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Mesenchymal stromal cells (MSCs) have been isolated from different tumors and it has been suggested that they
support tumor growth through immunosuppression processes that favor tumor cell evasion from the immune
system. To date, however, the presence of MSCs in cervical cancer (CeCa) and their possible role in tumor
growth remains unknown. Herein we report on the presence of MSCs in cervical tissue, both in normal con-
ditions (NCx-MSCs) and in CeCa (CeCa-MSCs), and described several biological properties of such cells. Our
study showed similar patterns of cell surface antigen expression, but distinct differentiation potentials, when we
compared both cervical MSC populations to MSCs from normal bone marrow (BM-MSCs, the gold standard).
Interestingly, CeCa-MSCs were negative for the presence of human papiloma virus, indicating that these cells
are not infected by such a viral agent. Also, interestingly, and in contrast to NCx-MSCs, CeCa-MSCs induced
significant downregulation of surface HLA class I molecules (HLA-A*0201) on CaSki cells and other CeCa cell
lines. We further observed that CeCa-MSCs inhibited antigen-specific T cell recognition of CaSki cells by cy-
totoxic T lymphocytes (CTLs). HLA class I downregulation on CeCa cells correlated with the production of IL-10
in cell cocultures. Importantly, this cytokine strongly suppressed recognition of CeCa cells by CTLs. In sum-
mary, this study demonstrates the presence of MSCs in CeCa and suggests that tumor-derived MSCs may
provide immune protection to tumor cells by inducing downregulation of HLA class I molecules. This mech-
anism may have important implications in tumor growth.

Introduction

Mesenchymal stromal cells (MSCs) are a heteroge-
neous subset of stem cells that can be isolated from

many adult tissues. They can differentiate into cells of the
mesodermal lineage, such as adipocytes, osteocytes, and
chondrocytes, as well as cells of other embryonic lineages [1].
MSCs can interact with cells of both the innate and adaptive
immune systems and exert profound effects in immune re-
sponses, primarily through the production of immunosup-
pressive molecules, including prostaglandin E2, nitric oxide,
indoleamine 2,3-dioxygenase, soluble (s) major histocompat-
ibility complex (MHC), class I, G5 (sHLA-G5), transforming
growth factor alpha (TGF-a), and interleukin-10 (IL-10) [1,2],
that affect several functions of immunocompetent cells, such
as the lymphocyte cytotoxic activity [3].

Some studies suggest that MSCs contribute to the forma-
tion of tumor stroma and provide a permissive niche for
tumor development through immunosuppression processes
that favor evasion from the immune system [4,5]. Such
processes have been implicated in several aspects of epithe-
lial tumor biology, such as tumor growth, neoplastic pro-
gression, angiogenesis, and metastasis [6,7]. MSCs have been
isolated from different tumor types such as ovarian carci-
nomas [8], giant cell tumors of bone [9], neuroblastomas [10],
osteosarcomas [11], lipomas [12], and gastric cancer [13];
however, the presence of MSCs in cervical cancer (CeCa) and
their possible role in such tumor growth have not been
documented.

It has been shown that tumors have multiple mechanisms
to evade the immune response. Among them, they possess
the ability to block the maturation and function of antigen-
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presenting cells (APCs) and cause alterations in T cell signal
transduction and function [14]. In this context, the lack or
suppression of MHC class I surface expression in cancer cells
is accompanied by a reduction in the recognition and lysis of
tumor cells by CD8 + CTLs, which is further associated with
disease progression [15]. Abnormalities in the surface ex-
pression of MHC class I molecules are common in CeCa cells
and such abnormalities are often associated with defects in
elements of the antigen-processing machinery and are usu-
ally influenced by the tumor environment [16,17]. Interest-
ingly, MSCs have been shown to induce changes in the
maturation and function of normal APCs, including reduced
expression of MHC class I and II antigens and costimulatory
molecules, resulting in APCs unable to support T cell re-
sponse [18].

On the other hand, it is known that MSCs produce and
secrete IL-10 [19], a pleiotropic cytokine that displays im-
munoregulatory effects and that is associated to MHC class I
downregulation [20,21]. Indeed, in CeCa patients, a higher
expression of IL-10 in cervical tissue has been correlated with
a reduced immune response against tumors and with de-
velopment of high-grade lesions [22,23].

