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Transdifferentiation of a-1,3-Galactosyltransferase Knock Out (GalT KO) Pig
Derived Bone Marrow Mesenchymal Stromal Cells (BM-MSCs) into
Pancreatic Cells by Transfection of hPDXI
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ABSTRACT

Diabetes mellitus, the most common metabolic disorder, is divided into two types: type 1 and type 2. The essential

treatment of type 1 diabetes, caused by immune-mediated destruction of B-cells, is transplantation of the pancreas;

however, this treatment is limited by issues such as the lack of donors for islet transplantation and immune rejection.

As an alternative approach, stem cell therapy has been used as a new tool. The present study revealed that bone marrow-

derived mesenchymal stromal cells (BM-MSCs) could be transdifferentiated into pancreatic cells by the insertion of
a key gene for embryonic development of the pancreas, the pancreatic and duodenal homeobox factor 1 (PDXI). To
avoid immune rejection associated with xenotransplantation and to develop a new cell-based treatment, BM-MSCs
from a-1,3-galactosyltransferase knockout (GalT KO) pigs were used as the source of the cells. Transfection of the
EGFP-hPDXI gene into GalT KO pig-derived BM-MSCs was performed by electroporation. Cells were evaluated for
hPDXI expression by immunofluorescence and RT-PCR. Transdifferentiation into pancreatic cells was confirmed by

morphological transformation, immunofluorescence, and endogenous pPDXI gene expression. At 3~4 weeks after

transduction, cell morphology changed from spindle-like shape to round shape, similar to that observed in cuboidal
epithelium expressing EGFP. Results of RT-PCR confirmed the expression of both exogenous hPDX/ and endogenous
pPDXI. Therefore, GalT KO pig-derived BM-MSCs transdifferentiated into pancreatic cells by transfection of hPDX]I.
The present results are indicative of the therapeutic potential of PDX1-expressing GalT KO pig-derived BM-MSCs

in B-cell replacement. This potential needs to be explored further by using in vivo studies to confirm these findings.
(Key words: diabetes, pig, PDXI, GalT KO derived BM-MSCs)
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E7AZE o] & A X AZY Jded FHHEY F3h=
ZAA small3} large molecules(Activin A, Fibroblast Growth
Factor(FGF), Sodium Butyrate, Retinoic acid, Betacellulin, )
(Kumer 5, 2014)& o]£3l= W4, epigenetice =8 3l= U
(Pennarossa &, 2012), #7 #3ko] 2] H& FHAAE T
7+ E71A E AF31e] insulin producing cells(IPCs) 2
3} f- =& = WH(Karnieli 5, 2007; Xu 5, 2012; Yuan 5,
2012; Allahyerdi 5, 2015) S°] <84 Uth

AZA QIEdS E3le LBeell2 E317T 0] FoiA7] 9]
A= Age] wobdd @A F Wi dAA AGNER 717
#1841 %83 transcriptional factorZ Pancreatic and duodenal
homeobox factor 1(PDX1)d ] ¥3& X th(Allahyerdi 5, 2015).
A AFZAF o] ME A FE V1A EAA o] FH
ZFe] AYPLE IPCsE FE3FATHY B33 tHYuan 5, 2012;
Allahyerdi 5, 2015). ©]&]3t A& Fxzte] Hddo] A& Al
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T+ E71HNEE ol &3ted hPDXI FAA] AYS S35t
AX Az dhe] 7R E FEHH, | FFIA, 7
AzF ZZ o) 93 exogenous®} endogenous PDXI FH 2 L&
=7t AR
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Sigma Chemical Company(St Louis, MO, USA)ol| Al %3}
2, N2 Gibco(Life Technologies, Rockville, MS, USA)
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o] AL FYFATY FERYNAI Y TS Wol
T = Atk GalT KO # A= Ahn 5(2011)2] el s A
AE AL, Wl o TRAAE Aitste] Aol AREHS
o ZRE T2 714 EBM-MSCs)= 553 sl o)
HF ZFEEE QAR 3]H o] Faast 5(2006)°] W
ol 2J&l Ficoll-Paque Plus(Amersham Science, USA)S AH&-3}o]
ZAke] Eel ol wet F2l = o] AT GalT KO BM-MSCs
& #g 71 w0 2= Advanced Dulbecco’s modified Eagle
medium(ADMEM)®]l 10% fetal bovine serum, 1 mM Napyruvate,
100 U/ml penicillin G, 100 pg/ml streptomycin sulfateE 7}
ato] ARESFANL, AMAEES B 38.5C QAFfHlolH ZollA 5%
CO, =5 FASAA MIHAL, SUF 71 EAA 9
A2 & F(2013)9] ol ofsf vl SAHATE o] APl
AHEE N EZE BT 5 passages7FA 5 ARE-FH RAch

