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Mesenchymal stem cells (MSCs) have been widely used in
allogeneic stem cell transplantation. We compared im-
munologic and hematopoietic characteristics of MSCs
derived from whole human umbilical cord (UC), as well as
from different sections of UCs, including the amniotic
membrane (AM), Wharton’s jelly (WJ), and umbilical
vessel (UV). Cell phenotypes were examined by flow
cytometry. Lymphocyte transformation test and mixed
lymphocyte reaction were performed to evaluate the
immuno-modulatory activity of MSCs derived from UCs.
The mRNA expression of cytokines was detected by real-
time polymerase chain reaction. Hematopoietic function
was studied by co-culturing MSCs with CD34™ cells iso-
lated from cord blood. Our results showed that MSCs
separated from these four different sections including UC,
WJ, UV, and AM had similar biological characteristics. All
of the MSCs had multi-lineage differentiation ability and
were able to differentiate into osteoblasts, adipocytes, and
chondrocytes. The MSCs also inhibited the proliferation of
allogeneic T cells in a dose-dependent manner. The relative
mRNA expression of cytokines was examined, and the
results showed that UCMSCs had higher interleukin-6
(IL6), IL11, stem cell factor, and FLT3 expression than
MSCs derived from specific sections of UCs. CD34™ cells
had high propagation efficiencies when co-cultured with
MSCs derived from different sections of UCs, among
which UCMSCs are the most efficient feeding layer. Our
study demonstrated that MSCs could be isolated from
whole UC or specific sections of UC with similar immuno-
modulation and hematopoiesis supporting characteristics.
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Introduction

Mesenchymal stem cells (MSCs) are derived from the meso-
derm early in development and widely exist in a variety of
tissues and organs. MSCs have great therapeutic potential
with a high degree of self-renewal and multi-lineage dif-
ferentiation ability [1]. In addition, a large number of stud-
ies have shown that MSCs have low immunogenicity and
multi-lineage differentiation ability, as well as immuno-
modulatory functions [2]. Since MSCs are relatively easy to
be isolated and cultured in vitro, they are widely used in
clinic to treat self-repair related and other intractable dis-
eases, including spinal cord injury, cerebral palsy, amyo-
trophic lateral sclerosis, myocardial infarction, diabetes, and
cirrhosis of the liver [3—6].

As immunomodulators and hematopoietic supporting cells,
MSCs express specific antigens, including CD44 (transparent
lipid salt receptor), CD73 (SH-3, 4), CD90 (Thy-1), CD105
(SH-2/endoglin), CD166 (ALCAM), and HLA-ABC. They
also have weak expression of CD106 (VCAM-1) and TRA-1-
60 (embryonic stem cell marker) [7]. In addition, MSCs do not
express CD14 (monocyte and macrophage marker), CD31
(endothelial cell marker), CD34 (hematopoietic and endothe-
lial cell marker), and CD45 (white cell marker), nor do they
express CD80, CD86, CD40, and CD40L, which are
co-stimulatory molecules required in the activation of effect T
cells. Due to the lack of HLA class II antigen, MSCs can
escape immune recognition by CD4" T cells [8], and thus
MSCs are potential candidates in treating immune rejection
and autoimmune diseases such as systemic lupus erythema-
tous, systemic sclerosis, and Crohn’s disease [9—12].

MSCs were first discovered in bone marrow, but the
number of MSCs is extremely small. In addition, isolation of
MSCs from bone marrow has a high susceptibility of viral
contamination. Moreover, the cell number and capacity of
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proliferation and differentiation are significantly reduced
with increasing age [13]. Recently, many studies have shown
that the umbilical cord (UC) contains large amount of
MSCs, which are highly proliferative [14]. Therefore, MSCs
derived from UC may be a potential alternative for MSCs
derived from bone marrow.

The human UC is about 40 g in weight, 60—65 cm in
length and 1.5 cm in diameter [15,16], and it is covered by a
monolayer or multilayer of umbilical epithelial cells. In add-
ition, the UC is supplied by two arteries and one vein, and
is surrounded by mucous connective tissue [17,18].
Researchers have isolated MSCs from whole UC [19],
Wharton’s jelly (WJ) [20], human umbilical vein endothe-
lium [21], and placental amnion [22]. W] is rich in hyaluron-
ic acid, glycos-aminoglycans (GAGs), and collagen. These
are also found in cartilage extracellular matrix; thus, WJ may
be potentially used in cartilage tissue engineering [23]. In
contrast, cells from UC vein are more inclined to differenti-
ate into epithelial cells, and may be more suitable for tissue
engineering of heart valves [24]. Fine structural, immunohis-
tochemical [25—28], and in vitro functional studies [27,29]
suggested that there are significant differences in the number
and nature of cells among subamniotic, intervascular, and
perivascular regions.

In this study, we isolated MSCs from whole UC as well as
three different sections of UCs, and then investigated their
immuno-modulatory activity and hematopoietic supporting
roles. This study provides important evidence for the appli-
cations of MSCs derived from UCs in hematopoietic stem
cell transplantation (HSCT).

Materials and Methods

Ethics statement

Written informed consents for a stem cell-oriented study
were obtained from all of the donors prior to sample collec-
tion, and the study was approved by the independent ethics
committee of Affiliated Hospital of Academy of Military
Medical Sciences (Beijing, China).

Isolation and culture of MSCs derived from different
tissues

UCs (n = 38; gestational ages, 37—40 weeks) were sterilely
collected from the delivery room or the operating theater in
Beijing Armed Police Hospital (Beijing, China). After re-
peated washing with phosphate buffered saline (PBS) to
remove residual blood under sterile conditions, whole UCs
were dissected to the amniotic, WJ, and vascular tissues, and
then shredded into small pieces of ~2 mm’. The tissues
were digested in 0.05% type II collagenase (Sigma, St
Louis, USA) solution at 37°C for 2—3 h. The cell suspension
was collected by filtering through a stainless steel mesh.
After washing twice with PBS, cells were resuspended in

a-MEM (Gibco, Grand Island, USA) containing 10% fetal
bovine serum (FBS; Stemcell, Vancouver, Canada) and then
seeded in 75-cm® culture bottles (Costar, Corning, USA).
Cells were cultured at 37°C in 5% CO, atmosphere for 72 h
with over 95% humidity, and then non-adherent cells were
discarded. Media were changed every 3 to 4 days until cells
were observed by an inverted microscope (Nikon, Tokyo,
Japan) to grow to 80% to 90% confluence. After digestion
with solution containing 0.05% Trypsin and 0.01% EDTA
(Amresco, Solon, USA), cells were passaged at 4000—
6000 cell/cm?®. Fifth-generation cells were collected for
follow-up experiments. Cells were marked as UCMSCs
(from whole UC), WIMSCs (from WIJ), UVMSCs (from
umbilical vessel, UV), and AMMSCs (from amniotic mem-
brane, AM), respectively.