Based on all of these notions, and in trying to contribute to
our understanding of the role of MSCs in tumor biology, in
the present study, we have looked for the presence of MSCs
in the normal cervix (NCx) and in CeCa, and characterized
them in terms of their immunophenotype and differentiation
potentials. We have further assessed their capacity to mod-
ulate the expression of MHC class I molecules on cervical
tumor cells. We have also determined the participation of IL-
10 in such an expression, and the ability of MSCs to alter
immune recognition by T cells. Throughout this study, we
have compared cervix MSCs—both normal and neoplastic—
with MSCs derived from normal bone marrow (BM), which
are considered as the MSC gold standard.

Materials and Methods

Isolation and culture of BM-derived MSCs

BM cells, collected according to institutional guidelines,
were obtained from five hematologically normal BM trans-
plant donors. MSCs were obtained by a negative selection
procedure (RosetteSep� System; StemCell Technologies, Inc.
[STI]) as previously described by our group [24]. Briefly,
mononucleated cells were isolated from BM aspirates and
were resuspended in low-glucose-DMEM (Lg-DMEM, [Gib-
co]) supplemented with 10% fetal bovine serum (FBS; Gibco
BRL), and seeded at a density of 0.2 · 106 cells per cm2 into
T25 cell culture flasks (Corning, Inc.). After 4 days, the
nonadherent cells were removed and a fresh medium was
added. When cultures reached 80% confluence, they were
digested with trypsin-EDTA (0.05% Trypsin-0.53 mM EDTA;
[Gibco]) and subcultured at a density of 1 · 103 cells/cm2 into
T75 flasks (Corning). At the second passage, cells were har-
vested and analyzed.

Isolation and culture of NCx
and CeCa-derived MSCs

NCx samples were obtained from five normal subjects
who had hysterectomy surgery. CeCa samples were ob-
tained from biopsies from two patients in stage IIIB and

three patients in stage IIB. These procedures have been ap-
proved by the local ethics committee.

In the case of CeCa samples, biopsies were sent to the
Pathology Department for routine diagnosis. Another part of
the specimen biopsy was immediately frozen at - 20�C for
human papiloma virus (HPV) typing and the remaining was
intended to culture.

NCx and CeCa-derived MSCs were obtained by the en-
zymatic digestion procedure. Cervical biopsy was dissected
into small pieces. The chopped tissues were digested with
trypsin-EDTA and single-cell suspension was collected by
flushing the tissue parts through a 100-mm nylon filter and
centrifuged to obtain the cell pellet. Total numbers of
mononucleated and viable cells were determined, seeded,
and manipulated as described for BM.

Cell surface antigen analysis of MSCs

Flow cytometry analysis of cultured MSCs was performed
as described previously [24]. Directly conjugated antibodies
used included one or two of the following mAbs: anti-CD13-
PE, anti-CD14-PE, anti-CD29-FITC, anti-CD31-FITC, anti-
CD34-FITC, anti-CD44-PE, anti-CD45-FITC, anti-CD54-PE,
anti-CD62L-FITC, anti-CD105-PE, and anti-HLA-DR-PE (all:
Caltag Laboratories); anti-CD49b-PE, anti-CD58-PE, anti-
CD73-PE, anti-CD166-PE, and anti-HLA-ABC-FITC (all:
Beckton Dickinson/PharMingen), anti-CD90-FITC (Immuno-
tech) and anti-CD133-PE (Miltenyi Biotec GmbH). Cells in-
cubated with their corresponding isotype control (Caltag
Laboratories) were also included. The labeled cells were
analyzed on a Coulter Epics Altra Flow Cytometer (Beckman
Coulter) by collecting a minimum of 10,000 events. The data
were analyzed with CellQuest software (BD Biosciences).

MSCs differentiation

Differentiation analysis of MSCs was performed as de-
scribed previously [24]. To induce adipogenic differentiation,
cells were incubated for 2 weeks in the adipogenic medium
consisting of MesenCult� (STI) supplemented with MSC
adipogenic stimulatory supplements (STI), according to the
manufacturer’s instructions. Cell morphology was examined
under a phase-contrast microscope to confirm the formation
of neutral lipid vacuoles. The presence of neutral lipids was
visualized by staining with Oil Red O (Sigma- Aldrich).