3. pEGFP-hPDX1 Vector B{E{ =

hPDX1 mRNA-& NCBI GeneBank®] accession #:BC111592
£ 7|Wte2 cDNAES #4319 T, pEGFP-C2 WE 9| multi-
cloning site®] EcorR IZ} BamH I A|$+ &4 A3t
Vector®] 28l 2 EGFP9} Neo H3 A7t B =2 E A7)
59 thFig. 1A).

4. hPDX1 Vector/ &1 E MZ d&t 5 AF

A& 9] hPDXI vector®] MEY =Y pl primary cell 4d-
Nucleofector®X  kit(Lonza, USA)9} 4d-Nucleofector-system
(Lonza, Germany) 7171 & o]&-3}o] 35tk 2x10°7] 2] GalT
KO BM-MSCs= 100 pl pl primary cell 4d-Nucleofector®X &
ol 51 A8 9] hPDXI vector 2 pug= 419] 4d-Nucleofector-syste
< o] &3te] AZAY wirdel wet A7) H3H (electropo-
ration)oll ¢J3| transfectionS % 5 A1431A 35 mm dishol
w7 71kl o' wlgFatal

Ao oF FHA AY £&S A7) $15H Nucleo-
Counter NC-3000< ©]-8-3t A3tk vl e A X< single
cells® &8 $l 1 pg/ml Hoechst®} Propidiumiodide(PT)©]

¥ 4C PBSE ol&3te] A& AL, slidee] seeding

-

lo ya

F Bt BE 42 Hoechst7} L&A= Al Z(F3 A
) NE)NE VIELE tg 2ol EREATh EGFP7F 2
e AE RAAAt E98 Aot dE AEE PIst
EGFP7} H@ = 795 2 AxoA it =99

702 BeraslhFig. 1B).
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Fig. 1. Construction of hPDX1 vectors and their transfection into a -1,3-galactosyltransferase knockout (GalT KO) pig-derived bone marrow-
derived mesenchymal stromal cells (BM-MSCs). (A) structure of the hPDX1 vector, (B) analysis of the transfection rate by Nucleo-

Counter NC-3000, (C) transfection ratio of hPDX1 in GalT
nofluorescence analyzed with NucleoCounter NC-3000, r

17g3t92H, 0.1% triton X-100, 1% BSA”} H7Fe PBSE
ARgste] 3W Al skl HAFAH SR 302 Ft o] £
of &@7F MEe EFAAE Z7FA7]3, blockingS = 3HTh
RNase F7He 1 pg/ml PI £94-& A1-8-31e] &j4bo)] o)t oz
HA & 3087 AABA T PBSE At 3 4 F Vec-
tashield antifade mounting medium(Vector Laboratories Inc.,
CA USA)S AHg3te] Egfe|Ee] g g Hojtey, A1
ZT2E Hol FFAn 7 ool A green red FFo Td

< #FESA

KO pig-derived BM-MSCs. Ba and Bb indicate the scatterplot and immu-
espectively.
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6. Reverse Transcription Polymerase Chain Reactlon(
B Exogenous2t Endogenous PDX1 mRNA &
FAR AY 4575 A EE 355 Y, RNeasy® Mini kit
(Qiagen, UAS)E A-2-3}9] total RNAE FE3% ) cDNA &
S 98] 1 ug/ml total RNAES AFE-8Fo] Omniscript® reverse
transcription kit(Qiagen)E AF&-3}e] cDNAE A AT &
o] f-Axte] W& &213}7] primerE hPDXI+= F-AAGTCC-
GCCCCATHCCCGAAGGCTAC’ ¢} R-ACGCGCATGGGTCC-
TTGTAAAGCTG, pPDXI12 F-AAGTCTACCAAGGCTCAC-
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GC’ ¢} R-GCGCGGCCTAGAGATGTATT’, Bactin> F-ATC-
ATGTTTGAGACCTTCAACACCC® R-CATGGTGGTGCCG-
CCAGACAGE A3tk PCR- premix(Maxime PCR Pre-
Mix kit(Intron biotechnology))& AH&-3t¢] S-Z-3ke] 1% agarose
gel®ll loadingdte] A7]1%9-5 ¥ <183tk Housekeeping gene
S 2+ Bacting AHE-3Fe] Internal control® AME-3FTH
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2. hPDX1 Vector7} &= MZO &
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4. RT-PCRO|| 2|5t Exogenous?t Endogenous PDX1 mRNA &
igs]

