Ecie Budiyanti et al., (2015) Int. J. Res. Pharm. Sci., 6(1), 7-13

(P
A

ijrps.com

ISSN: 0975-7538
Research Article

https:

Umbilical cord derived mesenchymal stem cell proliferation in various platelet
rich plasma and xeno-material containing medium

Ecie Budiyanti®, Isabella Kurnia Liem?3, Jeanne Adiwinata Pawitan***, Dewi Wulandari®, Taufik Jamaan ¢, Kanadi
Sumapradja®’

!Biomedical Master program, Faculty of Medicine Universitas Indonesia, JI. Salemba 6, Jakarta, Indonesia
2Stem Cell Medical Technology Integrated Service Unit, Cipto Mangunkusumo Central Hospital - Faculty of Medi-
cine Universitas Indonesia, CMU 2 Building, 5% floor, JI. Diponegoro 71, Jakarta, Indonesia
3Department of Anatomy, Faculty of Medicine Universitas Indonesia, JI. Salemba 6, Jakarta, Indonesia
“Department of Histology, Faculty of Medicine Universitas Indonesia, JI. Salemba 6, Jakarta, Indonesia
>Department of Clinical Pathology, Faculty of Medicine, Universitas Indonesia, JI. Salemba 6, Jakarta, Indonesia
5Department of Obstetrics and Gynecology, Bunda Maternal and Child Hospital, JI.Teuku Cik Ditiro 28, Central Ja-
karta, Jakarta, Indonesia
’Department of Obstetrics and Gynecology, Cipto Mangunkusumo Central Hospital, JI. Diponegoro 71, Jakarta,
Indonesia

ABSTRACT

Previous studies used fetal bovine serum (FBS) containing medium for umbilical cord derived mesenchymal stem
cell culture. Xenoproteins in FBS may be incorporated into the cultured cells and cause immune rejection, when
the cells are used in patients. Therefore, the aim of this study was to compare propagation performance of
umbilical cord derived stem cells that were cultured in various platelet rich plasma (PRP) containing media and
FBS derivate containing commercial medium.This study was an in vitro analytical study on multiple harvest explant
culture derived stem cells, which compared the stem cell population doubling time (PDT) of passage 1-3 cultures
in human AB PRP containing media (low glucose and high glucose DMEM, and aMEM) compared to xenopretein
containing commercial medium, MesenCult®. Overall, the lowest PDT was achieved by aMEM-PRP, and PDT in
DMEM LG-PRP and aMEM PRP was comparable to those of MesenCult®. Features of cluster of differentiation (CD)
expressions in P-1 suggest that the umbilical cord derived stem cells obtained from multiple harvest explant cul-
ture were not homogenous for MSCs. However, MSCs tended to become more homogenous with passages, espe-
cially for cells that were cultured in MesenCult®, followed by those cultured in aMEM-PRP. In conclusion, the best
propagation performance of umbilical cord derived stem cells passage 1-3 cultures was achieved in PRP containing
aMEM.

Keywords: Mesenchymal Stem Cell; umbilical cord; Platelet Rich Plasma; population doubling time; flow
cytometry

INTRODUCTION

Umbilical cord is a promising source of stem cells,
which acquisition does not pose a risk to the donor as
it is a delivery waste. Moreover, the use of umbilical
cord derived stem cells do not pose ethical problems.
Mesenchymal stem cell (MSC) isolation from umbilical
cord tissue is much easier than from umbilical cord
blood, (Troyer & Weiss 2008; Weiss et al 2006; Pawitan
et al 2013; Pawitan et al. 2014?; Secco et al 2008) and
isolation by multiple harvest explant method provides
more abundant mesenchymal stem cells compared to
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conventional explant method. (Pawitan et al 2014°)

Many studies cultured umbilical cord derived
mesenchymal stem cells in fetal bovine serum (FBS)
containing medium. (Yoon et al 2013; Li et al 2013;
Maslova et al 2013) However, FBS contains
xenoproteins that can be incorporated into the
cultured cells, and difficult to be eliminated; thus poses
a danger of immune rejection when the cells are used
in patients for regenerative medicine. (Spees et al.,
2014) To avoid xenoproteins, alternative of FBS, such
as human AB platelet rich plasma (PRP) can be used.