Isolation of peripheral blood CD3™ cells and UC blood
CD34™ cells

Adult peripheral blood samples from healthy donors were
collected from the blood center in Affiliated Hospital of
Academy of Military Medical Sciences. CD3™ T cells were
separated from the peripheral blood by MidiMACS sorting
according to the manufacturer’s protocol (Miltenyi, Bergisch
Gladbach, Germany). The purity of isolated cells was up to
97.87% =+ 1.46% as detected by flow cytometry.

Healthy full-term fetal cord blood samples were sterilely
collected from the delivery room or operating theatre in
Beijing Armed Police Hospital. CD34" hematopoietic stem/
progenitor cells were separated from these blood samples by
MiniMACS sorting. The purity of isolated cells was up to
93.16% + 2.74% as detected by flow cytometry.

Growth curve and cell cycle of cultured MSCs

MSCs derived from different tissues of UCs were cultured
in vitro to the exponential growing phase and collected for
further experiments. After trypsin digestion, cells were pre-
pared as single cell suspensions at 1 x 10*cells/ml and
seeded onto 24-well plates (Costar) with 1 ml per well. Cells
were collected and counted in triplicates everyday for 8 days,
and then a cell growth curve was plotted.

For cell cycle detection, 1 x 10° MSCs in the exponential
growing phase were collected. After washing twice with
PBS, cells were fixed in cold 70% ethanol at 4°C for 24 h.
Then 50 pg/ml RNase A (Sigma) were added, and the cells
were incubated at 37°C for 30 min, followed by the addition
of 50 wg/ml propidium iodide (PI; Amresco) and a 30-min
incubation at 4°C in the dark. Cell cycle was detected by flow
cytometry. The results were analyzed by ModiFIT software
(Verity Software House, Topsham, USA).

Osteogenic differentiation capacity
Cells in the exponential growth phase were seeded in 6-well
plates at a density of 4 x 10* cells/well and then cultured at
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37°C in 5% CO, for 24 h with over 95% humidity. Then, the
cells were transferred to osteogenic HG-DMEM (Gibco)
containing 10% FBS (Stemcell), 0.1 puM dexamethasone,
50 uM ascorbic acid, and 10 mM [-glycerol phosphate
(Sigma). The cells were incubated for 2 weeks. Media were
changed every 3—4 days. Osteoblasts were identified by
alkaline phosphatase staining (Sigma).

Adipogenic differentiation capacity

Cells in the exponential growth phase were seeded in 6-well
plates at a density of 8 x 10* cells/well and then transferred
to induction HG-DMEM containing 10% FBS, 1 uM dexa-
methasone, 0.5 mM IBMX (Sigma) and 50 puM ascorbic
acid. The cells were incubated for 2 weeks. Media were
changed every 3—4 days. Fat droplets were identified by Oil
red O staining (Amresco).

Chondrogenic differentiation capacity

Cells (4 x 10°) in the exponential growth phase were trans-
ferred to chondroinductive HG-DMEM containing 0.1 puM
dexamethasone, 50 wM ascorbic acid, 1 mM sodium pyru-
vate, 1 x ITS+1 (Sigma), and 10 ng/ml TGF-B3 (R&D,
Minneapolis, USA). The cells were incubated for 4 weeks.
Media were changed every 3—4 days. The extracellular
matrix was detected by Alcian blue staining (Amresco).

Immunophenotypic analyses

Fifth-generation cells in the exponential growth phase were
collected, digested conventionally, and suspended in PBS
containing 20 g/l BSA (ExCell Biology, Shanghai, China) to
a concentration of 1 x 10°cells/ml. Cells (0.5 ml) were
added into individual tubes and incubated with phycoerythrin
(PE)-conjugated CD31, CD34, CD40, CD73, CD80, CD105,
CD106, or CDI166, fluorescein isothiocyanate (FITC)-
conjugated CD14, CD44, CD86, CD90, CD154 (CD40L),
HLA-ABC, HLA-DR, or TRA-1-60, and peridinin chloro-
phyll protein (PerCP)-conjugated CD45 (BD; Franklin Lakes,
USA) at 4°C for 30 min in the dark. Isotype controls were
also included. After washing twice with PBS containing 20 g/
1 BSA, the cells were fixed in 1% paraformaldehyde at 4°C
and then analyzed by flow cytometry.

Lymphocytic transformation test and mixed lymphocyte
reaction

*H-TdR incorporation assay was performed to investigate
whether MSC inhibition of T-cell proliferation was induced
by mitogen or allogeneic lymphocytes. CD3™ T cells were
purified by the MidiMACS cell immunomagnetic beads
sorting system. Purified CD3" T cells were seeded as eff-
ector cells at 2 x 10° cells/well on top of the UCMSC,
WIMSC, UVMSC, or AMMSC feeder cells, which had
been seeded in 96-well plates at 2 x 10* (1:10), 1 x 10*
(1:20), 5 x 10% (1:40), or 2.5 x 10 (1 : 80) cells per well
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overnight, respectively. Four duplicates were included in
each group and each cell gradient. For the lymphocytic trans-
formation assay, 10 pg/ml phytohemagglutinin (Sigma) was
added to stimulate the proliferation of effector cells. For the
mixed lymphocyte reaction test, allogeneic peripheral blood
lymphocytes were irradiated by 15 Gy ®°Co and suspended
in RPMI 1640 containing 20% FBS. These cells were plated
at 1 x 10’ cells/well to stimulate the proliferation of effector
cells. Cells were incubated at 37°C in 5% CO, with 100%
humidity for 48—72 h. *H-TdR (Atomic Energy Research
Institute of Chinese Academy of Sciences, Beijing, China)
was added at a dose of 0.2 wCi/well. After 12 h, cells were
collected on cellulose acetate filter paper. The paper was
dried and placed in a counting vial. Scintillation fluid was
then added, followed by the detection of count per minute
with a liquid scintillation counter.

