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Lin Xiao-bot, Wang Tao?, Wang Hong-wu?, He Hong-yan?, Ying Wen-jun?, Lin Li-mingt, Ma Gui-xiat,
Feng Xue-yong?, Jiang Xue-wu?, Shi Xue-chuan?, Yang Han-hua?, Liu Xiao-shan4, Jiang, Jikai*, Ma Lian™

1Department of Pediatrics, the Second Affiliated Hospital of Shantou Univer sity M edical College (SUM C), Shantou

515041, (CHINA)

ZShenzhen L onggang People’ Hospital, 518020, (CHINA)

*Department of Surgery, theFir s Affiliated Hospital of Shantou Univer sity M edical College(SUM C), Shantou 515041, (CHINA)

“Department of Biochemistry, School of M edicine, Shantou Univer sity, Guangdong, 515041, (CHINA)

E-mail : malian8965@sina.com

Received: 10" Septembar, 2011; Accepted: 24" Septembar, 2011

ABSTRACT

To test the myocardiogenic potential of human umbilical cord -derived
mesenchymal stem cells (MSCs), MSCs were incubated for 24 hours in
serum-free Dulbecco’s Modified Eagle’s Medium (DMEM )containing
10umol/L 5-azacytidine(5-aza). The medium wasthen changed to DMEM/
10% FBSfor 4 weeks. Also, MSCswere incubated for 24 hoursin serum-
free DMEM containing 0.8% dimethyl sulfoxide (DM SO). The mediumwas
then changed to DMEM/10% FBSfor 3 weeks. The expression of cardiac
desmin, troponin | and troponin T was evaluated by immunohistochemis-
try in the differentiated myogenic cells. RT-PCR was used to test the ex-
pression of Nkx2 .5 and troponin | cDNA inthe cellsinduced. Myofilament
and change of cell shape were examined by Transmission Electron Micro-
scope and Scanning Electron Microscopy. Our result showed that MSCs
derived from human umbilical cord retained myocardiogenic potential and
could be induced into cardiomyocytes by both 5-azacytidine and DM SO,
suggesting a suitable approach for cell therapy and transplantation.
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INTRODUCTION

Cardiomyocytes are short of regeneration capac-
ity, o the death of cardiomyocytescan lead to cardiac
failure. After myocardiuminfarction and cardiac cells
massive necrosis, fiber hyperplasiaand scar formation
can not repair thedamage. M ethod of traditional treat-
mentsonly delaysthe progress of thediseaseand can-
not solvethe prime problem. Transplantation of stem

cdl will bethe most important method of treatment for
ischemic heart disease¥. However, upto now, wetill
cannot decidewhichisthe best typeof cellsfor trans-
plantation, because of issues such asthe source of do-
nor cellsandimmunological rejection.

Cdll trangplantation to enhancethe cardiac function
hastherefore been actively explored. But the source of
cdlsislimited. Currently the most important sources of
M SCsare bone marrow and human cord blood. Itis
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also controversial whether human cord blood contain
MSCs?4, Soitisimportant to find an easy source of
MSCs. Therewerereportsthat M SCsfrom bonemar-
row!™5land human cord blood® “could beinducedinto
cardiomyocytes. M SCsfrom human umbilical cord
Wharton’s jelly and the marrow had the same
homoioplastic property’®. Our previousresultsreveded
that M SCsfrom the human umbilical cord showed posi-
tive expressions of surface-marker CD29, CD44,
CD59, but expressneither hematopoietic lineage mark-
ersCD14, CD33, CD34, CD45, CD38 and CD117,
nor GVHD-related markers CD80,CD86,CD40 and
CD40L. TheM SCsfromthehumanumbilicd cord have
thepotentia of multi-directiona differentiation. They
could differentiateinto nerve-likecel 1% 19,

Therefore, we suggested that human umbilical cord
Wharton’s Jelly contains multipotent progenitor cells that
could proliferateand differentiateinto cardiomyocytes.

MATERIALSAND METHODS

Cell cultureand main reagents

Humanumbilica cord Wharton’s Jelly for this study
was asepticdly collected frominfantsddivered by full-
term normal |abor at Second Affiliated Hospital of
Shantou Universty Medicd College(SUMC). Thiswas
approved by the Hospital’s ethics committee. 5-
azacytidinewaspurchased from SgmaCo,USA. Dim-
ethyl sulfoxide was bought from Shanghar DNA
BioTechnologiesCo.,Ltd. Desmin,troponin |, troponin
T were donated by Lab Vision Corporation, USA.
Dulbecco’s Modified Eagle’s Medium (DMEM), Fetal
Bovine Serum (FBS) and 1% gl utaminewere purchased
from Gibco Co, USA. Streptavidin-biotin-avidin com-
plex (SABC) wasfrom Boster Co, China. Trizol was
from Invitrogen, France, and materid sfor reversetran-
scriptase-polymerase chain reaction (RT-PCR) were
supplied by TaKaRa, Japan.

