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Characterization of Fetal Tissue-derived Mesenchymal Stem Cells
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Mesenchymal stem cells (MSCs) have unique immunologic properties that may someday prove useful in cell-based
therapy for various degenerative diseases. Its potential is limited, however, by several factors, including the rarity of
these cells and difficulty in isolating them. To evaluate their potential as new sources for cell therapy, we isolated
MSCs from human fetal tissue (hfMSC) derived from spontaneous abortus (8§ ~10 weeks) then studied their cell cycle
and cell surface marker expression using a fluorescence-activated cell sorter (FACS), as well as the expression of differ-
entiation markers using real-time polymerase chain reaction (RT-PCR). The hfMSCs were able to undergo PCR up
to 20 times without displaying significant changes in morphology or expression of various stemness markers (Nanog
and human telomerase reverse transcriptase [hAFP]), including germ layer markers (hNF68, alpha-cardiac actin, and
hAFP). Also, teratomas were not seen in mice with severe combined immunodeficiency syndrome (SCID) that received
a transplantation of hfMSCs with hTERT activity. The FACS analysis revealed that the majority of hfMSCs express
mesenchymal markers CD13, CD44, CD71, CD90, CD105, CD253a, and HLA-ABC, but did not express CD31, CD34,
CD38, CD45, and HLA-DR. Interestingly, hfMSCs derived from the cell membrane during early passages were negative
for both HLA-ABC and HLA-DR, although HLA-ABC expression was detected during later passages (>20 passages).
We found that hfMSCs could be differentiated into an osteogenic lineage; this was indicated by modulation of osteoblast
markers specific for mRNA. We conclude that hfMSCs could be used as a new source of cells to treat patients with

osteogenic diseases, as well as to understand the mechanisms of immunosuppression by MSCs.
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Introduction

Mesenchymal stem cells (MSCs) derived from various
adult and fetal tissues have emerged as promising sources
of cells with therapeutic effects achieved through tissue re-
generation and repair (1, 2). MSCs derived from adult
bone marrow (a representative source of stem cells) re-
portedly have therapeutic effects in several degenerative
diseases, as well as a potential for multilineage differ-
entiation (2, 3). They possess unique immunologic proper-
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ties that may prove to be advantageous in immune-medi-
ated disease (4, 5). Unfortunately, MSCs are relatively rare
and are difficult to isolate from adult tissues (including
bone marrow). If they are to be used to develop cell-based
therapies in the future, several obstacles must be over-
come, including the following: 1) the small number of
MSCs available in bone marrow after it has been collected
from donors; 2) age-dependent differences in differ-
entiation capacity; 3) current trends in limiting MSCs to
autologus use; and 4) a limited number of bone marrow
donors (6). MSCs can be isolated from tissues other than
adult bone marrow, including adipose tissue, umbilical
cord blood, amnionic fluid, and fetal tissues. Differences
in differentiation potential among these tissues can influ-
ence the specific lineage that can be induced in each type
of cell (1, 7-9).

Researchers have been investigating the clinical poten-
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tial of fetal tissue-derived MSCs for several years (2, 7).
Until recently, little as known about the characteristics of
fetal tissues-derived MSCs. Researchers have identified sev-
eral potential advantages to these cells in immunological
disorders by demonstrating their ability to consistently ex-
press human leukocyte antigens (HLA), including HLA-
ABC (HLA class I), HLA-G, and HLA-E in long-term cul-
tures. HLA-DR (HLA class II) is also expressed when these
cells are exposed to interferon (IFN)-7» (10, 11). Additio-
nally, Zhang et al recently reported that MSCs derived
from fetal tissue is superior to that derived from adult tis-
sues in terms of osteogenic capacity (12).

In this study, we attempted to isolate and characterize
MSCs derived from tissue in the fetal membrane and fetal
yolk sac to determine whether they can be established as
new sources of therapeutic cells.

