu H, Feng R, et al. Combination 26 Soria B. In-vitro differentiation of pancreatic beta-cells.
of retinoic acid, dimethyl sulfoxide and 5-azacytidine promotes Differentiation 2001; 68(4/5): 205-19.
cardiac differentiation of human fetal liver-derived mesenchymal 27 Yang L, Li S, Hatch H, AhrensK, Cornelius JG, Petersen BE, et
stem cells. Cell Tissue Bank 2016; 17(1): 147-59. al. In vitro trans-differentiation of adult hepatic stem cells into
24 Pearl EJ, Bilogan CK, Mukhi S, Brown DD, Horb ME. Xenopus Pancreatic endocrine hormone producing cells. Proc Natl Acad
pancreas development. Dev Dyn 2009; 238(6): 1271-86. Sci USA 2002; 99(12): 8078-83.
25 Gu G, Brown JR, Melton DA. Direct lineage tracing reveals the 28 Zalzman M, Gupta S, Giri RK, Berkovich I, Sappal BS, Kamieli
ontogeny of pancreatic cell fates during mouse embryogenesis. O, et al. Reversal of hyperglycemia in mice by using human
Mech Dev 2003; 120(1): 35-43. expandable insulin-producing cells differentiated from fetal liver
26 Bonner Weir S. Islet growth and development in the adult. J] Mol progenitor cells. Proc Natl Acad Sci USA 2003; 100(12): 7253-8.

Endocrinol 2000; 24(3): 297-302.