M SCsculture

The method of cell culture was previously de-
scribed® 19,

Induction of Wharton’s Jelly cells

When the cell sreached the 3rd and 8th passages,
induction of Wharton’s Jelly primary culture was per-
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formed, with the cells at 60%-70% confluence. The
MSCs were incubated for 24 hours in serum-free
DMEM containing 10pumol/L 5-azacytidine. The me-
dium was then changed to DMEM/10% FBS for 4
weeks, followed by 24 hoursin serum-free DMEM
containing 0.8%DM SO. Themediumwasthen changed
to DMEM/10% FBSfor 3weeks!. Thewholeinduc-
tion processwas carefully monitored using the phase
contrast microscope.

Morphology

Morphology of the cellsbeforeand after induction
werecompared using scanning e ectron microscopeand
transmission el ectron microscope. Any changes after
induction were documented.

I mmunohistochemistry

The cdllswerewashed with PBS, fixed for 20 min-
utes at 37°C in 0.05% methyl alcohol, followed by
0.1%Triton-X for 10 minutes and 3%H.,O, 20
minutes,incubated for 25 minutes at room temperature
withal:9dilution of norma goat seruminPBSto block
nonspecificbinding of the primary antibody. Thedlides
werethen incubated for 16 hoursat 4°C with various
nonlabeled mouse anti-human antibodies(Desmin,
Troponin| and Troponin T), followed by biotin goat
anti-mouse antibodiesfor 20 minutes, and then dyed
and took pictures. The experimentswererepeated at
least threetimes.

Semi-quantitativeRT-PCR

Total RNA of the cellswasextracted by Trizol for
semi-quantitative RT-PCR, which was performed un-
der thefollowing conditions: Nkx2.5, forward primer:
:5’- GGA GAA GAC AGA GGC GGA CA -3’ and
reverseprimer: 5’-ACG CCGAAGTTCACGAAG
TT -3 " i525bp * j, denaturation at 61 * Z. For
Desmin, forward primer :5’- ACC GCT TCG CCA
ACTACATC -3 and reverse primer 5°- TCA CTG
GCAAATCGGTCCTC-3 " i727bp * jwereused
followed by denaturation at 61 * Z. -actin was used
asaninterna referencein each reaction, with forward
primer: 5- CACACTGTGCCCATCTACGA -3’ and
reverseprimer: 5’- TACAGGTCTTTGCGGATGTC
-3’ * 1400bp).
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RESULTS

M SCsculture

TheM SCsresembled fibroblasts, smilar tothese
inour previousstudies. Theduration of primary culture
was 10-14 days. After passaging, the cells could pro-
liferate4to5timesin 3to 5days, but thisproliferation
somewhat decreased after 9 times of passaging.

Figurel " FTheexpressionsof cardiac Desmin(A), cardiac
Troponin | (B) and cardiac Troponin T(C) werestrong postive
in M SC, after treatment with 5aza. Cellsof human umbilical
cord haveafibroblast-likemor phology(D). ® ix200 * j

Morphological change

The M SCs of the 3rd and 8th passageswere cul-
turedin DMEM andinductionwasperformed with 5aza
or DM SO. Themorphology of these cellschanged af -
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ter 1 to 2 weeks: the cells became bigger, like
rhabdocytes, and afew cellsappearedirregular. More-
over, somestreaky structure appeared insdethe cyto-
plasm.

I mmunohistochemistry

MSCsbeforeinduction grew asaflat singlelayer,
likefibroblasts, and were negativefor Desmin, Tropo-
ninl and Troponin T expressions. After incubating for
24 hoursin serum-free DMEM containing 10pumol/L
5-azacytidine and then with DMEM/10% FBSfor 4
weeks, the M SCswere strong expression for Desmin,
Troponin| and Troponin T.(Figure 1)

Also, after incubating for 24 hoursin serum-free
DMEM containing 0.8%DM SO and thenwithDMEM/
10% FBSfor 3 weeks, the M SCswere strong expres-
sonfor Desmin, Troponin| and TroponinT (Figure2).

Resultsof RT-PCR

Figure 3 and 4 demonstrated that there were no
desmin and Nkx2.5 expression beforetheinduction.