Platelet rich plasma is a trombocyte concentrate in
human plasma that is available from the Indonesia Red
Cross. Thrombin activated PRP was used to culture
adipose derived MSCs and was shown to be
comparable to fetal calf serum. (Kocaoemer et al 2007)
A study reported that 3% PRP supported bone marrow
derived mesenchymal stem cell proliferation
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comparable to 2% fetal calf serum (FCS) after passage-
4. (Vogel et al 2006) Various processing methods to
release the growth factors from the platelets in the
PRP were reported, and the easiest method is by
freezing and thawing in -20°C. (Pawitan 2012)

A previous study that used PRP from Indonesian Red
Cross, used a concentration of 5% and 10% in high
glucose Dulbecco’s modified Eagle’s medium (DMEM-
HG) for adipose derived stem cells, which showed that
10% was the optimal concentration, that was better
than MesenCult® in higher passages. Culture in
MesenCult® tended to cause more senescent cells,
which was shown by increasing cell size with passages.
(Suryani et al 2013) However, a study showed that
culture of rat MSCs in 4.5g/L glucose containing
medium like DMEM-HG tended to cause reduced
proliferation. (Stolzing et al 2006) Therefore, in this
study, we compared the population doubling time of
multiple harvest explant culture derived umbilical cord
MSC (Pawitan et al 2014°) passage 1-3, in three kinds
of media, i.e. low glucose DMEM (DMEM-LG), DMEM-
HG, and alpha minimal essential medium (aMEM)
compared to MesenCult®.

MATERIALS AND METHODS

This was an in vitro analytical study that was conducted
in Stem Cell Medical Technology Integrated Service
Unit, Cipto Mangunkusumo Central Hospital - Faculty
of Medicine, Universitas Indonesia from August 2013
through June 2014. This study got ethical approval
from Ethical Commitee for medical research of the
Faculty of Medicine Universitas Indonesia, ethical
clearance No.281/H2.F1/ETIK/2013.

Samples

Samples were umbilical cords from full term Caesarian
section delivered babies due to cephalo pelvic dispro-
portion (CPD), which were obtained from Cipto
Mangunkusumo Central Hospital and Bunda Maternity
and Child Hospital, Jakarta. Samples taken were from
deliveries between 00.00 - 10.00 am.

Procedures

After the mother signed the informed consent form, 10
cm of umbilical cord was cut and put in a 50 ml
tranport medium containing tube. Transport medium
was 200U Penicillin/ 200ug Streptomycin (Gibco
15140-122) and 0.5pug Fungizone (JR Scientific 50701)
containing aMEM (GIBCO 12000-022 1).

Primary cultures were done by multiple harvest
explant method, as described previouly. (Pawitan et al
2014°) Passage-1 to passage-3 were cultured in four
kinds of media, i.e. aMEM, DMEM-LG (GIBCO 31600-
034) and DMEM-HG (Lonza C15-604 F) that were
supplemented by 10% freeze thawed human AB PRP
(Indonesia Red Cross) at -20°C, compared to complete
MesenCult® medium (Stem Cell technologies basal
medium 05401, Stem Cell technologies stimulatory
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05402). All media contained a final concentration of
100U Penicillin/100ug Streptomycin/mL and 0.25 pug
Fungizone/mL. A final concentration of 2U/ml heparin
(Inviclot) and 1% L-Glutamine (Lonza 17-605C) were
added in PRP containing media. For all cultures,
seeding was around 20,000 cells in triplicate in twelve
well culture plate (Biolite). After seeding, the plates
were incubated in 37°C with 5% CO, Media was
changed every 2-3 days untill the cultures were 70-80%
confluent, and harvested. Cell yields from every culture
were counted and population doubling times (PDTs)
were calculated. One sample from P-1 and P-3 of each
medium was analyzed by flow cytometry for the
percentage of CD34, CD73 and CD90. Further, one
sample from P-3 of each medium was checked for
differentiation capacity into chondrogenic (prolonged
culture in 10% PRP containing DMEM-HG), (Pawitan et
al 2014%) adipogenic (Stem Cell Kits SC 006) and
osteogenic lineage (Stem Cell Kits SC 006).

Data analysis

Data collected were PDT and percentage of CD34,
CD73 and CD90 of P-1 to P-3, and differentiation data
of P-3 in the four kinds of media. The data of PDT were
tabulated, and PDT of P-1 to P-3 of the four kinds of
media were compared by one way ANOVA, when the
data were appropriate, or by Kruskal wallis test, when
the data did not follow a normal distribution, or not
homogenous. When ANOVA or Kruskal Wallis test
showed significant difference in the PDT between the
four kinds of media, posthoc analysis using Mann-
Whitney test was done.

