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Multipotent of Monoclonal Epithelial Stem Cells

Derived from Pancreatic Duct
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Abstract Monoclonal epithelial stem cells derived from pancreatic duct of an adult rat were in vitro induced
to differentiate into pancreatic islets, nerve cells, adipose cells and osteoblasts. And pluripotency of these stem cells
was studied. Monoclonal epithelia stem cells derived from pancreatic duct of an adult rat were proliferated. With
different inducement medium, epithelial stem cells were respectively induced to differentiate into pancreatic islets,
nerve cells, adipose cells and osteoblasts. Characteristics of differentiated cells were respectively detected with DTZ
staining, glucose stimulation experiment, immune-fluorescence reaction, oil red staining, alizarin red staining or
Vonkossa staining. The results showed that in inducement culture conditions, monoclonal epithelial stem cells derived
from pancreatic duct of an adult rat differentiated into functional pancreatic islet-like tissue that was positive for DTZ
staining, secreted insulin and C-peptide using glucose stimulation. Monoclonal epithelial stem cells were induced to
differentiate into nerve-like cells which expressed neuron specific enolase, and were induced to differentiated into
adipose-like cells that displayed accumulation of lipid vacuoles as detected by oil red O. Also stem cells were induced
to differentiate into osteoblast-like cells that excretion formed mineralized nodules. Alizarin red or Vonkossa staining

was positive. This indicated that the monoclonal epithelial stem cells derived from pancreatic duct of an adult rat were
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pluripotent stem cells that could differentiate into cells from three germ layers.
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A: stem cells proliferated a layer; B-E: stem cells were induced for 7, 14, 21 and 28 days; D,E: differentiated pancreatic islets-like containing B cells

that DTZ staining was positive; F: DTZ staining positive control of pancreatic islets from rat.
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Fig.1 Monoclonal epithelia stem cells from pancreatic duct differentiated into pancreatic islets-like
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Table 1 Insulin and C-peptide release of induced pancreatic islets using different concentration of glucose

415 R0 FE (mmol/L) JBE % 2 (mU/L) C-fik(pg/mL)
Groups Concentration of glucose (mmol/L) Insulin (mU/L) C-peptide (pg/mL)
Control group 5 3.82+0.15 0.05+0.05

25 4.56+0.12 0.05+0.02
Inducement group 5 26.59+0.33** 0.33£0.07**

25 37.16+0.25%* 0.57+0.03**

HE F P BB dE 72 205, FEAH=6, **P<0.01, 7)) 5 X HEALAH LA

Date are presented as mean+S.D., n=6, **P<0.01, compared with the control group respectively.

100 um

A\ B: AN S5 974, 8 d; Cr 4040 B UK S P 22 40 2 M 22 T s e MR I AL G
A,B: stem cells were induced for 4, 8 days; C: differentiated nerve-like cells expressed neuron-specific enolase.
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Fig.2 The monoclonal epithelia stem cells from pancreatic duct differentiated into nerve-like cells

A~C: AN S5 7714, 21, 28 d; C: 70T BB K15 17 200 0 1A M 4, D ZEO G (R
A-C: stem cells were induced for 14, 21 and 28 days; C: differentiated adipose-like cells displayed accumulation of lipid vacuoles that detected by oil red O.
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Fig.3 The monoclonal epithelia stem cells from pancreatic duct differentiated into adipose-like cells
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A: stem cells were induced for 21 days; B,C: induced for 28 days, mineralized nodules derived from differentiated osteoblasts-like that alizarin red and

Vonkossa staining were positive.
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Fig.4 The monoclonal epithelia stem cells from pancreatic duct differentiated into osteoblasts-like

3B); 28 difF, F3 40T B2 I 1 24 A P i B S, 9
LLOY A (K3 C).
2.4 SRR AR & LHAE

K FZ T S8 7R R 3 407 d
i), DEZ T b RRE T4 T 46 43 AT R R i
YA, A0 W Th e 3G o, 14 dINF, 23 b T I IR 2
AN ECE G I, o WG 2, I W IR 4
WA A (R JRRE S 155 21 dINF, 23U T I S5 1)
BRI S5 45 (B14A); 28 dist, 2040 TE B 25 BB 4
JH 53 B I EE %, WA T B ) B R e 2851 Y
i 2 4L Y 0 BH 14 (E4B), Vonkossae 2 5 H1L 2 4 (]
4C).