However, thedesmin and Nkx2.5 bands appeared
after induction by 5aza.

Also, therewas no desmin and Nkx2.5 band be-
foreinduction, but the desmin and Nkx2.5 bands ap-
peared after induction by DM SO(Figure 5 and 6).

Scanning electron microscopeand transmission
electron microscope

The M SCsof the 3rd and 8th passageswere cul-
turedin DMEM, and induction was performed by Saza
or DM SO. The morphology of these cellschanged af -
ter 1 to 2 weeks. The cells became bigger, like
rhabdocytes, and afew cellsappearedirregular. (Fig-

ure?)
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Figure2 ® FTheexpressonsof cardiac Desmin(A), cardiac Troponin | (B) and car diac Troponin T(C) werestrong positive

after treatment with DM SO. ® ix200 * j
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Figure 3: RT-PCR analysis of the Nkx2.5 in cells treated
with 5aza. M, DL2,000 M arker ;1, g-actin * 1400bp * j, af-
ter induction ;2, Nkx2.5 = i525bp * j, after induction ;3, p-
actin ® 1400bp = j,before induction ; 4, Nkx2.5* 1525
bp = j, beforeinduction.
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Figure4: RT-PCR analysisof thedesminin cdllstreated with
5aza. M, DL 2,000 Marker ;1, desmin = i727 bp * j, after
induction ;2, B-actin ® 1400bp * j, after induction ;3,
desmin ® i 727 bp * jbefore induction 4, B-
actin ® i400bp * j, beforeinduction
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Figure 5:RT-PCR analysis of Nkx2.5in cellstreated with
DM SO.M, DL2,000Marker ;1, B-actin * i400bp * j, after
induction ;2, Nkx2.5* 1525 bp * j, after induction ;3, p-
actin ® 1400bp = j,before induction ; 4, Nkx2.5* 1525
bp = j, beforeinduction.

Ultramicrostructural changes
Electron microscope reveal ed that the cellswere
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Figure6: RT-PCR analysis of desmin in cellstreated with
DMSO.M,DL2,000Marker ;1,desmin * i727bp * j, after
induction ;2, p-actin ® 1400bp * j, after induction ;3,

desmin ® 1727 bp * jbefore induction
actin ® i400bp * j, beforeinduction
v ‘;v - =

4, B-

cell * Cand myofilamentswer efounded in thecytoplasm af -
ter treatment with 5aza(A) or DM SO(B)

full of ribosomeswith somemyofilament-likestructures
intheendochylemaafter induction by 5azaor DM SO.
(Figure8)

DISCUSSION

M SCshavethe potential of multi-directional dif-
ferentiation. The most important source of MSCsis
bone marrow. But 10*-10° bonemarrow cellsonly has
oneMSC. Itisnow aso controverial whether human
cord blood contain MSCdg24. In the previous study,
wefound that human cord blood containsM SCs, but it
isdifficult for serid subcultivation*?.

Human umbilica cord matrix cellshavehomoplas-
tic property similar to the M SCsof bone marrow!*39,
Mitchell et a® reported that umbilica cord matrix cells
had the potentidity of multipotent slem cdlls, could pro-
liferate 80 timesin vitro, and a so expressed the mark-
ersof slemcdlls, such asc-kit and telomerase. Umbili-
ca cord matrix cells expressed markersof nervecells
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Figure7 ® FCdlsfrom human umbilical cord haveafibroblast-likemor phology(A). TheM SCshecamebigger, liker habdocytes

after treatment with 5aza (B) and DM SO (D), and myofilament-likestructur esappear ed in the cytoplasm after induction with
5aza(C) and DM SO(E). (Ax200 * CBx300 * CCx2000 * CDx250 * CEx2000)