Percentages of CD34, CD73 and CD90 of P-1 and P-3 in
the four kinds of media were presented in Tables, and
data of differentiation capacities were presented
descriptively.

RESULTS

We got five samples of umbilical cords. Mean PDT of
P1-P3 in the four media can be seen in Table 1, and
posthoc analysis of the difference between media can
be seen in Table 2. Longest PDT occured in DMEM HG-
PRP.

Results of flow cytometric analysis of P-1 and P-3 in the
four kinds of media can be seen in Figure 1-3. In all
media, P-1 showed CD90 percentage of more than
70%, which was increased to 80% in P-3, except for
DMEM HG-PRP (50%). Percentage of CD73 was rather
low for MSC, except that was cultured in a commercial
medium special for MSCs (MesenCult®). Further, P-3
cells from the four kinds of media showed
differentiation capacity into adipogenic, chondrogenic
and osteogenic lineage. However, the lipid droplets in
adipogenic differentiation in this study were smaller
compared to those from lipoaspirate derived MSCs in
our previous study. (Suryani et al 2013; Pawitan et al
2014°).
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PDT = population doubling time, DMEM= Dulbecco’s modified Eagle’s medium, HG= high glucose, LG= low glu-
cose, PRP= platelet rich plasma 10%, aMEM= a minimal essential medium, P-1= passage 1, P-2= passage 2, P-
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Table 1: Mean of PDT in P1 to P3 in various media

Passage | DMEM HG-PRP | DMEM LG-PRP | aMEM PRP | Mesencult®
P-1 3.5¢1.7 2.3+1.0 2.610.8 3.0+1.6
P-2 3.8+2.0 2.4+0.6 2.0+0.8 2.4+0.7
P-3 2.3+1.2 2.4+1.6 2.3+1.7 2.3+1.4

Mean 3.2+1.6 24+1.1 2.3+1.1 2.6%1.2

3= passage 3.
Table 2: Posthoc analysis of PDT in P1-P3 in various media
Medium DMEM HG-PRP | DMEM LG-PRP | aMEM PRP | MesenCult®

P1 DMEM HG -PRP - 0.064 0.268 0.407
P1 DMEM LG-PRP 0.064 - 0.410 0.307

P1 aMEM PRP 0.268 0.410 - 0.810

P1 MesenCult® 0,407 0.307 0.810 --
P2 DMEM HG- PRP - 0.060 0.000* 0.029*
P2 DMEM LG-PRP 0.060 - 0.045%* 0.717

P2 aMEM PRP 0.000* 0.045* - 0.110

P2 MesenCult® 0.029* 0.717 0.110 -
P3 DMEM HG-PRP - 0.918 0.533 0.932
P3 DMEM LG-PRP 0.918 - 0.623 0.988

P3 aMEM PRP 0.533 0.632 - 0.621

P3 MesenCult® 0.932 0.988 0.621 -

PDT = population doubling time, DMEM= Dulbecco’s modified Eagle’s medium, HG= high glucose, LG= low glu-
cose, PRP= platelet rich plasma 10%, aMEM= a minimal essential medium, P-1= passage 1, P-2= passage 2, P-

3= passage 3.
120%
100%
— « DMEM LG-PRP
o 80%
EP DMEM HG-PRP
o
g 00% SN e, aMEM-PRP
LY
o 40% - = MesenCult®
20%
0%
P1 P3
Figure 1: Percentage of CD90 in P-1 and P-3 in various media
Discussions supplemented DMEM-HG with DMEM-LG that contains

Our previous study showed that adipose tissue derived
mesenchymal stem cells performed well in 10% PRP
supplemented DMEM-HG in term of PDT, but
MesenCult® tend to cause senesence that was showed
by increase in cell size with passaging. (Suryani et al
2013) DMEM-HG was used in several studies, (Suryani
et al 2013; Ayatollahi et al 2012; Pawitan et al 2011)
and was shown to cause lost of proliferation capacity
between P-5 and P-7 in bone marrow MSCs, (Ayatollahi
et al 2012) and spontaneous differentiation in a small
percentage of the cells in adipose derived stem cells.
(Pawitan et al 2011) Moreover, a study showed that
culture in DMEM-HG tended to cause senesence.
(Stolzing et al 2006) Therefore, we compared 10% PRP
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less glucose, and aMEM. aMEM contains less essential
amino acids and vitamins compared to DMEM. (Sigma-
Aldrich?; Sigma-Aldrich®) Further, we also compared
the three PRP supplemented medium with MesenCult®
that should be suplemented with an FBS derivate
containing supplement. MesenCult® is a commercial
medium that is special for MSC growth.

