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Abstract

BACKGROUND: Transplantation of stem cell-derived islet B cells has been considered effective for the treatment of type 1 diabetes. Human umbilical cord
mesenchymal stem cell is an ideal cellular source, but with a low differentiation efficiency to islet B cells.

OBJECTIVE: To explore the possibility of human umbilical cord mesenchymal stem cells modified by MAFA and PDX1 to differentiate into insulin-producing cells.
METHODS: MAFA-PDX1 lentivirus expression vectors were constructed. The efficiency and potentiality of human umbilical cord mesenchymal stem cells
differentiated into insulin-producing cells with three methods were compared by cell morphology, RT-gPCR, and dithizone staining [protocol A: Simple lentivirus
group; protocol B: Drug (nicotinamide B-mercaptoethanol) induction followed by lentivirus group; protocol C: lentivirus and drug induction group].

RESULTS AND CONCLUSION: (1) Morphological change of cells: Cell morphology was all altered after the induction of three protocols. At day 11, human
umbilical cord mesenchymal stem cells induced by protocol B showed the most cell clusters among the three protocols, appearing aggregated islet-like cell
clusters. (2) Islet-related gene expression detected by RT-qPCR: Horizontal comparison of the three protocols at the same induction time point showed that

the expression levels of MAFA and PDX1 genes were the highest in protocol C on day 5 of induction, and those in protocol B were the highest on day 11 of
induction. Human umbilical cord mesenchymal stem cells induced by protocol B had the greatest expression of GCG gene at day 5, INS and GLUT2 genes at day
11. (3) Dithizone staining to identify zinc ions: parts of the post-induced cells were stained brownish red by dithizone on day 11. The partial small island cells
were stained brownish red with a darker color (positive expression) in protocol B. (4) It is concluded that the overexpression of MAFA and PDX1 can promote
the differentiation of human umbilical cord mesenchymal stem cells into insulin-producing cells. The combination of MAFA-PDX1 gene modification and drug

induction is superior to the single gene modification.
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0 5|= Introduction

1 AOBE IR 2 T B e RE T REL, B RN
T 0T R 5 B 40 BRs e M ey B S BUN B IR . B Il
PR b 32 BRI T J7 i i R B 3 S AR T R S LR, BN
Rel ik & B 4 ML T Re M IEAT YERE g, ToiAa R PH 1 bz S 9F
FERI R A W HONFRAR T R RS AR, E T
BRI ™ B Gh. BEHE S S HE R OBV EE R R, BRI T
HIERRH . B, 27 TR — P 577 ZRIG T HE PR -

TR 2 Mo se i B REREE /7, TR
Ji 15 B AN A RS R A N R IR 1 BB R A R B B
NS 1] 48 )5 41 (human umbilical cord mesenchymal stem
cells, HuMSCs) s&— M A T4, HBCHE 7, BA4
Mufr s, W, e i, To s B 4 55
R, AR 4 sk U B, XIA0 & B0 R R -+ iR
1% 155 & 1(pancreatic and duodenal homeobox 1, PDX1). I
i FIES T 241 PA) I8 9 ik [X] [R] Y4 A(MAFb ZIP transcription factor A,
MAFA)2 /> 5 [R 33 35 21 /8 BRUBRE & o, RIS B o 200 2 404
9B 4HHE, 4278 MAFA, PDX1 JE[RI7E B 5 B 40 K &
SR A HEMAER . B A2 A5 E R MAFA F
PDX1 5 I 85 8RN T4, SCBL 14 48 Bl oAk R i
By BFEAIAL, H SRR VAR A RBCR A . B R
1895 H A AT B R e AR e RIA MY, R, %S IR i
MAFA-PDX1 j ik 1895 2 /B & HUMSCs, JFEERA /N T &
YIES 7, 155 HUMSCs [A) 35 B i1k .