Materials and Methods

Isolation of human fetal tissues-derived mesenchymal
stem cells (hfMSCs)

We collected human fetuses 8 to 10 weeks following ther-
apeutic abortion. Each woman provided written, informed
consent before the fetuses were collected. The fetal mem-
brane and yolk sac were extracted, washed with culture
medium (Bulbecco modified Eagle medium [DMEM]
/F12, low glucose, 10% fetal bovine serum [FBS], 100
U/ml penicillin, and 100 /£g/ml streptomycin), and min-
ced. The processed tissue was exposed to trypsin/EDTA
(0.25% and 0.5 mM, respectively) for 20 minutes at 37°C

to liberate individual cells. After centrifugation at 800X
g for 20 minutes, isolated cells were collected and cultured
at 37°C until significant growth was observed.

Reverse transcription polymerase chain reaction
(RT-PCR) analysis 7

The total RNA was extracted using an RNeasy® Plus
Mini-Kit (Qiagen Korea, Ltd., Seoul, South Korea).
Reverse transcription was carried out using Superscript I
(Invitrogen; Carlsbad, Calif, USA) and oligo-d (T)z pri-
mers at 42°C for 1 h then incubated at 72°C for 15
minutes. The primer sequences are shown in Table 1. The
synthesized template was amplified using h-Taq DNA pol-
ymerase (Solgent; Daejeon, South Korea) under the fol-
lowing conditions: denaturation at 95°C for 3 minutes; fol-
lowed by 35 cycles of denaturation, each at 95°C for 30
seconds; annealing at 53 to 60°C for 45 seconds; and ex-
tension at 72°C for 45 seconds. Annealing temperatures
were modified slightly depending on the primer sequences
used. The products of the polymerase chain reaction
(PCR) were separated on a 1% agarose gel and visualized
by ethidium bromide staining.

Cell cycle analysis

Fluorescence-activated cell sorter (FACS) analysis was
carried out for human fetal tissue mesenchymal stem cells
(hfMSCs; 10° cells) harvested from the culture surface us-
ing trypsin/EDTA. After being harvested, these cells were
fixed in 70% ethanol at room temperature for 10 minutes
and resuspended in 200 «1 of fixative. RNase (0.5 1«g/ml)

Table 1. Sequence of primers used for RT-PCR and length of fragments

Genes Sequences Tm (°C) Size (bp)

Nanog F: 5- TTC TTG ACT GGG ACC TTIG TC-3’ 54 300
R: 5- GCT TGC CTT GCT TTG AAG CA-3’

NF-68 F: 5- GAG TGA AAT GGC ACG ATA CCT A3’ 58 500
R: 5- TTT CCT CTC CTT CIT CIT CAC CIT C-3’

a-CA F: 5- GGA GTT ATG GTG GGT ATG GGT C-3’ 58 500
R: 5- AGT GGT GAC AAA GGA GTA GCC A-3’

hAFP F: 5- AGC TTG GTG GAT GAA AC-3’ 50 200
R: 5- TCC AAC AGG CCT GAG AAA TC-3'

TERT F: 5- GAG CTG ACG TGG AAG ATG AG-3’ 55 300
R: 5- CTT CAA GTG CTG TCT GAT TCC AAT G-3’

OoC F: 5- ATG AGA GCC CTC ACA CTC CTC-3’ 62 293
R: 5- GCC GTA GAA GCG CCG ATA GGC-3’

Col 1 F: 5- CAT CTC AGA AGC AGA ATC TCC-3’ 59 360
R: 5- CCA TAA ACC ACA CTA TCA CCT CG3’

Runx2 F: 5- CCG CAC GAC AAC GCG ACC AT-3’ 55 288
R: 5- CGC TCC GGC CCA CAA ATC TCG3'

B-actin F: 5- TCC TTC TGC ATC CTG TCA GCA-3’ 58 300
R: 5'- CAG GAG ATG GCC ACT GCC GCA-3’




and propidium iodide (5 #g/ml) were added to the cells,
and they were incubated for 30 minutes at 37°C. Treated
cells were analyzed using a BD FACSVantageTM SE Cell
Sorter equipped with Becton and Dickinson ModiFit LT
software (BD Biosciences; San Diego, Calif, USA).