hPDXI vector”} transfection 45=7F 8] ¥ M| 3o A exoge-
nous hPDX12] #& & #2314 th(Fig. 4B). Positive control 2
AHE-E hPDXT vector2} 730 hPDXI©] transfection® A EE ol
A1 hPDXT F7d7ke] AFgdel E1=31th Endogenous pPDXI €]
73%-, transfection Zoll= A F X AR TE transfection F-]
T o] FxAe] o] HaE HHAEE AT F ATk
(Fig. 4A). Bactin® 75, WF 4259 control 2 AHE-F1$L
2, transfection® A X9} =X &F2 A E Zho] FHAFe] ol

2AEE& BHAF3ATHFig. 4C).

et

a

o] AT AL Gy MEARAE AL A8 @
o814 7% wrgo] 4348 GalT KO A1) 571 2714
22 A1g3e] A% 2HE 1T 271 AAR hPDXT9)
WY AR YRR S5 o] ok s1E el

s EH o e WHldAd AEMNEZR E3E fE2E F
AeS FeEish wsh, A9 FFHA, RT-PCRO &3] 51
stttk 53] oA =dE hPDXIZ =A AlZW A3
U pPDXIE 7MY A3t Sl & sl TS Fwol & F
ASS HoFAoh

Ay AT Aol =2 yeldAd fFevh obd T EA
e 21 Bone marrow= AWl o] =S of ApLH R
BH] A 2R 238 F o] B2H A (lanus T, 2003;

(B)
Fig. 2. Morphological changes in a-1,3-galactosyltransferase knockout pig-derived bone marrow-derived mesenchymal stromal cells trans-
fected with the hPDX1 gene. (A) cells without genetic modification, (B) cells transduced with the hPDX1 vector were cultured for
3 weeks (x100).
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Fig. 3. Expression of hPDX1 in a-1,3-galactosyltransferase knockout pig-derived bone marrow-derived mesenchymal stromal cells trans-
fected with the hPDX1 vector. (A) light source, (B) GFP (green) fluorescence, (C) PI (red) fluorescence, (D) Merged. Nuclei evidenced

by PI staining.
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Fig. 4. Evaluation of PDX1 expression using RT-PCR. Two types
of bone marrow-derived mesenchymal stromal cells from
the a-1,3-galactosyltransferase knockout pig were used:
cells with and without genetic modification. A: expression of
porcine PDX1, B: expression of human PDX1, C: [3-actin
was used as the positive control gene.

Choi &, 2003), ©] A7+& ©] AEE vHOE 2 X% HX
o FF SUY E/NAEE o183t A=k

PDX1Z WEY] #A73e] st Geell £3bol] 440 AL
oIzlE &edA dth(Zalzman 5, 2003). ©] A+l A= hPDX]
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A2 F& 4ol 7hsstths A3 viral transfections 314 &
SO 2H S =Y F e Gl UATE Ao v
2 A ZAYEE - viral transfectionol] ¥]3)] W2 transfection &
&o] EA17} ¥ thXu 5, 2012; Yuan 5, 2012). 922 23%
dx1etsi ek webA FACSE 53t cell sortingS 53+ EGFP
7F AR AETE At wj et #o] FIIE o] Fo
Aok & Zo =2 AzteEnh

hPDXI AYE T 712 PHetH 2 & fibroblast
like cell2 spindle-shape HEjol A v & 7U AR E round-
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2l cuboidal epithelial FEIZ W3} o] YEHA L] Fe 2
Ha st d 28 F0E 4 A th(Pokrywezynska &, 2015). -
219 A3t= Aol A lentiviral vectorS ©|g3le] =33k A
T AFete DX & th(Allahyerdi 5, 2015). 12y 35 o]
b wj ksl S ol Allahyerdi 5(2015)9] B9} 22 ¥ 2
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