1 #EFI753E Materials and methods

1.1 &0t 4HMEIER S

1.2 BFRA AMbE 9256 2019 4F 10 A & 2021 4 3 HEMSK
KA 25 4 B AT 70 A 0 5 il

1.3 A

1.3.1 kiR Znlk KRB 8 8 B fe B2
SRbHE, S AIKER e #H R (2018-04) 5, Ay

RUFE TNk K22 B2 2 e 56 — I B B Bt P R R AT BB A
S R AR AL, RIS R KBRS, &M
HHEET.
1.3.2 X7 DMEM/F12 8975 ( 3£ [H Gibco A ); L-DMEM
35 7% £ ( 3£ [ Gibco 4 ] ); H-DMEM #5 7% 2 ( 38 [H Gibco 2
"] ) BRA-IE (€ Gibco A7) ); JETEENZ (Solarbio A F] );
B- K 7.1 (Solarbio /A ] ); Exendin-4(Solarbio A W] ); XA
fizZ (Solarbio A7 ); GoScript 3% 22 4: ( Z£ [E Promega 2\ ) );
Trizol(Invitrogen /A ] ); gPCR Master Mix( 3% [E Promega A 7] ).
1.4 Fik
1.4.1 HuMSCs (195 i ANEE 9% AR B R K i e (8 B 2 3B A L
JBFs, RIS, 5 RT3 O I, 4 305 0 Ji i 1)
FERR A ZIBT A 1.0-2.0 mm® (LA ZIH, 3 AR AE 12 FLAR
W, N EARFR S 50 10% a4 1L/ ) DMEM/F12 #5373k,
BT 37 °C, RN 5%CO, A FRsa iR, 3d Bl
1R, dHfffhG EEE 80% MI & A 43 808 10% G 24 fLi& (1)
L-DMEM E5 7= BE AT Al AL X
1.4.2 IR L E HUMSCs KR A 55 4 48 HUMSCs,
500xg 50> 5 min YOI, 3% 2 BiE, IR 40 T
PEMR 1 mL, FRRESCUTIESA M, A 100 pL i X CAE R E
EANH, %5 uLPudk / E o o AT RIPUAR, BT
B 15 min: anti-human CD73-APC. anti-human CD90-EITC,
anti-human CD105-PerCP-Cy5.5. anti-human HLA-DR-PE,
anti-human CD11b-PE. anti-human CD19-PE. anti-human
CD34-PE. anti-human CD45-PE, Bfi J5 ¥, =&, f#] BD
Cantoll {7t 4H B A -
1.4.3 M. EREHEFEEA

(1) 14 218 % 3 k. X H 1 24k pHBLV-CMV-MCS-
3FLAG-EF1-Zs Green-T2A-PURO 37 C g V], & ml Uk, KA &
PCR [HlWi: AbFRLF I H 1 v Be 58U, M RN A R
(20 pL); Hefk (2 ASANME: DHSa): Pifh: &FER, 37 °C.
230 r/min B I3 %%, B4k S PR kS, 37 °C. 230 r/min
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ABFEE FE R T AMa S I R EE

RASKIR NI LR

.