Population doubling time

Overall, the lowest PDT was achieved by aMEM-PRP,
and PDT in DMEM LG-PRP and oMEM PRP was
comparable to those of MesenCult®. Further, P-1 and
P-2 cells that were cultured in PRP supplemented
DMEM HG-PRP showed the highest PDT compared to
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Figure 2: Percentage of CD73 in P-1 and P-3 in various media
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Figure 3: Percentage of CD34 in P-1 and P-3 in various media

those in DMEM LG-PRP and aMEM-PRP (Table 1),
though the PDT difference in P-1 was not significant
statistically (Table 2). High glucose was shown to cause
senescence, which may interfere with proliferation
capacity, thus reduced proliferation, (Stolzing et al
2006) which was corroborated by our study. Morover,
high glucose increased apoptosis. (Saki et al 2013)
However, a study showed that high glucose did not
impair proliferation in MSC, and favor differentiation
into osteogenic lineage. (Li et al 2007) In addition,
another study showed that aMEM—-10% FBS tended to
cause more senescence and  spontaneous
differentiation into adipocytes compared to DMEM LG-
10% FBS, (Lee et al 2010) which is the opposite to our
study that showed the lowest PDT occured in aMEM-
PRP. This difference might be due to different
supplement, which was PRP in our study, while FBS
was used in Li et al and Lee et al study. (Li et al 2007;
Lee et al 2010)

Moreover, the cells that were cultured came from
umbilical cord explant culture, which might contain
myriads of stem cells and progenitors in various stages
of differentiation. Umbilical cord contains various kinds
of stem cells from various comparments, e.g.

intervascular Wharton’s jelly MSCs, epithelial stem
cells, cord lining/sub amnion (CLEC-muc) stem cells,
(Reza et al 2011) and perivascular stem cells. (Troyer &
Weiss 2008; Jeschke et al 2011) The various kinds of
media used in this study might favor a certain kind of
those cells, while causing differentiation or senescence
of other cells.

Flow cytometric analysis and differentiation capacity

Features of CD expressions in P-1 suggest that the
umbilical cord derived stem cells obtained from
multiple harvest explant culture were not homogenous
for MSCs. However, MSCs tended to become more
homogenous with passages, especially for cells that
were cultured in MesenCult®, which is a special
commercial medium for the expansion of MSCs,
followed by those cultured in aMEM-PRP. This facts
were showed by the increase in CD 90 and CD 73, and
decrease in CD 34 in P-3 (Figure 1-3).

Percentage of CD90 in P-3 from aMEM-PRP and
MesenCult® were both above 90% that showed a
typical feature of MSCs. However, the percentage of
CD73 even in P-3 in MesenCult® did not meet the
consensus criteria of MSCs that was published by

Dominici et al (2006), which was a criteria intended for
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bone marrow derived MSCs. (Dominici et al 2006)
Lower level of CD73 compared to the concensus level
was also found by Hao et al (2013). (Hao et al 2013) In
this study, percentages of CD34 were variable and was
high in aMEM-PRP, which was around 18%. However,
the percentage tended to decrease with passaging,
except culture in DMEM LG-PRP, which favored for
CD34 (Figure 3). The presence of CD34 might come
from umbilical cord blood (Eggermann et al 2003) that
was still present inside the capillaries in umbilical cord
tissue. In addition, CD34 was also found in early
passages of lipoaspirate derived MSCs, which derived
from the perivascular fraction. (Mitchel et al 2006)
Therefore, the criteria of MSCs might need a new
concensus, which can accomodate the various tissue
derived MSCs that might show subtle differences in
their CD expressions. Moreover, culture medium might
also interfere with cell phenotype, (Pombinho et al
2004) and thus the expression of CD molecules.

Overall, the medium that most favor the growth of
MSCs according to the consensus (Dominici et al 2006
was MesenCult®, followed by aMEM-PRP. However,
recent opinions suggested that the presence of CD34
might be favorable for regenerative medicine, as CD34
might represent various kinds of progenitors, (Sidney
et al 2014) including endothelial progenitors, (Egger-
mann et al 2003; Peichev et al 2000) which is
important for angiogenesis that is needed in tissue
repair.