Co-culture experiment

Cells in the exponential growth phase were seeded in
24-well plates at 4 x 10* cells/well as trophoblasts. After
24 h, the original culture media was disposed, and then fresh
sorting CD34™ cells were added at 1 x 10 cells/well in
StemSpan'™ H5100 media (Stemcell) containing 50 ng/ml
stem cell factor (SCF), 50 ng/ml f1t3 ligand (FL), and 10 ng/
ml IL3 (PeproTech, Rocky Hill, USA). Cells were incubated
at 37°C in 5% CO, with 100% humidity for 7 days. Half of
the media was replaced after 3 days. Cells were collected
before the co-culture and after 7 days of co-culture. The
number of mononuclear cells (MNCs) was stained using
trypan blue and counted under the inverted microscope, and
the purity and number of CD34" cells were analysed by
flow cytometry. Cells were cultured for 12—14 days in a
standard hematopoietic colony culture system with semi-solid
media containing 1% methyl cellulose (Sigma), 30% FBS
(Stemcell), 1% BSA, 2 mM L-glutamine (Amresco), 0.1 pM
2-Mercaptoethanol (Sigma), 50 ng/ml SCF, 20 ng/ml gran-
ulocyte-macrophage colony-stimulating factor (GM-CSF),
20 ng/ml IL3, 20 ng/ml IL6 (PeproTech), and 3 U/ml erythro-
poietin (EPO) (Kirin, Tokyo, Japan). Hematopoietic stem and
progenitor cell colony-forming units culture (CFU-C), burst-
forming units erythrocyte (BFU-E), colony-forming units
granulocyte-macrophage (CFU-GM), and colony-forming
units-mixed (CFU-Mix) were counted under the inverted
microscope. Amplification efficiencies were calculated with
the following formulas:

CD347" cells amplification efficiency

Number of proliferating cells after one week
_ x Purity of CD34" cells after one week  100%
N Number of cells before proliferation 0

xPurity of CD34" cells before proliferation
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CFU amplification efficiency

CFU production rate after one week
x Number of proliferation cells per
well after one week/seeded cells

_ per well after one week « 100%
~ CFU production rate before proliferation 0

x Number of proliferation cells per
well before proliferation/seeded cells

per well before proliferation

RNA extraction and real-time polymerase chain reaction
to determine the mRNA expression of cytokines

Real-time polymerase chain reaction (PCR) was performed
to detect the mRNA expression of cytokines associated with
immuno-modulatory and hematopoietic function in MSCs,
including SCF, FL, leukemia inhibition factor (LIF), hepato-
cyte growth factor (HGF), macrophage colony-stimulating
factor (M-CSF), GM-CSF, granulocyte colony stimulating
factor (G-CSF), EPO, thrombopoietin (TPO), vascular
endothelial growth factor (VEGF), IL3, IL6, IL10, IL11, and
transforming growth factor beta 1 (TGFB1). RNA was
extracted from cells using Trizol reagent (Invitrogen,
Carlsbad, USA). cDNA was synthesized using the Rever
Aid TM First Strand ¢cDNA Synthesis Kit (Fermentas,
Waltham, USA) according to the manufacturer’s protocol.
Real-time PCR was performed using the SYBR® Green
Real-time PCR Master Mix-Plus kit (Toyobo, Osaka,
Japan). B-actin served as a reference gene. UC samples were
used as the positive control for calibration. The gene

expression profiles of WIMSC, UVMSC, and AMMSC
samples were compared with the calibration sample and ana-
lyzed using the method of 2-22€. All of the primers were
synthesized by Life Technologies. Primer sequences and the
sizes of the fragments are shown in Table 1.

Statistical analyses

Statistical analyses were performed with the statistical soft-
ware SPSS 13.0 (SPSS Inc., Chicago, USA). Data were pre-
sented as mean + SD. Comparisons of continuous variables
between more than two groups were performed by one-way
analysis of variance. P < 0.05 was considered of statistically
significant difference. All of the experiments were per-
formed at least in triplicate.

Results

Morphology and growth characteristics of MSCs
derived from UCs

After UC tissues were digested by collagenase, different
sized and shaped cells were visible under the inverted micro-
scope. Most of the cells began to adhere within 24 h. Cell
proliferation was very rapid, and 80% confluence occurred
after 7 days of culture. The cells had a tight arrangement,
stretched bodies, predominantly swirling growth, and rela-
tively homogeneous long-spindle morphology. In addition,
cells had vortex-like growth and maintained their morph-
ology and proliferative capability up to passage 14 (Fig. 1A,
a—h). The proliferation of MSCs in each group was detected
using the cell counting method. The results showed that fifth-
generation MSCs derived from UCs underwent exponential

Table 1. The primers for inmune and hematopoietic related genes used in this study