EapEAE.  ovewezw

AR mEUEOVIOR RS

IRACHRREL A 7RI, 2R 3d B LU, HOET-18d
R A LA A U B f) s L AT AR M A AR

A NG B0%-90% F 4 0.25% EDTA (MU (IR LIEE T

LA #%1 0 28k1 0 344K, 2-4d A, a i A

UL F] 90%, I FHAHAT AL, SRR TS 4 AT
PR

EIRFEHAE - IZIIRLIS R A PR A B A MY R PR B AG 2% oy it

FETE 14 h, HBEWBOEAT PCR 58, N4 PR w o B VR I 7 2
AT o

(2) B0t R B a5 18 B 27 AR TR S LA B
B SR AR AR TR, 3 FhSURLE AR 23 AT i Ak R TG N
$&, ¥ psPAX2, pMD2G % B i ki #1455 17 MAFA, PDX1 % [A]
M AR R AL A gL 293T 4, k6 h J5, FHH AT KR
I3 HN 10% i 4= 1135 ¥ DMEM/F12 58 A 85 77 0k, 1597 48 h
M 72h 5, BOREEE &80 8 B0R 40 i B, 4 C,
82 700xg 50> 120 min, #5152 i 5 1412 095 258 BV -
1.4.4 MAFA-PDX1 1 2 1A 1895 25 B ZL HUMSCs % FH YL &
Ho{f 5, 10, 20, 30 [¥] MAFA-PDX1 i 3 ik 18 9% & 8 e
HuMSCs, J% 18 1/2 R R G ik, YL 72 h J5 75 8 B %
e N WA R AR G 1 sR S, TR
HOr DU R 8 . B B IR e R B AT 5 45258
1.45 JEAFWEL  7E MAFA-PDX1 i ik 185 15 K L % &
HuMSCs it f i, 5] B st SR RSB i .
1.4.6 HuMSCs i 57 (b Ak B 22 /- il 75 58 A 3 Fol
J5 X HuMSCs #E 17 S 01k, i SN 11d. OJF
FANRANSFEH: 5 1 KN MAFA-PDX1 i 3R 1A 1875
B, WEFRBCAE BB 10% A 2F L7 ) H-DMEM 35 3%
5, BRI @7 E B NEAWFE SIS EA, Bk
W MBS 1R, BIRINE 10 mmol/L JB v
1 mmol/L B- Fikk 48, A ECN 10% G4 LI 1) L-DMEM
BRIREL, 4358 2, 3K, BRI 10 mmol/LJE Sk
1 mmol/L B- ik 2.0 ARFA 5> H0R 10% JiG 4 1fLi5 ) H-DMEM
BIR A, AWM AR 411 R, B IR WO 10 mmol/L
Exendin-4, 10 mmol/L JE Wi iZ. 1 mmol/L B- #ik L1, f&
U H0h 10% s 45 I (1) H-DMEM $5 78 2%, Wil F 25 7 K
BN MAFA-PDX1 i KA B FE. @ F F CRRBHEFMAY
F SRR HATA, 25 1 RN MAFA-PDX1 i %4 18 7 5,
RIFTT % B,
1.4.7 oRT-PCR VLA T [ 4Bk S AL R R IR F L
FHIA TR AL B, CH Rl T 5, 11K, %M RNA simple
Total RNA kit 3¢ B 5 #2 HL & RNA, RT-PCR £ 383% 1 Quantscript

1002 | PEARTIZAR | 58528% | 78 | 2024538

RT Kit #3E47 3R15 S 56 7=, 1oh P52 7 % I 5 3 72 W), SYBR®
Premix DimerEraser™, ROX Reference Dye 7f 2 5 fif ik, K
ST NER 1. % 3 ANETFL, K& IR bR AT AR A H s
3T

F1 | EES4F5

Table 1 | Gene primer sequences

B3| G151 (57-3')
MAFA F: GGT CAT CCG GCT CAA GCA
R: TTG TAC AGG TCC CGCTCT TTG
PDX1 F: GCCTTT CCC ATG GAT GAAGTCT
R: GGC CGT GAG ATG TACTTG TTG
NKX6.1 F: TGG CCT ATT CGT TGG GGA TG
R: TGT CTC CGA GTC CTG CTT CT
GLUT2 F: ATG TCA GTG GGACTTGTG CTG C
R: AACTCA GCCACCATG AACCAG G
INS F: CGCAGCCTT TGT GAA CCA AC
R: CCACCTGCCCCACCTG
GCG F: TTG ATAATC TTG CCG CCA GGG AC
R: TTG GCA TGC AAA GCA ATG TGG CC
NEUROG3 F: GGACCCCATTCTCTCTTCTTTTC
R: TTG AGG CGT CAT CCTTTCTACC
Actin F: AGG ATG CAG AAG GAG ATC AC
R: TGT AAC GCA ACT AAG TCATAG