In this study, differentiation analysis showed that P-3 in
the four kinds of media showed differentiation capacity
into adipogenic, chondrogenic, and osteogenic lineage,
which revealed that the stem cells that were obtained
from multiple hervest explant method were
mesenchymal stem cells, though the lipid droplets
were smaller than those of adipose derived MSCs.
(Suryani et al 2013; Pawitan et al 2014b) This finding
was in line with Karahuseyinoglu et al’s result, which
found that the umbilical cord MSCs were only able to
be differentiated into immature adipocytes. (Kara-
huseyinoglu et al 2007)

Therefore, based on some findings that umbilical cord
derived MSCs do not strictly match the consensus CD
criteria, we can consider the stem cells that were
grown in PRP containing aMEM as MSCs that are
suitable for regenerative medicine.

CONCLUSION

The best propagation performance of passage 1-3
cultures was achieved by PRP containing aMEM.

ACKNOWLEDGEMENT

This study was funded by the grant from the research
grant from Indonesian Ministry of Education and Cul-
ture (Pusnas 2014), contract number:
2218/H2.R12/HKP.05.00/2014. We are greatly indebt-
ed to the residents, doctors, and paramedical staff of
Department of Obstetrics and Gynecology, Cipto

Ecie Budiyanti et al., (2015) Int. J. Res. Pharm. Sci., 6(1), 7-13

Mangunkusumo Hospital and Bunda Maternal and
Child Hospital, Jakarta, who helped in taking the sam-
ples, and the patients, who donated the umbilical cord
samples.

REFERENCES

Ayatollahi, M., Salmani, M.K., Geramizadeh, B., Tabei,
S.Z., Soleimani, M. & Sanati, M.H. ‘Conditions to
improve expansion of human mesenchymal stem
cells based on rat samples’, World J Stem Cells, vol.
4, no.1, January, 2012 pp.1-8.

Dominici, M., le Blanc, K.L., Mueller, I., Cortenbach, I.S.,
Marini, F.C., Krause, D.S., Deans, R.J., Keating, A.,
Prockop, D.J. & Horwitz, E.M. ‘Minimal criteria for
defining multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position
statement’, Cytotherapy, vol. 8, no. 4, 2006 pp. 315-
317.

Eggermann, J., Kliche, S., Jarmy, G., Hoffmann, K.,
Mayr-Beyrle, U., Debatin, K.M., Waltenberger, J. &
Beltinger, C. ‘Endothelial progenitor cell culture and
differentiation in vitro: a methodological comparison
using human umbilical cord blood’, Cardiovasc Res,
vol.58, no. 2, May, 2003 pp. 478-486.

Hao, H., Chen, G, Liu, J., Ti, D., Zhao, Y., Xu, S., Fu, X. &
Han, W. ‘Culturing on Wharton's jelly extract delays
mesenchymal stem cell senescence through p53 and
p16INK4a/pRb pathways’, PLoS One, vol. 8, no. 3,
March, 2013 pp. e58314.

Jeschke, M.G., Gauglitz, G.G., Phan, T.T., Herndon, D.N.
& Kita, K. ‘Umbilical cord lining membrane and
Wharton'’s jelly-derived mesenchymal stem cells: the
similarities and differences’, The Open Tissue Engi-
neering and Regenerative Medicine Journal, vol. 4,
January, 2011 pp. 21-27.

Karahuseyinoglu, S., Cinar, O., Kilic, E., Kara, F., Akay,
G.G., Demiralp, D.O., Tukun, A., Uckan, D. & Can, A.
‘Biology of stem cells in human umbilical cord
stroma: in situ and in vitro surveys’, Stem Cells, vol.
25, no. 2, February, 2007 pp. 319-331.

Kocaoemer,. A, Kern S., Kluter, H. & Bieback, K. ‘Human
AB serum and thrombin-activated platelet-rich
plasma are suitable alternatives to fetal calf serum
for the expansion of mesenchymal stem cells from
adipose tissue’, Stem Cells, vol. 25, no. 5, May, 2007
pp.1270-1278.

Lee, S.H., Sohn, Y.S., Choi, Y.W., Park, N.H., & Yoon H.J.
‘Culture of mesenchymal stromal cells from dental
pulp: culture medium study for effective for effective
expansion and characterization’, Tissue Engineering
and Regenerative Medicine, vol. 7, no. 2, March,
2010 pp. 248-254.