To induce osteogenic differentiation, a Stem Cell Kit�
(SCK; STI), consisting of MesenCult� supplemented with
15% osteogenic stimulatory supplements, 10 - 8 M dexa-
methasone, 0.2 mM ascorbic acid, and 10 mM b-glycerol
phosphate, was used. Cells were incubated in the presence of
SCK for 3 weeks and osteogenic differentiation was evalu-
ated by detection of calcium deposition stained using the von
Kossa technique.

For chondrogenic differentiation, 2.5 · 105 cells were centri-
fuged at 150 g for 5 min to form a pelleted micromass in the
bottom of the tube. This was incubated for up to 28 days with
the chondrogenic induction medium (Cambrex Bio Science
Walkersville, Inc.), consisting of the chondrogenic differen-
tiation basal medium supplemented with SingleQuots of
dexamethasone, ascorbate, insulin-transferrin-selenium (ITS) +
supplement, penicillin/streptavidin, sodium pyruvate, pro-
line, and L-glutamine and 10 ng/mL TGF-b (Cambrex) was
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added. Every 3–4 days, the medium was changed; after 28
days, the micromass was fixed, embedded, microtome cut
and stained with Alcian blue or Mason’s trichromic dye
(Sigma-Aldrich).

HLA class I expression of CeCa cell lines

Flow cytometry analysis to determine HLA class I ex-
pression on cell surface of cultured CaSki (HPV16 + , HLA-
A*0201 + ), HeLa (HPV18 + ), and C33A (HPV - ) human
CeCa cell lines, was performed as described for MSCs.
Monoclonal antibodies were obtained from hybridomas
supernatants: PA2.1 (anti-HLA-A2, -A28) mAb was pur-
chased from American Type Culture Collection and the
W6/32 mAb, which recognizes a conformational epitope on
the intact heavy chain/b2microglobulin complex, was
generously supplied by Dr. Gerd Moldenhauer of the
German Cancer Research Center, Heilderberg, Germany.
Cell samples were analyzed in a FACSCalibur flow cyto-
meter (Becton Dickinson & Co.). After gating out cell de-
bris, 10,000 events were analyzed for their fluorescence
intensity. In all experiments, the fluorescence intensity was
determined at least three times, where each of the 10,000
events were gated and showed as the mean fluorescence
intensity (MFI) – SD. The staining with the FITC-labeled
secondary antibody alone was considered as a negative
control.

HPV typing

The MY09 and MY11 L1 consensus primers, which rec-
ognize a conserved region in the L1 open reading frame,
producing a fragment of 450 bp and HPV16 E7-specific
primers, which amplify a fragment of 100 bp [25], were used
to examine the presence of HPV DNA in the genomic DNA
of each b-actin (238 pb)-positive tumor samples and BM-,
NCx-, and CeCa-derived MSCs. The positive control con-
sisted of DNA from the CaSki line, which contains the
HPV16 + . The negative control consisted of DNA from the
HeLa line, HPV18 + .

The conditions of amplification were as follows: denatur-
ing at 94�C for 15 s, primer annealing at 58�C for 30 s, and
extension at 72�C for 1 min, for a total of 35 cycles, the final
cycle included an incubation at 72�C for 10 min. Seven mi-
croliters of the amplification product was electrophoresed in
1.5% agarose containing 0.5 mg/mL of ethidium bromide and
visualized by UV light. The consensus primers used for L1
amplification were MY09: 5¢cgtccmarrggawactgatc3¢ and
MY11: 5¢gcmcagggwcataayaatgg3¢, while oligonucleotide
sequences used in the HPV16 + type-specific PCR were sense
5¢gatgaaatagatggtccagc3¢ and antisense 5¢gctttgtacgcacaacc
gaagc3¢ [25].

MSC/CeCa cell line cocultures

CeCa cell lines were cultured alone or cocultured for 24,
48, 72, and 96 h with BM-, NCx-, or CeCa-derived MSCs at
different ratios 1:100, 1:10, and 1:1. In these experiments, cells
were separated from MSCs by a transwell chamber (Millicell
chamber). After coculture, CeCa cell lines were analyzed for
HLA class I expression by using PA2.1 and W6/32 mono-
clonal antibodies.