1.4.8 XUlEgts TR A, B, CiESH 11 K, gifuhinA
1 mL XU AR, 37 “CHEF 20 min, PBS i 2 min x3 1K,
TR B AR Z B N RIS, TR NG FETIE 4 18
HuMSCs,

1.5 EZMWRAAR OTE MAFA-PDX1 i 7% ik 18 i 2/ e
HUMSCs 75 3/ AL RE i, 318 BB T W 4n iR A 324k

@ qRT-PCR LA M5 5 J 4 P FE S5 AH DG B R R ik s @R A
Pt S5 T 5 A N B S T R B AR DL

1.6 %itFadr AR EE 3K, L xts Lox. H
SPSS 19.0 HAFHHATSE it 220 M. Giit I i AR BEA t K
B JiZES . P<0.05 NZERARFEER L, P<0.01 K%
SEAEEEERE L. XEHIFFHFECEHLKEESE
Bt 28 R BR Be A Gt 2 R K A%

2 258 Results

2.1 HuMSCs B4 WLE 1, APl RARAE s 7 e g 5-
7 d, 0] DR A EH AR N REAR 5], JE AT T AR Al B, AR,
BT S E 2 7-10 d, & H [ JFAC4H i 25 Fir B 55 3
o, BT REG, ARSI, IR OR, 5 R 44 R AH AL .
AR A K 12, 10-14 d 4 I Fh A 1A 80%-90% T {4
o BARUGHMAERKBERR, 1 0 3464040 3 d nf K Hs
e ZAMR RSN EEFE 10 ARLL b, (H 40 0 s 2
129 RGNS, AHMIT BT 9E K. P SEERA S 4 1R
gHf, SR B B KR, AAKE it

2.2 HuMSCs A &AM A Edeg RiE  SERRECE 4 1400
FEA AT A B, 45 278 HuMSCs #35E =114 CD73
(99.01%), CD90 (95.6%), CD105 (96.2%), ik 3 ik vl & AN %
i5 CD11b(0.80%), CD19(0.6%), CD34(0.4%), CD45(0.6%),
HLA-DR(0.6%), . 2.
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2.3 MAFA-PDX1 it &A% i - HAR ) #3E  HBLV-ZsGreen-
PURO i f& A 3x10° TU/mL. HBLV-h-MAFA-PDX1-3xflag-Zs-
Green-PURO 3§ /& & 1x10° TU/mL, h-MAFA-PDX1 Jll /5 &5 5 Lt
XF UL 3.
2.4 MAFA-PDX1 i & A 1% J& 25 % 4 HUMSCs 69 51 2 4 4 8%
16 HERAEHUE N 5, 10, 20, 30 [ MAFA-PDX1 i ik g
R Y HUMSCs, $57% 72 h 5 7E (8 B 98 il Nl gest
IR, I A AR W 1 5 3 (1) R L R

4}y MAFA-PDX1 185 £ /& 4L HUMSCs 72 h J5 {5 8 59
ST, R B 5 I R S R 5
TG 5 B4l 9 10, 20, 30 INF4H M A He 1 4% €078 i 38 I 189
i

5 S5 MAFA-PDX1 18975 22/ 4% HUMSCs Ff/R LR, Ry
STHUE 5 IS E L5 52.6%; YL HE N 10, 20,
30 I K253 99%, 100%, 100%. [ &4 HUE T =,
T HuMSCs HHBIFET:, HURG R A &, T4l dicE
R, B K R R A R A R e KT 90% [H] S 4
RS RIFHEI TR/ NERERE. Nk, seikffiirs
BUE A 10 ) MAFA-PDX1 i 1A 1295 7/ 4 HUMSCs.
2.5 MAFA-PDX1 1545 ¢4 HUMSCs &) Mk &2 2 48 JiL AL,
251 YTEAYNE HE 6. OF R A( RANSHEH ):
FEGE S K, ML LN R4S f, g2 Rk
HRIATE, REREIR, ProetEilng, J577 s B B0 R4,
FFE 1L R, Mo RERR, HFELEFRE. Lk
S RIBRHE 11K, HEAFFHLE R4 9%
BIBOFHEBMITE C. @ E BLAWETH ISR
M) HFIFHS KR, WMOoMBEERERZ MY, HURLEZE
Wi, MR ERL], ERERG SRR, R
FAK: B RMREEEKFAWE, HIREEAKN
JoR B R A . 7 % B 2E 11 KRR AR A i B = i B 2
FHR2MIFESHE. @NFE C( 185 &M T R
TH): HBEHE 5K, HodRERESRL M, Hilxi
BHTARR, ARERERA, FRFAK, REREML
M TRAFLRB 2 FSH 11 RAMWAKEE, 4
R BCREE 5 Kgb .
2.5.2 REFFEFE TG4 iR QAR SE R R IE