Gene Forward Reverse Size (bp) GenBank No.
B-actin TGACGTGGACATCCGCAAAGA CTGGAAGGTGGACAGCGAGG 205 NM_001101.3
SCF CATTGTTGGATAAGCGAGAT CACGCACTCCACAAGGTC 147 NM_000899.4
FLT3 AGTGTCAGCCCGACTCCTCA GCCAGGTCAGTGCTCCACAA 245 NM_001459.2
LIF CCCTGCTGTTGGTTCTGC CAAGGTACACGACTATGCGGTA 309 NM_002309.3
HGF CAAGGGAACAGTATCTATCAG GTCACAGACTTCGTAGCG 191 NM_000601.4
M-CSF CCTGCGTCCGAACTTTCTAT TCACTGCTAGGGATGGCTTT 205 NM_000757.4
GM-CSF TGCTGCTGAGATGAATGAAAC GGCCCTTGAGCTTGGTGA 131 NM_000758.2
G-CSF AGATGGAAGAACTGGGAATGGC GGGCAAGGTGGCGTAGAA 159 NM_000759.3
EPO TATGCCTGGAAGAGGATGGAG GAGCCCGAAGCAGAGTGGT 190 NM_000799.2
TPO AAGGTGCGTTTCCTGATGC GCTGAGGCAGTGAAGTTTGTCTCCA 158 NM_000460.2
VEGF AAGAAATCCCGGTATAAGTCCTG TTCGTTTAACTCAAGCTGCCTC 201 NM_001025366.2
IL3 AGTTTACAGAACGCATCAGC TTCCAGTCACCGTCCTTG 116 NM_000588.3
IL6 GTGAGGAACAAGCCAGAGC TACATTTGCCGAAGAGCC 232 NM_000600.3
IL10 GGAGAACCTGAAGACCCTC CTCACTCATGGCTTTGTAGAT 142 NM_000572.2
IL11 GCAGCGGACAGGGAAGGGTT CCACAGGCTCAGCACGACCA 120 NM_000641.2
TGFBI CAGCAACAATTCCTGGCGATAC GCTAAGGCGAAAGCCCTCAAT 139 NM_000660.4
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Figure 1. The growth and pluripotency characteristics of MSCs derived from UCs (A) MSCs derived from UC, WJ, UV, and AM were digested by
collagenase and amplified to the fifth-generation in vitro. Cell morphology and cell differentiation are shown. a—d, typical MSCs (x100); e—h,
Wrights-Gimsa staining of MSCs (x40); i—1, alkaline phosphatase staining of osteoblasts differentiated from MSCs (x 100); m—p, Oil red O staining of
adipocytes differentiated from MSCs (x200); q—t, Alcian blue staining of chondrocytes differentiated from MSCs (x200). (B) The representative cell
growth curves of fifth-generation MSCs derived from UC, WJ, UV, and AM. (C) The representative cell-cycle plots of fifth-generation MSCs derived from

UC, W], UV, and AM.

growth from 2 to 7 days with similar population doubling
times, 24.76 + 5.47 h (UCMSC), 24.36 + 4.18 h (WIMSC),
25.12 + 494 h (UVMSC), and 23.24 + 3.65h (AMMSC)
(Fig. 1B). Cell-cycle analysis performed by flow cytometry
demonstrated that >80% of fifth-generation MSCs were in
the Go/G; phase (UCMSC: 89.51% + 3.23%, WIMSC:
86.79% + 6.29%, UVMSC: 86.81% + 4.22%, AMMSC:
90.58% =+ 2.80%), whereas a small population of cells was
engaged in proliferation (G,/M phase: 2.71% + 1.49%,
3.60% =+ 1.90%, 3.81% =+ 2.35%, 2.47% =+ 1.80%; S phase:
7.78% =+ 3.72%, 9.61% + 4.44%, 9.39% + 1.91%, 6.95% +
1.49%, respectively). Cell-cycles across four groups showed
no statistical differences. Thus, all of the cultured MSCs
derived from UCs showed stem cell cell-cycle characteris-
tics. Generally, most of cells were in a quiescent state, i.e., in
the G¢/G; phase. Figure 1C shows the representative cell-
cycle plots of MSCs derived from UC, W], UV, and AM.

Multi-lineage differentiation potential

To examine the multi-lineage differentiation potential of
fifth-generation MSCs, we added differentiation inducers for
osteoblasts, adipocytes, or chondrocytes directly into the
media. After one week of culture in the osteoblast induction
system, MSCs began to be polygon shaped. After 2 weeks,
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ALP staining was positive (Fig. 1A, i—1). After 3 days of
culture in the adipocyte induction system, MSCs showed
obvious morphology changes, including larger and round
cell bodies and intracellular tiny fat droplets, which gradual-
ly increased as the induction time increased and turned
bright red when stained with Oil red O after 10—14 days of
induction (Fig. 1A, m—p). After 4 weeks of culture in the
chondrocyte induction system, cells were fixed with 10%
neutral formalin, embedded with paraffin, and sliced. Alcian
blue staining revealed collagen fibers and GAGs in cartilage
matrix (Fig. 1A, q—t). These results demonstrated that
MSCs derived from different sections of UCs had multi-
lineage differentiation potential.

Immunophenotypic characterization

Flow cytometry was used to detect surface markers of
UCMSCs, WIMSCs, UVMSCs, and AMMSCs. As shown
in Table 2, there were high levels of CD44, CD73 (SH-3.4),
CD90 (Thy-1), CD105 (SH-2/endoglin), CD166 (ALCAM),
and HLA-ABC (MHC-I molecule), low levels of CD106
and TRA-1-60, and no expression of CD14, CD31, CD34,
CD45, CD80 (B7-1), CD86 (B7-2), CD40, CD40L
(CD154), or HLA-DR (MHC-II molecule) on MSCs deri-
ved from different sections of the UC. We compared the
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Table 2. Surface markers of MSCs derived from UC, AM, WJ, and UV