3 g

UEAEK, 4y 88 v B i 3 T A O 5 oy
TOTV B R 1 B R ALY 7 WA SR 7 1) K T ¥ 7
L 51 Ak 2 B A 5 3 # N b, 2B 9T e R
i, Peck™ ST HIHIF 7T /)N 2H di o ik 3 K FHAICRE IS 1
TERGFRMOS T 5 IR IR T WE RO /N B R R 5
b BT, R R ST RS/ R ) R A HE 2
f; 3RS, T R S A0 A,
SIULIR SRR . K IR B AR R A PR N B, /N R
IBE R FE R 28 TR KSR Jin S R R
R [ AR IR A B R T IR T AR /N B
Jige fi 5 T 4, 40 RT3 T BB B R T A
JHO, B SR 20 B B 25 /C-JIK . Rovira®E 2R H & f
20 ng/mL EGF. 20 ng/mL FGF. 100 umol/L B-FiiJ&
Z.F% . 10 ng/mL LIF. 3% FBS/DMEM/F-12%5 S,
5T 55 IR U5 T B /) BRI 5 A w9 O - A,
T AT 3T RS S5 A L, B TR A R R

AT TE BRI E AR, P AR VER B . Huch%E MR T
/IN B PRI LgeS PH 1 e i 5 8 T4 M A L AE AR BB JR N,
T4 1 53440 T S TR P 5 7 4 L R S5 4. Noguichi
SR, oE ) SR T RN B R T T R
AT T ST IR 55 2 1Y) g S 4 .- Bonner-Weir%s™
KHEH 1 g/LITS. 2 g/L BSA. 10 ng/mL KGFA!l
10 mmol/LJE % B % 1) JE ML IEDMEM/F 12155 5, 155
SR IR bR 43 A TR R B 4 L ], DTZ %%
0 BH A, BE RIS WA TR R . Hoesli%s ! M b 5E 7]
75 FURT RN H R AR S48 1 5 R T- 40 B oA T J
o KA SR A AENOD AR /N R 2R N, R
By N 2 - Lee S5 4 i Neurog3 I 2R 4014,
e i 5 NI S8 T A0 A Buig B 4n i, 4y
IR B 2 o AR 20 0 B R IR LR T 7= 6 )L
PRI S THR R, RSN E S, T4 %
JSC G WA TR I 2 ANC- IR B D) R 1 SIS TR 5 o0 A T B
S, REMETHEED. KHEFHRIBHELE
PRI B, KB IMBE KRR AG. ARHIF T 45 R
N, SR A [R5 S AR A E 715 5, 1R T
SRR R BRAR 58 F vl b b R R T4 B AL B 3
REPEZ IR B A ], DTZ Y% BRI, 5 53570 A Jofe &
FAC-IIK; T B RARII SR L4, 5% %
PEA 2 IR TE I 42 TORT e 1R I BEAL I 23 AT B
HAG MR 02 G 7 4 i, h £LOGL L BHE; 0 TE R
FRE A, o AT ISR B IR A 4 Y,
A Y B, Vonkossadeth R P AL, 5 H A A
FUA L, A AR A T PR T %05 T B K BRI
JERR S LA R R T AN R 2 b RE .
LA SRIE T AR JZ, RIS T A =, R 7 4
FURSCE A3 KU T IR R, XRZ TR AA



46

BRI -

RE MU B =R JZ AR K 0 AL B RE o I TE 9 AR
iR H AR T AR IR Bt T T SCH

SE#k (References)

1 Corritore E, Lee YS, Pasquale V, Liberati D, Hsu MJ, Lombaro
CA, et al. V-maf musculoaponeurotic fibrosarcoma oncogene
homolog a synthetic modified mRNA drives reprogramming of
human pancreatic duct-derived cells into insulin-secreting cells.
Stem Cells Transl Med 2016; 5(11): 1525-37.

2 Xiao M, An LL, Yang XY, Ge X, Qiao H, Zhao T, et al.
Establishing a human pancreatic stem cell line and transplanting
induced pancreatic islets to reverse experimental diabetes in rats.
Sci China C Life Sci 2008; 51(9): 779-88.

3 Lee J, Wen J, Park JY, Kim SA, Lee EJ, Song SY. Reversal of
diabetes in rats using GLP-1-expressing adult pancreatic duct-
like precursor cells transformed from acinar to ductal cells. Stem
Cells Dev 2009; 18(7): 991-1002.