Cell-surface antigens analysis using FACS

To detect cell-surface antigens, we harvested hfMSCs us-
ing 2 mM EDTA/5% FBS in phosphate buffered saline
(PBS). Harvested cells were rinsed and incubated in 2%
FBS/PBS buffer containing either mouse immunoglobulin
G as a reference or predetermined concentrations of fluo-
rescein isothiocyanate (FITC)- or phycoerythrin (PE)-con-
jugated antibodies at 4°C for 30 minutes. Washed samples
were analyzed using a BD FACSVantageTM SE Cell Sorter
(Becton & Dickinson). Before the FACS was carried out,
propidium idodide 5 /£g/ml was added to remove dead
cells and debris. The results were analyzed using Cell-
Quest software (Becton and Dickinson).

Osteogenic differentiation

Osteogenic differentiation of hfMSCs was performed as
described with some modification (13). Once the hfMSC
population reached a density of approximately 5x10°
cells/cm’, we replaced the medium with DMEM contain-
ing 50 #M L-ascorbic acid 2-phosphate, 10 mM glycer-
ophosphate, and 1 #M dexamethasone. The cells remained
in this medium for 14 to 21 days, with the medium being
changed every other day. The total RNA was extracted,
and real-time polymerase chain reaction (RT-PCR) analy-
sis was performed.

TRAP assay

Telomerase activity was measured using a PCR-based
technique with a modified telomerase repeat amplification
protocol (TRAP), which induces highly specific amplifica-
tion of telomerase-mediated elongation products; these can
be visualized with EtBr staining. This assay can be sepa-
rated into 2 major steps: 1) telomerase adds telomeric re-
peats (TTAGGG) to the 3" end of the synthetic P1-TS pri-
mer; and 2) the elongation products are amplified by PCR
using the primers P1-TS and P2 to generate PCR products
with the telomerase-specific 6-nucleotide segments. Unlike
other TRAP assays, the telomerase-PCR assay contains all
the compounds required for the telomerase reaction to
take place and for PCR analysis in a ready-to-use reaction
buffer, thereby combining both reactions to create a
one-step/one-tube reaction. An additional advantage of
this assay over the conventional assay is provided through
the use of optimized primer sequences, which eliminates
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the need for “hot-start” PCR and avoids amplification ar-
tifacts (eg, primer dimmers).

Teratoma formation in NOD/SCID mice

We conducted all animal experimental procedures using
protocols approved by the National Institutes of Health
Guidelines. hfMSC cells (10° cells) were injected into the
testicular capsules of 8-week-old mice with nonobese dia-
betes and severe combined immunodeficiency syndrome
(NOD/SCID) (The Jackson Laboratory, Bar Harbor, Maine,
USA). These mice were sacrificed 12 weeks after the
injection. Their testicular tissue was fixed in 10% neutral
buffered formalin then sectioned and examined histologi-
cally using hematoxylin and eosin (H&E) staining.

Results

Characterization of fetal tissues-derived MSCs
(hfMSCs)

The morphology of hfMSCs isolated from the fetal
membrane (hfMSCs-M) and yolk sac (hfMSCs-Y) were
similar to those of typical mesenchymal stem cells. The
S/G2 phase of the cell cycle (which indicates proliferative
activity) was longer in hfMSCS-M compared with
hfMSCs-Y (Fig. 1A). However, the differentiation marker
nanog and the germ layer markers (including hNF68,
a-CA, AFP, and NF68, and the human TERT gene) were
similarly expressed in hfMSCs from both sources com-
pared to CHA3-embryonic stem cells (Fig. 1B). These re-
sults indicate that hfMSCs have the potential for self-re-
newal and for differentiation into multiple lineages.

To determine whether hfMSCs can induce teratomas,
we transplanted all hfMSCs (including hfMSCs-M and
hfMSCs-Y) into the testicular capsules of 8-week-old
NOD/SCID mice and then examined the tissue after 12
weeks using H&E staining. No teratomas were observed
(Fig. 1C). The fact that hfMSCs have the potential to dif-
ferentiate into the 3 germ layers but do not have the po-
tential to form teratomas suggests a potential for pluor-
ipotency, which would be expected in an embryonic stem
cell.