Surface marker UC (%) WI (%) UV (%) AM (%) P
CDl14 09+ 1.1 07+12 0.1 £0.2 04405 0.188
CD31 1.2+13 0.6 +0.8 04+0.2 1.0+ 0.8 0.165
CD34 04+ 1.1 1.2+ 1.0 0.7+ 0.7 0.8+0.8 0.321
CD40 14+ 1.6 0.8+09 03+03 0.6 +0.7 0.253
CD40L 14+18 1.1+18 0.2 +0.1 1.2+14 0.535
CD44 52.5 +23.1 42.4 4+ 29.3 70.2 + 23.5 59.5 +26.7 0.381
CD45 1.1+1.9 1.0+1.5 02+03 04+0.5 0.333
CD73 989 + 1.6 984 + 1.6 974 +2.9 95.5+6.9 0.301
CD80 1.7+ 1.7 08+ 1.0 02+0.2 1.1+14 0.107
CDS86 1.9 +2.1 1.2+1.7 1.7+ 0.9 1.9+32 0.658
CD90 99.1 + 1.1 99.6 + 0.3 97.9 + 2.1 983 +2.6 0.172
CDI105 99.0 + 1.6 98.7 + 1.7 96.5 + 3.5 972 + 3.4 0.240
CD106 33.0 + 26.4%* 179 + 214 40+ 44 19.6 + 18.2 0.019
CD166 89.1 + 17.2%* 614 + 33.6 799 +16.3 84.0 + 13.8* 0.040
HLA-ABC 94.5 +4.1 77.0 + 19.6 779 +24.0 89.3 +12.1 0.134
HLA-DR 1.2 +1.7 1.1+£15 0.2 +0.1 1.2 +2.1 0.442
TRA-1-60 21.3 +27.8 8.0 +17.1 1.7+2.2 19.2 +24.3 0.127
*P < 0.05, **P < 0.01.
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Figure 2. Immuno-modulatory activity of MSCs derived from UCs (A) UCMSCs, WIMSCs, UVMSCs, and AMMSCs were incubated with *H-TdR
labeled CD3™ T lymphocytes and mitogen phytohaemagglutinin (PHA). (B) UCMSCs, WIMSCs, UVMSCs, and AMMSCs were incubated with *H-TdR
labeled CD3™" T lymphocytes and allogeneic lymphocytes. T-cell counts are shown as radioactivity (count per minute). *P < 0.05, **P < 0.01.

phenotype profiles of each subtype of MSCs and found that
there were no differences in the levels of CD14, CD31,
CD34, CD40, CD40L, CD44, CD45, CD73, CD80, CD86,
CD90, CDI105, HLA-ABC, HLA-DR, or TRA-1-60.
However, the surface expression of CD106 on UCMSCs
was increased as compared with UVMSCs (P < 0.01). In
addition, the expression of CD166 on UCMSCs (P < 0.05)
and AMMSCs was increased as compared with WIMSCs
(P <0.05).

Immuno-modulatory activity
The immuno-modulatory activity of MSCs derived from
UCs was investigated using a lymphocyte transformation

experiment (Fig. 2A) and mixed lymphocyte culture test
(Fig. 2B). The results showed that the immuno-modulatory
activity was similar among UCMSCs, WIMSCs, UVMSCs,
and AMMSCs. All of the groups inhibited T-lymphocyte
proliferation stimulated by mitogen and allogeneic antigens
in a dose-dependent manner. In both assays, the T-lymphocyte
count gradually decreased with increasing concentrations
of MSCs.

Functional analysis of CD34" cells co-cultured

with MSCs

In a serum-free culture system, CD34 " cells separated from
fresh UC blood were cultured separately for 7 days or
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co-cultured with UCMSCs, WIMSCs, UVMSCs, and
AMMSCs, respectively, for 7 days. The proliferation of
hematopoietic cells was examined under the inverted micro-
scope. The results showed that the number of cells in the sus-
pension culture group (no MSCs) was significantly lower
than that in the co-culture group (Fig. 3A). In a standard
hemopoietic colony culture system, CD34 " cells from all of
the groups were cultured for 12—14 days and then observed
for hematopoietic differentiation under the microscope. The
results showed that cells from the control group and four
experimental groups were able to differentiate into colonies
of erythroid cells, granulocytes, macrophages, and multipo-
tential progenitors (Fig. 3B). We detected the number of
MNCs, CD34" cells, and hematopoietic colonies in differ-
ent groups after 7 days. As shown in Table 3, we found that
the numbers of MNCs, CD34" cells, CFU-C, BFU-E,
CFU-GM, and CFU-Mix in all of the co-culture groups were
significantly higher than those in the suspension culture
group (P <<0.01), except in the AMMSC group (P=
0.063). In addition, the numbers of MNCs, CD34" cells,
and CFU-C on the feeding layer of UCMSCs were signifi-
cantly higher than those on the feeding layer of WIMSC:s,
UVMSCs, or AMMSCs (P < 0.01), and the efficacy of
CFU-C was similar. There were no significant differences in
the efficacy of CFU-Mix among all of the groups; however,
the amplification efficiencies of CFU-GM and BFU-E of

A CD34+ cells

CD34+ cells/MSCs

()]

7000 ¢ **
M CD34+cells/lUCMSCs
6000 | g B CD34+cells/\WIMSCs
£ - B CD34+cells/UVMSCs
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2 7y +
§ 4000 f/ @ CD34+cells
@
% 3000 %
5 2000 %
s .
= 1000 %
U .

MNC CD34+

WIMSCs were significantly higher than that of AMMSCs
(P < 0.05) (Fig. 3C,D).

mRNA expression of cytokines

Real-time PCR was performed to detect the mRNA expres-
sion of cytokines associated with immuno-modulatory and
hematopoietic functions of MSCs. The relative mRNA ex-
pression of cytokines on MSCs from UC, WJ, UV, and AM
was compared. The results showed that there was positive
expression of immune-related cytokines, including IL6,
IL10, IL11, and TGFR1 (Fig. 4A), and hematopoietic-
related cytokines, including SCF, FLT3, LIF, IL3, IL6, IL11,
HGEF, EPO, TPO, VEGF, M-CSF, GM-CSF, and G-CSF
(Fig. 4B), in UCMSCs, WIMSCs, UVMSCs, and AMMSCs.
For the expression of IL3, IL10, LIF, TGFB1, HGF, TPO,
EPO, VEGF, M-CSF, and GM-CSF, no statistical differences
among the subtypes of MSCs were found. However, the
mRNA expression of IL6 in UCMSCs was significantly
higher than that in WIMSCs, UVMSCs, and AMMSCs (P <
0.0001). There was also significance between the WIMSC
and AMMSC groups (P < 0.01). The expression of IL11 in
UCMSCs was statistically higher than that in AMMSCs (P <
0.01). SCF expression was significantly elevated in UCMSCs
as compared with AMMSCs (P < 0.05). Finally, the expres-
sion of FLT3 in UCMSCs and UVMSCs was higher than that
in WIMSCs (P < 0.01).
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Figure 3. MSCs derived from UCs were co-cultured with CD34" cells from cord blood (A) MSCs derived from UCs were co-cultured with CD34*
cells sorted from cord blood for 7 days. The cell number in individually cultured groups (a, x40) was significantly lower than that in MSC co-cultured
groups (b, x40) on day 7. (B) The colony formation of cells from individually cultured groups (a, b, and ¢, x50) and co-cultured groups (d, e, and f, x50)
after 7 days of culture. (C) The propagation efficiencies of the MSC feeder layer for MNCs and CD34 " cells. (D) The propagation efficiencies of the MSC

feeder layer for CFU-C. *P < 0.05, **P < 0.01.
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Table 3. The propagation efficiencies of MNC/CD34™" on day 7 and of colony-forming units on day 12—14 were superior in co-cultured groups