(1) 77 % A( L2018 5 25 20 ) 5 5 i 48 i o JBR 05 A OC =
FFE, WE7. 355 KK, 53 BAMK, MAFA
MPDXIERNEZEREEA T, —HWMITREREN 5N
37 989.71+7 685.54(P=0.002), 844.09+22.49(P < 0.001);
GCG. GLUT2. NKX6.1 Z K ik Ft &, o AH X 3R 14 & 45 7
4 33.30+14.50(P=0.035), 3.35+1.07(P=0.037), 5.48+1.79
(P=0.026); INS Fll NEUROG3 % [A RILESG % LT E =
S, 4 % A 0.90+0.39(P=0.735), 0.35+0.21(P=0.181). i &
11 RES, SnTRE4AH L, MAFA FiI PDX1 3[R % 1A i 2 T
L, L E BRI IR 3 )] A 16 307.57+1 890.56(P < 0.001),
327.89+23.25(P < 0.001); GCG. NKX6.1 K:[HFE AT &, HLAH

% 22 % & 4> B N 8.69+3.47(P=0.037), 2.65+0.59(P=0.025);
INS. GLUT2 fil NEUROG3 J:FFRIATEG 2% F T B % 5,
4% W N 1.2640.14(P=0.118), 1.91+0.66(P=0.124), 0.28+0.03
(P=0.139).

(2) HE BB FHMNE W B4 ) 5 F )5 2 e b
JoR R SR L R ik, WE 8. HEH S KN, SXTHR4IH
., MAFA. GCG. INS. NKX6.1 J& [K % ik FF &, JLAH 0f %
ik B 4y B A 85.73+14.23(P=0.001), 40.46+6.54(P=0.001),
1.77+0.10(P=0.002), 5.39+1.51(P=0.016); PDX1. GLUT2.
NEUROG3 B:[K R IATESL T4 FICE R 2E 5%, 737)°4 0.18+0.06
(P=0.084), 2.06+1.16(P=0.269), 1.03+0.10(P=0.772). %
11 ORI, 5T IEZHAH B, MAFA I PDX1 JE [N % 5k 2 3%
FhiE, A 6 A B 4> B A 193 881.49+20 119.50(P <
0.001), 2 644.85+146.88(P < 0.001); GCG. INS, GLUT2 %
FiE Tt HARXFRIE B A 2.9810.73(P=0.033), 19.40%
2.44(P < 0.001), 5.02+1.38(P=0.015); NKX6.1. NEUROG3
KFRIEAEG % EO R 25, 454 0.9040.13(P=0.546),
2.38+0.96(P=0.226), MAFA. GCG. INS J: KA ¥ S5 5, 11
RIGFIETE, Hrh MAFA FIINS JE[R5S 11 REILEEE S
T2 5K, GCG E:[M 5 RFL&EE T4 11 K. NKX6.1 1
RTEFHE 5 5 Ktm, 11 REHERIE.