Expression of surface markers in hfMSCs

To confirm the surface phenotype of hfMSCs, we per-
formed a FACS analysis using various mouse anti-human
antibodies (Fig. 2A, B). The phenotypes of hfMSCs-M and
hfMSCs-Y were similar to those of MSCs derived from
adult bone marrow, ie, the analysis was negative for hema-
topoietic markers (eg, CD31, CD33, CD34, CD45, CD51/
61, and HLA-DR) and positive for nonhematopoietic
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markers (eg, CD13, CD44, CD90, CD105, and HLA-G).
There was no difference in the expression of any of these
markers in hfMSCs (including hfMSCs-M and hfMSCs-Y)
compared with bone-marrow MSCs. However, we did ob-
serve differences in the expression of CD56, CD95, and
CD253a. Interestingly, HLA-ABC expression was not ob-
served in hfMSCs-M; neither was the expression of
HLA-ABC or HLA-DR. However, HLA-ABC expression
was increased in hfMSCs-M in late passages (>20 pas-

sages) (Fig. 2C). This suggests that the expression of the
HLA class could be affected by environmental factors,
such as a long-term culture.

Osteogenic differentiation in hfMISCs

To determine the potential for MSCs to differentiate in-
to osteogenic lineages, we induced osteogenic differentia-
tion in hfMSCs then confirmed it by RT-PCR. Runx2 ex-
pression was strong in these hfMSCs after osteogenic dif-

Fig. 1. Morphology of hfMSCs derived from fetal membranes (hfMSCs-M) and the yolk sac (hfMSCs-Y). hfMSCs were assessed at passage
number 8 to 10. (A) The morphologies of hfMSCs including hfMSCs-M and hfMSCs-Y were similar to the round-spindle shape of mesen-
chymal stem cells (Upper, x100). Cell cycle analysis of hfMSCs showed increased S/G2 phase, indicating proliferative activity (Lower).
(B) RT-PCR analysis for stem cells markers in embryonic stem cells (CHA3-ESC), hfMSCs-Y and hfMSCs-M. (C) Histological analysis for
teratoma formation in the testicular capsules of 8-week-old NOD/SCID mice after hfMSCs transplantation.
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Fig. 2. FACS analysis of expression of surface markers in hfMSCs. Expression of surface makers in hfMSCs-Y (A) and hfMSC-M (B) using
FACS analysis. (C) Expression of HLA-class in hfMSCs-Y (Upper) and hfMSCs-M. HLA-ABC expression was not observed in hfMSCs-M in
early passages (Middle), but HLA-ABC expression was increased in hfMSCs-M in late passages (>20 passages, Lower). The percentages
are indicated together with the fluorescence intensity.
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Fig. 3. Osteogenic differentiation and Telomerase activ-
ity of hfMSCs. (A) RT-PCR analysis of expression of os-
teogenic specific genes in hfMSCS after osteogenic
differentiation. M: marker; lane 1: embryonic stem cells
(CHA3, positive control); lane 2: after osteogenic differ-
entiation of hfMSCs-Y; lane 3: after osteogenic differ-
entiation of hfMSCs-M. (B) The Telomerase activity in
hfMSCs and Bone marrow-derived MSCs (BM-MSCs).



ferentiation, but osteocalcin (OC) (a marker of mature os-
teocytes) was only expressed weakly in the hfMSCs after
osteogenic differentiation compared with CHA3-ESC (an
embryonic stem cell). Coll A2 expression was similar to
that of embryonic stem cells, even in the absence of osteo-
genic differentiation (Fig. 3A). These results suggest that
hfMSCs have the potential to differentiate into osteogenic
lineages.