MNC (%) CD34% (%) CFU-C (%) BFU-E (%) CFU-GM (%) CFU-Mix (%)
CD34™cells 869.2 + 144.0 703 + 11.8 101.7 + 32.0 14.8 + 4.8 172.2 +48.2 10.5 + 6.2
CD34%cellssyUCMSCs  5908.3 + 874.3*%* 372.6 4+ 54.9%* 1467.8 + 1468.7** 376.3 + 124.8** 2408.0 + 687.4** 162.8 + 72.4**
CD347cellss'WIMSCs ~ 4912.5 + 519.1%% 432.2 4+ 89.3*%*  908.8 + 265.7%*  188.7 + 56.5%*  1499.2 + 388.8** 133.5 + 54.5%*
CD34"cells/UVMSCs  2644.2 4+ 352.8%*% 263.5 4+ 45.2%*  591.2 4+ 204.4**  172.7 + 28.6**  1545.0 + 406.7** 153.5 4+ 74.3%*

CD34"cells/ AMMSCs  4384.2 4+ 399.4%* 280.2 4 25.8%**

933.8 £+ 274.2%*

86.5 +26.8 963.8 + 305.4** 158.7 + 71.9%*

xxp < .01,
A 25- rguc B
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Figure 4. The mRNA of immune and hematopoietic factors expressed in MSCs derived from UCs (A) Real-time PCR was performed to detect the
relative mRNA expression of immune-related cytokines in UCMSCs, WIMSCs, UVMSCs, and AMMSCs. (B) Real-time PCR was performed to detect the
relative mRNA expression of hematopoietic cytokines in UCMSCs, WIMSCs, UVMSCs, and AMMSCs. *P < 0.05, **P < 0.01.

Discussion

We successfully isolated MSCs from human UC, WJ, UV,
and AM and compared their biological immunomodulation
and hematopoietic support features. Our UCMSC, WIMSC,
UVMSC, and AMMSC results are similar to previous
reports [30]. MSCs separated from different sources had
uniform shape as typical long spindles and were arranged in
parallel or spiral-shaped, and had strong proliferative cap-
abilities. The growth curve for 8 days indicated that cells
were in the exponential growth phase, with rapid prolifer-
ation from 2 to 7 days. The cell-cycle results showed that
>80% of the cells in each group were in the Go/G; phase,
indicating that MSCs derived from UCs had typical stem
cell cell-cycle characteristics.

Currently, the identification of MSCs relies on the ana-
lysis of multi-lineage differentiation potential and cell
phenotype. Our research showed that MSCs derived from
different sections of the UC had similarly high differenti-
ation abilities. MSCs can be differentiated into osteoblasts,
adipocytes, and chondrocytes under different induction
systems. Thus, UCMSCs are excellent candidates for stem
cell transplantation.

The MSC phenotypes in this study were similar and in
line with previous studies, except that higher expressions of
CD106 and CD166 were found in UCMSCs. The adhesion
molecules CD106 and CD166 are associated with hemato-
poietic function and cell migration [31—-34]. The difference
between UCMSC:s in our study and other subtypes of MSCs
suggests that there is heterogeneity of MSCs in UC. Thus,
MSCs derived from different sections of UC may exert dif-
ferent immune-modulatory and hematopoietic functions.

HSCT is an effective treatment for malignant hemato-
logical diseases. However, the biggest problem in allogeneic
HSCT (Allo-HSCT) is graft-versus-host disease (GVHD),
which has become a common complication and one of the
leading causes of non-recurrent death after transplantation.
In Allo-HSCT, the incidence of acute GVHD in HLA hap-
loidentical transplantation is about 30%—50%. However, in
HLA-mismatched transplantation the incidence is up to
60%—80% [35]. During GVHD, T lymphocytes from the
donor recognize cell surface antigens of the recipient and
induce an immune response, resulting in multiple organ
injury [36]. In this process, T cells are a key factor for the de-
velopment and progression of GVHD. The mechanism of
the inhibitory effect of MSCs on T-cell function is not clear.
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Some researchers have shown that MSCs inhibit T-cell
proliferation through contacting T cells or secreting re-
gulatory factors such as IL6, IL10, and TGFRB [37]. MSCs
have immunosuppressive effects only in the presence of
IFN-y or other proinflammatory cytokines, such as tumor
necrosis factor a (TNF-at), IL1e, or IL13 [38]. These cyto-
kines interact with MSCs and promote the expression
of chemokines and indoleamine-2,3-dioxygenase, which
induces apoptosis of T cells by degrading tryptophan and
inhibits the proliferation of T cells [39]. Our study confirmed
that MSCs inhibit T-lymphocyte transformation and respond
to antigens in vitro, indicating strong immune-modulatory
activity.

The hematopoietic microenvironment, also known as the
hematopoietic stem cell niche, supports and regulates the
proliferation, maturation, and differentiation of hematopoi-
etic cells within the environment [40]. It mainly consists of
stromal cells, extracellular matrix, and hematopoietic growth
factors. As an important component of the microenviron-
ment, MSCs are precursors of fibroblasts, osteoblasts, adipo-
cytes, and other bone marrow stromal cells. These cells
support and regulate the proliferation and differentiation of
hematopoietic stem cells through secreting a variety of hem-
atopoietic growth factors and chemokines, such as SCF,
FLT3 ligands, IL3, M-CSF, GM-CSF, VEGF, PDGF-1, and
others [41]. Although there are more CD34" cells in UC
blood of full-term neonates than in normal bone marrow and
peripheral blood [42], the low content of MSCs and limited
volume of cord blood limit the application of UC blood in
transplantation. This problem may be solved by adding
MSCs derived from UC to propagate CD34" hematopoietic
stem cells.