Conditioned media activity and IL-10 quantification
and neutralization activity

To analyze the activity of conditioned media from either
MSC cultures or MSC/CaSki cocultures, CaSki cells were
cultured in the presence of 40% of the corresponding con-
ditioned media. After 96 h of cell culture, expression of the
total HLA class I molecules and HLA-A2 alleles was deter-
mined by flow cytometry as previously described.

To quantify IL-10 contained in the conditioned media of
MSCs and MSC/CaSki cell cocultures, we used a Human IL-
10 ELISA Development Kit (Peprotech). The assay was per-
formed according to the manufacturer’s protocol.

To determine the effect of rhIL-10 on the expression of HLA
class molecules, CeCa cells were cultured in the presence of
40% of the conditioned media (derived from either MSC cul-
tures or MSC-CaSki cocultures) or increasing amounts of hrIL-
10 (Peprotech), from 0.125 ng/mL to 4 ng/mL. To neutralize
the biological activity of rhIL-10 or IL-10 contained in condi-
tioned media of the MSCs and MSC/CaSki cell cocultures, the
rabbit anti-human IL-10 neutralizing specific antibody (Pe-
protech) was added according to the Peprotech’s protocol.
After 96 h of culture, the expression of HLA class I molecules
was determined on the cells by flow cytometry.

In vitro induction of CTL response

To stimulate CTLs, we used a method previously reported
[26]. Briefly, PBLs derived from patients with CeCa and
positives for HPV16 and for the HLA-A*0201 allele, were
incubated with the antigenic peptides TLGIVCPIC (86–94
sequence) and YMLDLQPETT (11–20 sequence) derived
from the E7 HPV16 protein, which specifically binds to the
HLA-A2 allele [27]. The cells were restimulated with the T2
cell line previously loaded with the peptides and in the
presence of b2-microglobulin plus rIL-2 and rIL-15. Cyto-
toxicity assays were performed on day 21 after purification
of CD8 + T lymphocytes by using the EasySep Negative
Human CD8 + kit (StemCell Tech).

Cytotoxicity assays

CaSki cells, previously cultured in the presence of rhIL-10 or
cocultured with MSCs, in the presence or absence of the human
IL-10 neutralizing specific antibody (1.8mg/mL) at different
ratios (1:100, 1:50, and 1:25), were used as target cells after
labeled with [51Cr] (Amersham). Different numbers of effector
cells in 50mL of a complete medium were incubated, and then
104 [51Cr]-labeled target cells were added to triplicate wells of
96-well plates. After 4 h at 37�C, 100mL of the supernatant was
harvested and transferred to counting vials and measured on a
g-counter (Cobra Becton Dickinson). For each pretreated cell
group [51Cr], labeled cells incubated with 5% SDS or medium
alone were used to determine maximum and spontaneous re-
leases. Spontaneous release was usually less than 10% and
never exceeded 15%. The percentage of specific lysis of each
well was calculated as (experimental release–spontaneous re-
lease)/(maximal release–spontaneous release) · 100.

Statistical analysis

All numerical data were expressed as average of values
obtained – SD of experiments made by triplicate. Comparisons
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were evaluated by multivariate statistical analysis using
Statistical software, version 9.0.0 (SPSS, Inc.). A P-value
< 0.05 was considered significant.

Results

MSCs from BM, NCx, and CeCa showed similar
patterns of cell surface antigen expression

The presence of MSCs had not been demonstrated in NCx
or in CeCa tissue. To test this, MSC cultures were established
from NCx and CeCa samples and evaluated for expression of
cell surface antigens described for BM-MSCs [28]. As ex-
pected, MSCs derived from all sources showed a null or dim
expression of hematopoietic markers (i.e., CD14, CD34, and
CD45), as well as CD133, CD62L, and CD31 (Table 1). In
contrast, they all expressed the adhesion molecules CD29,
CD44, CD49b, CD58, CD166, and several other cell surface
molecules that have been previously reported for BM-MSCs
(i.e., CD105, CD73, CD90, and CD13; Table 1) [28]. In addi-
tion, MSCs from these sources were positive for HLA-ABC
(class I) and negative for HLA-DR (class II). Interestingly,
major differences in the expression of certain antigens were
observed. Indeed, 50% of BM-MSCs expressed CD49b,
whereas in NCx- and CeCa-MSCs, the proportion was sig-
nificantly higher (99% and 99%, respectively; Table 1). Fur-
thermore, we observed a significantly higher expression of
CD54 in NCx-MSCs (80%) and CeCa-MSCs (64%), as com-
pared to BM-MSCs (25%).