Telomerase activity in hfMSCs

The Telomerase activity in embryonic stem cells is
strong, otherwise, that of bone marrow-derived mesen-
chymal stem cells known to express weakly. To analyze
telomerase activity in hfMSCs, we performed a TRAP as-
say in hfMSCs and bone marrow MSCs. The Telomerase
activity observed in both hfMSCs-M and hfMSCs-Y was
comparable to that seen in bone-marrow MSCs. However,
the telomerase activity in hfMSCs-Y was strong than in
the other stem cells (Fig. 3B). These results suggest that
hfMSCs have a potential for proliferation more than bone
marrow-derived mesenchymal stem cells.

Discussion

In the present study, we characterized hfMSCs derived
from fetal membranes (hfMSCs-M) and the yolk sac
(hfMSCs-Y). These cells are similar to those of MSCs iso-
lated from other types of tissue (eg, bone marrow, adipose
tissue, umbilical cord blood, amnionic fluid, and other fe-
tal tissues) but, as reported in previous MSC studies, the
hfMSCs demonstrated characteristics that are unique to
their source tissue (7, 9, 13). Thus, although both types
of tissue are fetal in origin, we found some differences be-
tween them, particularly in terms of the patterns of ex-
pression for surface markers and HLA-ABC.

In cell-based therapy, there is a risk that the stem cells
transplanted into damaged tissue in the host will induce
an immune response (14-16). For this reason, the rate for
the expansion and the survival of grafted stem cells are
limited. Therefore, it is important for hfMSCs to be able
to provide advantages that can protect against immune re-
jection and the need for further engraftment while offer-
ing therapeutic advantages before pathology sets in (4).
This immune advantage is associated with the patterns of
human leukocyte antigens (HLA) expression patterns on
the surface of transplanted cells. Undifferentiated MSCs
express HLA class I (HLA-DR), but not HLA class II
(HLA-ABC) (17). HLA-DR may function as an immuno-
modulator to promote tolerance of the transplanted cells
in the recipient, given that it can attack natural killer
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(NK) cells exhibit in recipient (14, 15). Short-term co-cul-
turing with MSCs reduces NK-cell cytotoxicity against
HLA-DR-positive tumor cells but not against HLA-DR-
negative cells. These observations suggest that MSCs have
an inhibitory effect on NK-cell cytotoxicity against HLA-
DR-positive cells, making them less susceptible to NK-
mediated lysis than HLA-DR-negative cells (15-17). HLA-
ABC expression is also induced in undifferentiated MSCs
exposed to IFN-7; however, IFN- 7 -induced HLA- ABC
cannot stimulate T cells (4, 11, 18), Still, all of these ex-
pression patterns may be involved in modulating the im-
mune system in the tissue host.

We found that hfMSCs-Y express high levels of HLA
class II (HLA-ABC) antigen; otherwise, extremely low lev-
els of HLA class I (HLA-DR) antigen. We also found that
hfMSCs express HLA-G antigen. These expression pat-
terns could also be involved in modulating the immune
system in the tissue recipient. However, hfMSCs-M ex-
pression of HLA-ABC was low during early passages but
high with more than 20 passages (Fig. 1). This finding in-
dicates that the characteristics of MSCs could vary with
the age of the MSC. Therefore, it is important to obtain
MSCs at their earliest stages of development.

The hfMSCs have been known to increase engraftment
and have great potential for proliferation and osteogenesis
(12, 19). hfMSCs proliferation involves the expansion and
the function of transplanted stem cells (20). This pro-
liferative capacity is associated with the expression of hu-
man telomerase reverse transcriptase (W\TERT). Aggressive
hTERT expression also induces teratoma formation (as
seen with embryonic stem cells) and hfMSC proliferation
(21). We found that hTERT activity in hfMSCs--including
hfMSCs-M and hfMSCs-Y--is greater than in bone-mar-
row MSCs but does not induce the formation of teratomas
(Fig. 3). These advantages suggest indirectly that hfMSCs
could be used as a cell source for cell-based therapy.

We conclude that the various hfMSCs we characterized
in this study could serve as models for understanding im-
munosuppressive mechanisms of MSCs. However, it is
necessary to evaluate the characteristics of hfMSCs de-
rived from each type of fetal tissue to be sure that they
are highly efficient at immunosuppression.
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