(3) 77 % C( 12 #E A2 2 RN AT 4H ) 5 2 5 40 e
RS A SR I R R IL, WE 9. BEH S R, SXIRA
AH LG, MAFA 1 PDX1 B[R RIA B3 Th i, 3 AR Rk
/> % 4 314 696.50+52 937.80(P=0.001), 4 414.68+736.09
(P=0.001); GCG. INS %t Kl ik Fb &, HoAH X 204 & 75 il
4y 25.5346.23(P=0.005), 2.07+0.04(P < 0.001); GLUT2,
NKX6.1. NEUROG3 Z:[HFIATES il % L LR 2R, 45|
1.64+0.85(P=0.350), 1.77+1.46(P=0.523), 0.70+0.25 (P=0.406).
P 11 R, SXTHRAIAH L, MAFA FI PDX1 % [H 3R 1A
FIP L, A A R B 2y i 04 36 448.73+1 309.93(P <
0.001), 617.14495.67(P=0.001); INS & [K ik Ft =, HoAH N
Fik Fly 2.9340.09(P < 0.001); GLUT2 JE[H A 4%, JLAH
%o} #6345 M 0.26+0.16(P=0.003); GCG. NKX6.1. NEUROG3 %
HRRIATES TS FTRHEZER, 754 1.78+0.35(P=0.135),
0.74+0.20(P=0.272), 0.59+0.03(P=0.297). MAFA, PDX1. INS
HERTEIFE T 5, 11 RIYFIATHRE, F+ MAFA, PDX1 2 [H
S RKRBESTH 11K, INSERE 11 REXESTH
5 K. GCG fEHFH 5 RRIATm, H 11 KL ERIE.
NKX6.1 FERIFEEE 5, 11 RILIHEERIA.

(4) LLEAN R 7 2175 5 40 i b i S A DG BE DRI ik 22
DL 10, [R5 S IR AT 3 AN T R R L, FEE 5 R,
77 % C If] MAFA 1 PDX1 RER Rik Sy B 11 R, 77
% B [f] MAFA fil PDX1 ML [N R LA B m. HEBEFFHS
R GCG B[R KA, 5 11 K INS Fl GLUT2 JE [N Rk 2 3 M
Fhgm . Ft, 775 B A AT MR S R S WA L
I8 RE -
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PG EA HBJJ&ﬁfﬂ
FHIHS K

l’§l/£ IEIA/J%}\i/I\‘Z’*EXHjE’JHﬁﬁ?, RIMHLIE R KR . PBS #hife.

Fri i AR MW B oA BT AL, K 2 SISl kR B 4w,
f%iftfi‘j 0 B 5 R SR TR, AT 4 857 8 SR AR R (i 4
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Figure 1 | Primary culture of human umbilical cord mesenchymal stem cells
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Figure 2 | Flow cytometry phenotype of human umbilical cord
mesenchymal stem cells
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Figure 3 | Comparison of MAFA-PDX1 sequencing results
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Figure 4 | MAFA-PDX1 lentivirus infected human umbilical cord
mesenchymal stem cells under inverted fluorescence microscope for 72
hours (scale bars: 100 um)
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Figure 5 | Effect of different multiplicity of infection of MAFA-PDX1
lentivirus on human umbilical cord mesenchymal stem cells
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Figure 6 | Morphological changes of human umbilical cord mesenchymal
stem cells induced by three protocols (light microscopy, x40)
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Figure 7 | Real-time qPCR of detecting the expression of islet related
genes in human umbilical cord mesenchymal stem cells induced by
protocol A (lentivirus group)
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Figure 8 | Real-time qPCR of detecting the expression of islet related
genes in human umbilical cord mesenchymal stem cells induced by
protocol B (drug induction followed by lentivirus group)
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Figure 9 | Real-time qPCR of detecting the expression of islet related
genes in human umbilical cord mesenchymal stem cells induced by
protocol C (lentivirus and drug induction group)
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Figure 10 | Expression of islet related genes in human umbilical cord
mesenchymal stem cells induced by three protocols detected by real-time qPCR
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Figure 11 | Dithizone staining results after induction of three protocols
(light microscopy, x100)
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