4 Chen XC, Liu H, Li H, Cheng Y, Yang L, Liu YF. In vitro
expansion and differentiation of rat pancreatic duct derived
stem cells into insulin secreting cells using a dynamic three
dimensional cell culture system. Genet Mol Res 2016; 15(2):
gmr.15028808.

5 Tremblay JR, LeBon JM, Luo A. In vitro colony assays for
characterizing Tri-potent progenitor cells isolated from the adult
murine pancreas. J Vis Exp 2016; 10(112): doi:10.3791/4016.

6 Han W, He X, Zhang M, Hu S, Sun F, Ren L, e al. Establishment
of a porcine pancreatic stem cell line using T-REx™ system-
inducible Wnt3a expression. Cell Prolif 2015; 48(3): 301-10.

7 Shiroi A, Yoshikawa M, Yokota H, Fukui H, Ishizaka S, Tatsumi
K, et al. Identification of insulin-producing cells derived from
embryonic stem cells by zinc-chelating dithizone. Stem Cells
2002; 20(4): 284-92.

8 Peck AB, Cornelius JG, Schatz D, Ramiya VK. Generation
of islets of langerhans from adult pancreatic stem cells. J
Hepatobiliary Pancreat Surg 2002; 9(6): 704-9.

9 Ramiya VK, Maraist M, Arfors KE, Schatz DA, Peck AB,
Cornelius JG. Reversal of insulin-dependent diabetes using islets
generated in vitro from pancreatic stem cells. Nat Med 2000;
6(3): 278-82.

10 Cornelius JG, Tchernev V, Kao KJ. In vitro-generation of islets

14

20

in long-term cultures of multipotent stem cells from adult mouse
pancreas. Horm Metab Res 1997; 29(6): 271-7.

Jin L, Feng T, Shih HP, Zerda R, Luo A, Hsu J, et al. Colony-
forming cells in the adult mouse pancreas are expandable in
matrigel and form endocrine/acinar colonies in laminin hydrogel.
Proc Natl Acad Sci USA 2013; 110(10): 3907-12.

Rovira M, Scott SG, Liss AS, Jensen J, Thayer SP, Leach SD, et
al. Tsolation and characterization of centroacinar/terminal ductal
progenitor cells in adult mouse pancreas. Proc Natl Acad Sci
USA 2010; 107(1): 75-80.

Huch M, Bonfanti P, Boj SF, Sato T, Loomans CJ, van de
Wetering M, et al. Unlimited in vitro expansion of adult bipotent
pancreas progenitors through the Lgr5/R spondin axis. EMBO J
2013;32(20): 2708-21.

Noguchi H, Oishi K, Ueda M, Yukawa H, Hayashi S, Kobayashi
N, et al. Establishment of mouse pancreatic stem cell line. Cell
Transplant 2009; 18(5): 563-71.

Bonner-Weir S, Taneja M, Weir GC, Tatarkiewicz K, Song
KH, Sharma A, et al. In vitro cultivation of human islets from
expanded ductal tissue. Proc Natl Acad Sci USA 2000; 97(14):
7999-8004.

Hoesli CA, Johnson JD, Piret JM. Purified human pancreatic duct
cell culture conditions defined by serum-free high-content growth
factor screening. PLoS One 2012; 7(3): €33999.

Lee J, Sugiyama T, Liu Y, Wang J, Gu X, Lei J, et al. Expansion
and conversion of human pancreatic ductal cells into insulin-
secreting endocrine cells. Elife 2013; 2: €00940.

Mg, AL, B ORR, FEIE. SR AR T A0 M o) B A
FER R B ST, 43 T 41 i A= ) % 4R (Xiao Mei, An Lilong, Ge
Xin, Dou Zhongying. Establishment of the isolation and culture
system for monoclone human pancreatic stem cell. Journal of
Molecular Cell Biology) 2008; 41(6): 450-7.

R M, ar e, FBYE SR N BRI T AN R S AR AR
fiE. fi##] 4Rk (Xiao Mei, An Lilong, Dou Zhongying. Morphology
and protein expression features of the mono-clone human
pancreatic stem cell. Acta Anatomica Sinica) 2009; 40(2): 55-8.
Mg, e, SED YL BT KR A JBRR T A0 A A A R T K B
9C. T A AE P % 3 (Xiao Mei, An Lilong, Dou Zhongying.
Research on differentiation features of the monoclonal human
pancreatic stem cell. Journal of Molecular Cell Biology) 2008;
41(6): 457-64.