Distinct differentiation potentials of MSCs
from BM, NCx, and CeCa

MSCs have the ability to differentiate into adipocytes,
osteoblasts, and chondrocytes [28]. Adipogenic induction

was apparent in MSC preparations from BM by intracellular
accumulation of lipid-rich vacuoles that stained with Oil Red
O (Fig. 1A). In contrast, in NCx-MSCs and CeCa-MSCs, we
did not observe cells with adipocitic morphology (Fig. 1B, C);
only fibroblastoid cells with Oil Red O-positive spots in their
cytoplasm were detected. Osteogenic differentiation was
observed in all MSC samples, as determined by calcium
deposition and defined by von Kossa staining (Fig. 1D–F).

Differentiation toward the chondrogenic lineage was as-
sessed by formation of a matrix-rich, multilayered mass ac-
companied by accumulation of sulfated proteoglycans, as
evidenced by Alcian blue staining (Fig. 1G–I). Interestingly, a
distinct type of cartilage formation was observed in pelleted
micromasses from NCx and CeCa compared to BM (Fig. 1J–
O). Indeed, we observed that in pelleted micromasses from
BM samples, cells grouped into small clusters located in the
same area, a feature typical of hyaline cartilage [29]; (Fig. 1J,
M). In contrast, pelleted micromasses from NCx and CeCa
showed minimal matrix formation and predominance of fi-
brous collagen deposition (as indicated by blue color when
using Mason’s trichromic stain; Fig. 1K, L, N, O), which in-
dicates the presence of fibrocartilage formation [30].

MSCs from cervix were negative for HPV infection

MSCs derived from the three sources were analyzed to
determine the presence of HPV virus by PCR. The CaSki cell
line and CeCa tissue samples from patients, both positive for
HPV16 + infection, were used as positive controls and the
HeLa cell line was used as a negative control. As shown in
Fig. 1P and Q, there were no positive MSCs for HPV infec-
tion in contrast to the primary tumor sample from which
MSCs were obtained.

CeCa-MSCs downregulate the expression
of HLA-class I molecules on CeCa cells

It has been clearly demonstrated that MSCs participate in
the formation of tumor stroma and support the growth of
neoplastic cells [31]; however, little is known about the way
MSCs favor tumor growth. Our hypothesis was that since
antigen presentation through HLA class I molecules on the
cell membrane of tumor cells is essential for recognition by
CTLs, MSCs may favor tumor growth by inducing alter-
ations in the expression of HLA class I molecules on tumor
cells.

To test this, we performed cocultures of CaSki cells with
MSCs derived from BM, NCx, and CeCa, in transwell
chambers and analyzed the effect of MSCs on the constitu-
tive expression of HLA class I molecules on CaSki cells. We
observed that, as the number of MSCs was increased in
culture, HLA class I molecule expression on CaSki cells di-
minished in a ratio-dependent manner (Fig. 2A). After 96 h,
the lowest expression was present at a 1:1 MSC:CaSki cells
ratio (Fig. 2C) diminished by 65%, 30%, and 58% in the
presence of BM-, NCx-, and CeCa-derived MSCs, respec-
tively (Fig. 2A), while the HLA-A2 allele was decreased by
77%, 30%, and 62% under the same culture conditions (Fig.
2B). It is noteworthy that HLA class I antigen expression on
CaSki cells gradually decreased throughout time (Fig. 2C, D).
Interestingly, when the transwells containing MSCs were
removed and the media culture was changed by a fresh one,

Table 1. Antigen Expression Profiles on MSCs

from BM, NCx, and CeCa

Ag BM NCx CeCa

CD105 89 – 12 99 – 0.2 97 – 1
CD73 97 – 3 99 98 – 0.8
CD90 85 – 14 99 – 0.3 94 – 5
CD13 98 – 0.9 99 99 – 0.1
HLA-ABC 94 – 9 99 – 0.4 97 – 1
CD29 95 – 7 99 – 0.6 96 – 1
CD44 89 – 13 99 – 0.5 99 – 0.2
CD49b 50 – 14 99a 99 – 0.1a