Li, T.X., Yuan, J., Chen, Y., Pan, L.J., Song, C,, Bi, L.J. &
Jiao, X.H. ‘Differentiation of mesenchymal stem cells
from human umbilical cord tissue into odontoblast-

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 11



like cells using the conditioned medium of tooth
germ cells in vitro’, Biomed Res Int, vol.2013, May,
2013 pp. 218543.

Li, Y.M., Schilling, T., Benisch, P., Zeck, S., Meissner-
Weigl, J., Schneider, D., Limbert, C., Seufert, J,,
Kassem, M., Schutze, N., Jakob, F. & Ebert, R. ‘Effects
of high glucose on mesenchymal stem cell prolifera-
tion and differentiation’, Biochem Biophys Res
Commun, vol. 363, no.1, November, 2007 pp. 209-
215.

Maslova, 0.0., Shuvalova, N.S., Sukhorada, O.M.,
Zhukova, S.M., Deryabina, 0.G., Makarenko, M.V.,
Govseiev, D.0. & Kordium, V.A. ‘Heterogeneity of
umbilical cords as a source for mesenchymal stem
cells’, Dataset Papers in Biology, vol. 2013, 2013
pp.370103.

Mitchel, J.B., Mcintosh, K., Zvonic, S., Garrett, S., Floyd,
Z.E., Kloster, A., Halvorsen, Y.D., Storms, R.W., Goh,
B., Kilroy, G., Wu, X. & Gimble, J.M. ‘Immunopheno-
type of human adipose-derived cells: temporal
changes in stromal-associated and stem cell-
associated markers’, Stem Cells, vol. 24, no. 2,
February, 2006 pp. 376—385.

Pawitan, J.A. ‘Platelet rich plasma in xeno-Free stem
cell culture: the impact of platelet count and
processing method’, Curr Stem Cell Res Ther, vol. 7,
no. 5, September, 2012 pp. 329-335.

Pawitan, J.A., Budiyanti, E., Bustami, A., Sumapradja,
K.& Liem, I.K. ‘Comparison of FBS and FBS substitute
containing media in umbilical cord blood stem cell
cultures: A preliminary study’, Biochemistry: An
Indian Journal, vol. 7, no. 1, 2013 pp. 1-5.

Pawitan, J.A., Damayanti, L., Bustami, A. & Swantari,
N.M. ‘Detection of morphological changes in adipose
tissue derived stem cells after passage by the simple
spot method’, J US-China med Sci, vol. 8, no. 2,
February, 2011 pp. 92-98.

Pawitan, J.A., Liem, LK., Budiyanti, E., Fasha, I,
Feroniasanti, L., Jamaan, T. & Sumapradja, K.
‘Umbilical cord derived stem cell culture: multiple-
harvest explant method’, International Journal of
PharmTech Research, vol. 6, no. 4, August-
September, 2014° pp. 1202-1208.

Pawitan, J.A., Suryani, D., Wulandari, D., Damayanti, L.,
Liem, I.LK. & Purwoko, R.Y. ‘Prolonged culture in FBS
and FBS-substitue containing media: Spontaneous
chondrogenic differentiation of adipose tissue
derived mesenchymal stem cells’, International
Journal of PharmTech Research, vol. 6 , no. 1,
January-March, 2014° pp.224-235.

Peichev, M., Naiyer, A.J., Pereira, D., Zhu, Z., Lane, W.J.,
Williams, M., Oz, M.C., Hicklin, D.J., Witte, L., Moore,
M.A., Rafii, S. ‘Expression of VEGFR-2 and AC133 by
circulating human CD34(+) cells identifies a

Ecie Budiyanti et al., (2015) Int. J. Res. Pharm. Sci., 6(1), 7-13

population of functional endothelial precursors’,
Blood, vol. 95, no.3, February, 2000 pp. 952-958.

Pombinho, A.R., Laizé, V., Molha, D.M., Marques, S.M.,
Cancela, M.L. ‘Development of two bone-derived cell
lines from the marine teleost Sparus aurata;
evidence for extracellular matrix mineralization and
cell-type-specific expression of matrix Gla protein
and osteocalcin’, Cell Tissue Res, vol. 315, no. 3,
March, 2004 pp. 393-406.