after treetment with bFGF * Aserumand DM SO. Weiss
et a¥injected pigumbilical cord matrix cellsinto the
brain of mouse. Theinjected cellscould liveand mi-
grateinthecaseof noimmunedepressant. Theinjected
cellsexpressed themarkersof porcinenervecdls. This
provided evidencesthat umbilica cord matrix cellscon-
tained M SCsand could differentiateinto nervecells.
M SCscould beinducedinto cardiomyocytes. There
were reports that M SCs from bone marrow!™ and
human cord blood!® 7 could be induced into
cardiomyocytes. Hwai-Shi Wang et all*found that
M SCsfrom human umbilical cord Wharton’s jelly and
human cord blood had similar phenotype. MSCsfrom
human umbilica cord Wharton’s jelly could express N-
cadherin and cardiac troponin | after treated with 5-
azaor co-cultured with cardiomyocytes. All thesefind-
ings suggested that human umbilical cord—derived
mesenchymal stem cells could be another important
sourceof cellsfor trestment of myocardia infarction.
Thepresent study found that Wharton’s jelly MSCs
could proliferaterapidlyinDMEM with FBS, EGF and
bFGF added, and could proliferate 4 to 5 times after
passagewithin 3to 5days. Moreover, cdl proliferation
could bemaintained for 10 passages. Theseproliferated
cdlsweremainly e ongated fibroblast-like cellswith or
without branching, very smilar to theM SCsfromthe
bonemarrow. Our resultswere consistent with previous
reportsshowing that Wharton’s Jelly contained some stem
cdllsthat could expand, sdf-replicate, and differentiate
intomultiplecdl typesunder gppropriateinduction con-
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ditions. FACScan cytometry showed that therewereno
markers of hematopoi etic stem cellsand cellsrespon-
sblefor graft rgjectionin cultured M SCs. We concurred
with recent studiesthat Wharton’s Jelly could be more
convenient and feasiblefor cdll trangplantation, and dso
could represent amore economical source of MSCs,
compared with bone marrow!® 19,

Sazawasaana ogueof cytidineandit could activete
some genes with specific phenotype by provoking
hypomethylation of somecytosineresidues. Thegeneis
normaly inthestate of transcriptioninactivation, and con-
tainsanimportant postiontha determinedifferentiation of
thecdlsintocardiomyocytes ThesecdIscould differentiate
into cardiomyocytesafter trestment with Sazawhich pro-
voked hypomethylation of thecytoaing®® 19, Congtantinides
PG e d@firgly used 5azatoinduceembryoniccdlsdiffer-
entiatinginto cardiomyocytes. Makino Set d'? reported
thet about thirty percent of thefibroblagt-likecdIshad some
morphologica changes. 5-Azatrested cdlscouldintercon-
nect after oneweek, and someformation of myotubeap-
peared inthecdIstwoweekslater. Thesecdlscould beat
synchronoudy threeweeksl aer.

Paquin Jand Draper Jos? 23 reported that DM SO
could inducemouse embryonic stem cellsand dermoid
tumor cellsto differentiateinto cardiomyocytes. Shi et
a™found that DM SO could induced human bonemar-
row M SCsto differentiateinto cardiomyocytes. DM SO
up-regulated the expression of prodynorphin and
ynorphin B genesto switchontheexpresson of GATA4
and Nkx2 .5 and synthesisof a-MHC and cardiac ven-
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tricleidio-myosinlight chain-2(22. Our study found that
the shape of the M SCschanged after trestment with 5aza
or DMSO. Most of them became rhabdocytes,some
wereirregular. Thebody of cellsbecamebigger andthere
weresomedreaksformedinthecells.

Theinduced cellsexpressed Nkx2.5 and troponin
| cDNA ,and also showed positive staining for desmin,
Troponin | and Troponin T and devel oped myofilament
ingdethecells. Theseresultsdemonstrated that MSCs
derived from human umbilical cord could beinduced
into cardiomyocytesby Sazaand DM SO. Theinduc-
tion effectsshowed no significant variation among dif-
ferent M SCs passages.

Nkx2.5isanearly transcriptionfactor that wasdosaly
linkedwiththedifferentiation of cardiomyocytes. RT-PCR
showed that Nkx2.5 and desminwere positiveafter, but
not brforeinductionwith 5azaor DM SO. Thisfindingsug-
gested oneof themechanismsby which 5azaand DM SO
exetitsinduction effectson M SCs. Themyoafilamentsin
theintracytoplasmindicated that the cellsinduced have
contractile properties. So both 5azaand DM SO could
inducehumanumbilica cord—derived mesenchymal stem
cdlstodifferentiateinto cardiomyocytes.

Wedid not seedifferentiated cellsbeating. Thisphe-
nomenon israre dueto the varied experiment condi-
tions, becausereference observed only afew beating
cellsin 192 clones.

Our resultsdemonstrated that therewere M SCsin
human umbilical cord . Human umbilical cord—derived
M SCs could differentiate into cardiomyocyteswith
changesin geneand protein expressionswhen induced
by 5azaand DM SO. Compared with stem cellsfrom
other sources, human umbilica cord—derived MSCs
have someadvantages: (1) thehumanumbilica cordis
collected very easily and readily awailable; (2) MSCs
wereeasy to collect, cultureand store;(3) MSCswere
rel ativeimmunol ogicimmaturity. However * Cwhether
the differentiated cells can live and connect with the
cdlsaround andformafunctiona syncytium after trans-
plantation remainsto be explored.
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