CD58 75 – 32 98 – 1 87 – 12
CD166 92 – 11 99 – 0.1 95 – 6
CD14 2 – 2 1 – 0.5 3 – 1
CD34 0.1 – 0.2 4 – 3 1 – 0.6
CD45 0.5 – 0.5 2 – 0.5 1 – 0.1
CD31 1 – 0.7 1 – 0.6 1 – 0.1
CD133 1.4 – 0.4 1.7 – 1 0.8 – 0.1
CD62L 0.3 – 0.3 1 – 0.2 1
HLA-DR 2 – 3 1 – 1 1 – 0.1
CD54 25 – 17 80 – 16a 64 – 6a

Expression of cell markers was determined by flow cytometry.
Results represent mean – SD and correspond to the proportion (%) of
cells positive for each particular antigen.

aSignificantly different (P < 0.05) from values shown for BM (BM,
n = 5; NCx, n = 5; CeCa, n = 5).

MSCs, mesenchymal stromal cells; BM, bone marrow; NCx,
normal cervix; CeCa, cervical cancer.
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after 96 h of cell coculture, CaSki cells recovered the basal
expression of both total HLA class I molecules and the HLA-
A2 allele (Fig. 2C, D, respectively). These results suggested
that soluble factors, secreted into the culture media when
MSCs were present, induced downregulation of HLA class I
molecules on the tumor cell line, and this effect was strongly
increased in the presence of CeCa-MSCs, although in all the
cases, it was reversible after removal of MSCs.

To determine if MSC cocultures have the same effect on
different cell types, C33A and HeLa, CeCa cell lines were
cocultured during 96 h with MSCs by using transwell
chambers, and then the total expression of the HLA class I
molecules was determined. Similar to the CaSki cell line,
HLA class I downregulation on these different cell types was
strongly favored in the presence of CeCa-MSCs and BM-
MSCs, but not in the presence of NCx-MSCs (data not
shown). These results indicate that downregulation of HLA-

class I molecules by CeCa-MSCs also occurs in different
CeCa cell lines via soluble factors.

IL-10 contained in conditioned media
from CeCa-MSC/CaSki cell cocultures induced
HLA class I downregulation on CeCa cells

Conditioned media from cultures of BM-, NCx-, CeCa-
derived MSCs, as well as from MSC/CaSki cell cocultures,
were obtained and evaluated to determine the possible
presence of soluble cytokines capable of inducing down-
regulation of HLA class I on tumor cells. Some authors have
reported the capacity of IL-10 to induce HLA class I down-
regulation on tumor cells [32,33]. To determine the presence
of IL-10 in the conditioned media from the different culture
conditions, we evaluated the presence of IL-10 by ELISA. In
conditioned media from BM-MSC/CaSki and CeCa-MSC/

FIG. 1. Functional characterization of mesenchymal stromal cells (MSCs) from bone marrow (BM), normal cervix (NCx),
and cervical cancer (CeCa). MSCs from the three sources (BM, n = 5; NCx, n = 5; CeCa, n = 5) were cultured in the adipogenic,
osteogenic, and chondrogenic induction medium for 14, 21, and 28 days, respectively. Adipogenic differentiation was
indicated by accumulation of neutral lipid vacuoles that stained with Oil Red O. Arrows indicate cytoplasmic granules
positive to staining. Scale bar = 20 mm, (A2C). Osteogenic differentiation was indicated by calcium deposition, which stained
with von Kossa dye. Scale bar = 20 mm, (D2F). Chondrogenic differentiation was indicated by the chondrogenic matrix
colored by Alcian blue in cryosections from pelleted micromass. Scale bar = 200 mm, (G2I). Chondrogenic differentiation was
analyzed by morphology and collagen content in cryosections from pelleted micromass. Scale bar = 200 mm and 20 mm, ( J2L)
and (M2O panels are inset from J2L), respectively. In samples from BM, the presence of small clusters of cells, surrounded by
a condensed matrix located in the same area, is evident [hyaline cartilage; ( J) and (M, inset from J)]. In samples from NCx and
CeCa, numerous collagenous fibers, colored by Mason’s trichromic dye (blue), are visible as large irregular bundles between
groups of chondrocytes [fibrocartilage; (K), (L), (N, inset from K), and (O, inset from L)]. One representative experiment is
showed. In (P, Q), detection and typing of HPV were performed by PCR assay. Amplification pattern shows a conserved
region of 450 bp in the L1 HPV open reading frame obtained after amplification on CeCa tissue. No bands were detected in
BM-, NCx-, and CeCa-derived MSCs (BM, n = 5; NCx, n = 5; CeCa, n = 5) (P). The CaSki cell line positive for HPV16 + infection
was used as a positive control and the Hela cell line HPV18 + was used as a negative control. b-actin (230 bp) was used as an
internal control (Q). One representative experiment is showed.
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CaSki cocultures, we detected higher IL-10 concentrations
( > 1.2 ng/mL), as compared to those from CaSki (0.32 ng/
mL), BM-MSCs (0.4 ng/mL), NCx-MSCs (0.25 ng/mL), and
CeCa-MSCs (0.6 ng/mL) and also NCx-MSCs/CaSki
(0.62 ng/mL). Indeed, we detected the highest level of IL-10
in the conditioned media from CeCa-MSC/CaSki cocultures
(Fig. 3A).