In summary, we demonstrated that MSCs derived from
UCs, including whole UC, amnion, WJ, and vasculature,
had a high proliferative rate, multi-lineage differentiation po-
tential, and low immunogenicity. Thus, MSCs derived from
UCs could be used as stem cells in various fields of cell
therapy in the future.

Funding

This study was supported by the grants from Eleventh
Five-Year Drug Discovery of Major Projects (No. 2009
7X09503023-003), National High Technology Research
and Development Program (‘863 Program) of China (No.
2013AA020103), and National Natural Science Foundation
of China (No. 31070996).

References

1. Friedenstein AJ, Chailakhyan RK, Latsinik NV, Panasyuk AF and

Keiliss-Borok IV. Stromal cells responsible for transferring the

Acta Biochim Biophys Sin (2014) | Volume 46 | Issue 12 | Page 1064

11.

12.

14.

15.

16.

18.

microenvironment of the hemopoietic tissues. Cloning in vitro and retrans-
plantation in vivo. Transplantation 1974, 17: 331-340.

. Gotherstrom C, Ringden O, Tammik C, Zetterberg E, Westgren M and Le

Blanc K. Immunologic properties of human fetal mesenchymal stem cells.
Am J Obstet Gynecol 2004, 190: 239-245.

. Mazzini L, Mareschi K, Ferrero I, Miglioretti M, Stecco A, Servo S and

Carriero A, et al. Mesenchymal stromal cell transplantation in amyotrophic
lateral sclerosis: a long-term safety study. Cytotherapy 2012, 14: 56—60.

. Trachtenberg B, Velazquez DL, Williams AR, McNiece I, Fishman J,

Nguyen K and Rouy D, et al. Rationale and design of the Transendocardial
Injection of Autologous Human Cells (bone marrow or mesenchymal) in
Chronic Ischemic Left Ventricular Dysfunction and Heart Failure
Secondary to Myocardial Infarction (TAC-HFT) trial: a randomized,
double-blind, placebo-controlled study of safety and efficacy. Am Heart J
2011, 161: 487—-493.

. Jiang R, Han Z, Zhuo G, Qu X, Li X, Wang X and Shao Y, et al.

Transplantation of placenta-derived mesenchymal stem cells in type 2 dia-
betes: a pilot study. Front Med 2011, 5: 94—100.

. Zhang Z, Lin H, Shi M, Xu R, FuJ, Lv J and Chen L, ef a/. Human umbil-

ical cord mesenchymal stem cells improve liver function and ascites in de-
compensated liver cirrhosis patients. J Gastroenterol Hepatol 2012,
27(Suppl 2): 112—-120.

. Fong CY, Richards M, Manasi N, Biswas A and Bongso A. Comparative

growth behaviour and characterization of stem cells from human Wharton’s
jelly. Reprod Biomed Online 2007, 15: 708—718.

. Hemmer B, Kondo T, Gran B, Pinilla C, Cortese I, Pascal J and Tzou A,

et al. Minimal peptide length requirements for CD4(+) T cell clones-
implications for molecular mimicry and T cell survival. Int Immunol 2000,
12:375-383.

. Weng JY, Du X, Geng SX, Peng YW, Wang Z, Lu ZS and Wu SJ, ef al.

Mesenchymal stem cell as salvage treatment for refractory chronic GVHD.
Bone Marrow Transplant 2010, 45: 1732—-1740.

. Liang J, Zhang H, Hua B, Wang H, Lu L, Shi S and Hou Y, ef al. Allogenic

mesenchymal stem cells transplantation in refractory systemic lupus
erythematosus: a pilot clinical study. Ann Rheum Dis 2010, 69:
1423-1429.

Connick P, Kolappan M, Patani R, Scott MA, Crawley C, He XL and
Richardson K, ef al. The mesenchymal stem cells in multiple sclerosis
(MSCIMS) trial protocol and baseline cohort characteristics: an open-label
pre-test: post-test study with blinded outcome assessments. Trials 2011, 12:
62.

Duijvestein M, Vos AC, Roelofs H, Wildenberg ME, Wendrich BB,
Verspaget HW and Kooy-Winkelaar EM, et al. Autologous bone marrow-
derived mesenchymal stromal cell treatment for refractory luminal Crohn’s
disease: results of a phase I study. Gut 2010, 59: 1662—1669.

. Mueller SM and Glowacki J. Age-related decline in the osteogenic potential

of human bone marrow cells cultured in three-dimensional collagen
sponges. J Cell Biochem 2001, 82: 583—590.

Miki T, Lehmann T, Cai H, Stolz DB and Strom SC. Stem cell characteris-
tics of amniotic epithelial cells. Stem Cells 2005, 23: 1549—-1559.

Raio L, Ghezzi F, Di Naro E, Gomez R, Franchi M, Mazor M and
Bruhwiler H. Sonographic measurement of the umbilical cord and fetal an-
thropometric parameters. Eur J Obstet Gynecol Reprod Biol 1999, 83:
131-135.

Di Naro E, Ghezzi F, Raio L, Franchi M and D’Addario V. Umbilical cord
morphology and pregnancy outcome. Eur J Obstet Gynecol Reprod Biol
2001, 96: 150—157.

. Copland IB, Adamson SL, Post M, Lye SJ and Caniggia I. TGF-beta 3 ex-

pression during umbilical cord development and its alteration in pre-
eclampsia. Placenta 2002, 23: 311-321.

Mizoguchi M, Suga Y, Sanmano B, Ikeda S and Ogawa H. Organotypic
culture and surface plantation using umbilical cord epithelial cells:

20z Iudy £z uo 1senb Aq 66Z1/950 1/Z L/9%/SI0IME/SAGE/W00 dNO O1WSpPEoE//:SA]Y WOl POPEOUMOQ



Profiles of stem cells derived from umbilical cord

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

morphogenesis and expression of differentiation markers mimicking cuta-
neous epidermis. J Dermatol Sci 2004, 35: 199—-206.

. Lu LL, Liu YJ, Yang SG, Zhao QJ, Wang X, Gong W and Han ZB, et al.