Reza, H.M., Ng, B.Y., Phan, T.T., Tan, D.T., Beuerman,
R.W., Ang, L.P. ‘Characterization of a novel umbilical
cord lining cell with CD227 positivity and unique
pattern of P63 expression and function’ Stem Cell
Rev, vol. 7, no. 3, September, 2011 pp. 624-638.

Saki, N., Jalalifar, M.A., Soleimani, M., Hajizamani, S. &
Rahim, F. Adverse effect of high glucose
concentration on stem cell therapy. Int J Hematol
Oncol Stem Cell Res, vol. 7, no. 3, July, 2013 pp.34-
40.

Secco, M., Zucconi, E., Vieira, N.M., Fogaca, L.L,
Cerqueira, A., Carvalho, M.D., Jazedje, T., Okamoto,
0O.K., Muotri, A.R., Zatz, M. ‘Mesenchymal stem cells
from umbilical cord: do not discard the cord!,
Neuromuscul Disord, vol.18, no. 1, January, 2008 pp.
17-18.

Sidney, L.E., Branch, M.)., Dunphy, S.E., Dua, H.S,,
Hopkinson, A. ‘Concise review: Evidence for CD34 as
a common marker for diverse progenitors’, Stem
Cells, February, 2014 [Epub ahead of print].

Sigma-Aldrich 2. Dulbecco’s modified Eagle’s medium.
http://www.sigmaaldrich.com/content/dam/sigma-
aldrich/docs/Sigma/Datasheet/3/d5280dat.pdf

Sigma-Aldrich ®. Minimum essential medium Eagle
(MEM) Alpha modifications.
http://www.sigmaaldrich.com/content/dam/sigma-
aldrich/docs/Sigma/Formulation/m0894for.pdf

Spees, J.L., Gregory, C.A., Singh, H., Tucker, A., Peister,
A., Lynch, P.J., Hsu, S.C., Smith, J. & Prockop, D.J.
‘Internalized antigens must be removed to prepare
hypoimmunogenic mesenchymal stem cells for cell
and gene therapy’, Molecular Therapy, vol. 9, no. 5,
May, 2004 pp. 747-756.

Stolzing, A., Coleman, N., Scutt, A. ‘Glucose-induced
replicative senescence in mesenchymal stem cells’,
Rejuvenation Res, vol. 9, no. 1, Spring, 2006 pp. 31-
35.

Suryani, D., Pawitan, J.A., Lilianty, J., Purwoko, R.Y,,
Liem, I.K. & Damayanti, L. ‘Comparison of fetal
bovine serum and platelet-rich plasma on human
lipoaspirate-derived  mesenchymal stem  cell
proliferation’, Medical Journal of Indonesia, vol. 22,
no. 3, August, 2013 pp. 146-151.

Troyer, D.L., Weiss, M.L. ‘Concise review: Wharton’s
jelly derived cells are primitive stromal cell

12 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences


http://www.sigmaaldrich.com/content/dam/sigma-
http://www.sigmaaldrich.com/content/dam/sigma-

Ecie Budiyanti et al., (2015) Int. J. Res. Pharm. Sci., 6(1), 7-13

population’, Stem Cells, vol. 26, no. 3, March, 2008
pp. 591-599.

Vogel, J.P., Szalay, K., Geiger, F., Kramer, M., Richter,
W. & Kasten, P. ‘Platelet rich plasma improves
expansion of human mesenchymal stem cells and
retains differentiation capacity and in vivo bone
formation in calcium phosphate ceramics’, Platelets,
vol. 17, no. 7, November, 2006 pp. 462-469.

Weiss, M.L., Medicetty, S., Bledsoe, A.R., Rachakatla,
R.S., Choi, M., Merchav, S., Luo, Y., Rao, M.S,,
Velagaleti, G. & Troyer, D. ‘Human umbilical cord
matrix stem cells: preliminary characterization and
effect of transplantation in a rodent model of
Parkinson's disease’, Stem Cells, vol. 24, no. 3,
March, 2006 pp. 781-792.

Yoon, J.H., Roh, E.Y.,, Shin, S., Jung, N.H., Song, E.Y,,
Chang, J.Y., Kim, B.J. & Jeon, H.W. ‘Comparison of
explant-derived and enzymatic digestion-derived
MSCs and the growth factors from Wharton's jelly’,
Biomed Res Int, vol. 2013, April, 2013 pp. 428726.

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences

13