To determine in a more precise manner, the possible
participation of IL-10 in HLA downregulation, a specific
neutralizing anti-IL-10 antibody was added to CaSki cell
cultures established in the presence of 40% conditioned
media from MSCs and MSC/CaSki cocultures. As shown in
Fig. 3B, the addition of anti-IL-10 significantly reestablished
the expression of HLA class I and HLA-A2 on CaSki cells.
On the other hand, total HLA class I as well as HLA-A2
downregulation was also observed when CaSki cells were
cultured in the presence of increasing amounts of rhIL-10
(0.125–4 ng/mL), and in the same manner, the addition of
anti-IL-10 significantly reestablished the expression of
HLA molecules on CaSki cells (Fig. 3C). These data indi-
cated that when interacting in coculture, CeCa tumor cells
and/or MSCs—particularly those from CeCa or normal
BM—increased their capacity to secrete IL-10, and that this
cytokine is one of the responsible ones in inducing HLA
downregulation on CeCa cells.

CeCa-MSCs favor protection of CeCa cells
from cytotoxic T cell activity via IL-10

To analyze whether the reduced expression of HLA class I
molecules on CaSki cells—induced by MSCs in the cell co-
culture system—affect their recognition by immune cells, T
lymphocytes derived from HPV16 + CeCa patients, positive
for the HLA-A2 allele, were stimulated with antigenic pep-
tides that specifically bind to the HLA-A*0201 allele [27,34],
and then challenged against CaSki cells, previously cultured
in the presence of rhIL-10 or cocultured with MSCs, in the
presence or absence of the human IL-10 neutralizing specific
antibody. In all the experiments, T lymphocytes stimulated
with E7 epitopes were always capable to lyse the T2 cell line
loaded with the proper antigenic peptide and no reactivity
on CaSki cells was observed when T lymphocytes were pre-
viously stimulated with an irrelevant peptide GILGFVFTL
derived from the protein matrix of the influenza-A (data not
shown).

As expected, after T cell stimulation, we observed that
T lymphocytes were able to lyse CaSki cells in a dose-
dependent manner (Fig. 4A). However, when T stimulated
lymphocytes were challenged with CaSki cells previously
cocultured with CeCa-MSCs and BM-MSCs at a 1:1 ratio, the
cytotoxic activity was strongly decreased by 65%–75% in