Isolation and characterization of human umbilical cord mesenchymal stem
cells with hematopoiesis-supportive function and other potentials.
Haematologica 2006, 91: 1017—-1026.

Lazarus HM, Haynesworth SE, Gerson SL, Rosenthal NS and Caplan Al
Ex vivo expansion and subsequent infusion of human bone marrow-derived
stromal progenitor cells (mesenchymal progenitor cells): implications for
therapeutic use. Bone Marrow Transplant 1995, 16: 557—564.

Romanov YA, Svintsitskaya VA and Smirnov VN. Searching for alternative
sources of postnatal human mesenchymal stem cells: candidate MSC-like
cells from umbilical cord. Stem Cells 2003, 21: 105—-110.

In ‘t Anker PS, Scherjon SA, Kleijburg-van der Keur C, de Groot-Swings
GM, Claas FH, Fibbe WE and Kanhai HH. Isolation of mesenchymal stem
cells of fetal or maternal origin from human placenta. Stem Cells 2004, 22:
1338-1345.

Perry TE, Kaushal S, Sutherland FW, Guleserian KJ, Bischoff J, Sacks M
and Mayer JE. Thoracic Surgery Directors Association Award. Bone
marrow as a cell source for tissue engineering heart valves. Ann Thorac
Surg 2003, 75: 761-767; discussion 767.

Sobolewski K, Bankowski E, Chyczewski L and Jaworski S. Collagen and
glycosaminoglycans of Wharton’s jelly. Biol Neonate 1997, 71: 11-21.
Takechi K, Kuwabara Y and Mizuno M. Ultrastructural and immunohisto-
chemical studies of Wharton’s jelly umbilical cord cells. Placenta 1993, 14:
235-245.

Nanaev AK, Kohnen G, Milovanov AP, Domogatsky SP and Kaufmann P.
Stromal differentiation and architecture of the human umbilical cord.
Placenta 1997, 18: 53—64.

Karahuseyinoglu S, Cinar O, Kilic E, Kara F, Akay GG, Demiralp DO and
Tukun A, ef al. Biology of stem cells in human umbilical cord stroma: in
situ and in vitro surveys. Stem Cells 2007, 25: 319-331.

Akerman F, Lei ZM and Rao CV. Human umbilical cord and fetal mem-
branes co-express leptin and its receptor genes. Gynecol Endocrinol 2002,
16: 299-306.

Sarugaser R, Lickorish D, Baksh D, Hosseini MM and Davies JE. Human
umbilical cord perivascular (HUCPV) cells: a source of mesenchymal pro-
genitors. Stem Cells 2005, 23: 220—229.

Weiss ML, Medicetty S, Bledsoe AR, Rachakatla RS, Choi M, Merchav S
and Luo Y, et al. Human umbilical cord matrix stem cells: preliminary

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

characterization and effect of transplantation in a rodent model of
Parkinson’s disease. Stem Cells 2006, 24: 781—-792.

Barda-Saad M, Rozenszajn LA, Ashush H, Shav-Tal Y, Ben Nun A and
Zipori D. Adhesion molecules involved in the interactions between early T
cells and mesenchymal bone marrow stromal cells. Exp Hematol 1999, 27:
834-844.

Levesque JP, Takamatsu Y, Nilsson SK, Haylock DN and Simmons PJ.
Vascular cell adhesion molecule-1 (CD106) is cleaved by neutrophil pro-
teases in the bone marrow following hematopoietic progenitor cell mobiliza-
tion by granulocyte colony-stimulating factor. Blood 2001, 98: 1289—1297.
Ohneda O, Ohneda K, Arai F, Lee J, Miyamoto T, Fukushima Y and
Dowbenko D, et al. ALCAM (CD166): its role in hematopoietic and endo-
thelial development. Blood 2001, 98: 2134-2142.

Conley BA, Koleva R, Smith JD, Kacer D, Zhang D, Bernabeu C and Vary
CP. Endoglin controls cell migration and composition of focal adhesions:
function of the cytosolic domain. J Biol Chem 2004, 279: 27440—-27449.
Ferrara JL, Levine JE, Reddy P and Holler E. Graft-versus-host disease.
Lancet 2009, 373: 1550—-1561.

Hill GR and Ferrara JL. The primacy of the gastrointestinal tract as a target
organ of acute graft-versus-host disease: rationale for the use of cytokine
shields in allogeneic bone marrow transplantation. Blood 2000, 95:
2754-2759.

Tu Z, Li Q, Bu H and Lin F. Mesenchymal stem cells inhibit complement
activation by secreting factor H. Stem Cells Dev 2010, 19: 1803—1809.

Ren G, Zhang L, Zhao X, Xu G, Zhang Y, Roberts Al and Zhao RC, et al.
Mesenchymal stem cell-mediated immunosuppression occurs via concerted
action of chemokines and nitric oxide. Cell Stem Cell 2008, 2: 141-150.
Meisel R, Zibert A, Laryea M, Gobel U, Daubener W and Dilloo D. Human
bone marrow stromal cells inhibit allogeneic T-cell responses by indolea-
mine 2,3-dioxygenase-mediated tryptophan degradation. Blood 2004, 103:
4619-4621.

Taichman RS. Blood and bone: two tissues whose fates are intertwined to
create the hematopoietic stem-cell niche. Blood 2005, 105: 2631-2639.
Sorrentino A, Ferracin M, Castelli G, Biffoni M, Tomaselli G, Baiocchi M
and Fatica A, et al. Isolation and characterization of CD146-+ multipotent
mesenchymal stromal cells. Exp Hematol 2008, 36: 1035—1046.

Tanavde VM, Malehorn MT, Lumkul R, Gao Z, Wingard J, Garrett ES and
Civin CI. Human stem-progenitor cells from neonatal cord blood have
greater hematopoietic expansion capacity than those from mobilized adult
blood. Exp Hematol 2002, 30: 816—823.

Acta Biochim Biophys Sin (2014) | Volume 46 | Issue 12 | Page 1065

¥202 Iudy ¢ uo 1senb Aq 6621/9501/21/9%/e101B/Sqqe/wod dno-olwepede//:sdiy Wwoij pepeojumoq




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