FIG. 2. CeCa- and BM-derived MSCs strongly diminished the expression of HLA class I molecules on CeCa cells. BM-,
NCx-, and CeCa-derived MSCs (BM, n = 5; NCx, n = 5; CeCa, n = 5) were seeded into the upper wells in transwell chambers
and cocultured at different ratios 1:100, 1:10, and 1:1 with CaSki cells added to the bottom wells. After 96 h, the expression of
total HLA class I molecules (A) or HLA-A2 allele (B) was determined by flow cytometry on CaSki cells cultured alone ( ) or
cocultured with MSCs as indicated in Materials and Methods. The expression of total HLA class I molecules (C) and HLA-A2
allele (D) on CaSki cells was also monitored after 24, 48, 72, and 96 h of coculture with MSCs (at ratio 1:1). Thereafter, the
transwell chamber containing MSCs was removed and the medium of the CaSki cells was changed for a fresh one. Expression
of HLA molecules on CaSki cells was determined after 24 and 48 h of cell culture. The mean fluorescence intensity (MFI) – SD
from 10,000 events is depicted in each cell treatment. *Indicates significant differences (P < 0.05%) and ** (P < 0.005%) in
comparison to CaSki cells cultured alone. The data are representative of three independent experiments.
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relation to that observed on CaSki cells or CaSki cells pre-
viously cocultured with NCx-MSCs (Fig. 4A). The cytotoxic
activity of T stimulated lymphocytes was also decreased by
60% on CaSki cells, previously cultured in the presence of
rhIL-10 (1 ng/mL; Fig. 4A). In contrast, when T lymphocytes
were challenged with CaSki cells previously cocultured with
BM-MSCs, CeCa-MSCs, or pretreated with hrIL-10 in the
presence of neutralizing anti-IL-10 antibodies, the immune
recognition of tumor cells was reestablished (Fig. 4B). On
the other hand, T lymphocytes showed no cytotoxic activity
on the three types of MSCs in the absence or presence of
neutralizing anti-IL-10 antibodies (Fig. 4C, D). These results

support the notion that MSCs have a negative effect on the
immune recognition of tumor cells by T cells by down-
regulating expression of HLA class I molecules and that IL-
10 plays a key role in this process.

Discussion

MSCs have been shown to possess an immunosuppressive
activity [35] and contribute to create a specific tumor mi-
croenvironment that promotes tumor survival through im-
munosuppression conditions that favor the evasion of tumor
from the immune system [4,5]. Previous reports have shown

FIG. 3. IL-10 produced in
the MSC/CaSki cell cocul-
tures diminished the expres-
sion of HLA class I molecules
on CeCa cells. (A) ELISA as-
say was performed to deter-
mine the content of IL-10 in
conditioned media derived
either from MSCs cultured
alone or MSC/CaSki cell co-
cultures at a 1:1 ratio (BM,
n = 5; NCx, n = 5; CeCa, n = 5).
(B) CaSki cells were cultured
in the presence of 40% (-)
of the conditioned media
derived from either MSC
cultures or MSC/CaSki co-
cultures at a 1:1; or with 40%
of these conditioned media
plus 1.8 mg/mL of rabbit anti-
human IL-10 neutralizing
specific antibody (,). (C)
CaSki cells were also cul-
tured in the presence of
increasing amounts of hrIL-
10-from 0.125 ng/mL to
4 ng/mL (-), or with these
amounts of hrIL-10 plus
1.8 mg/mL of rabbit anti-
human IL-10 neutralizing
specific antibody (,). After
96 h, the total HLA class I
molecules (HLA-I) and HLA-
A2 allele expression on CaSki
cells was determined by flow
cytometry (B, C). The mean
fluorescence intensity (MFI) –
SD from 10,000 events is de-
picted in each cell treatment.
Significant differences, *(P <
0.05) and **(P < 0.005) were
obtained in comparison to
CaSki cells treated with their
own conditioned media. The
data are representative of
three independent experiments.
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the isolation of MSCs from several tumors [8–13]; however,
the presence of MSCs has not been demonstrated in NCx or
in CeCa tissue. Following this, and taking into consideration
the immunossupressive properties of MSCs [35], we rea-
soned that the presence of these cells in cervical tumors may
represent an important immunoselective advantage for tu-
mor cells to evade the immune recognition.

To test this notion, in the present study, we evaluated the
presence of MSCs in NCx and CeCa and analyzed their in
vitro capacity to modulate the immune recognition of tumor
cells by T cells. We characterized, in a comparative manner,
MSCs from the cervix with those from BM in terms of their
immunophenotype and differentiation potential. The present
study is, to our knowledge, the first study describing the
presence of MSCs in the cervix.

As a first approach, we determined the characteristics of
BM-, NCx-, and CeCa-derived MSCs, according to the min-
imal criteria proposed by the ISCT [28]. It is important to
indicate that throughout this study, MSCs were used at the
second passage, to avoid cellular heterogeneity in primary
cultures. In terms of the immunophenotype, the major anti-
gens described for BM-MSCs, such as CD73, CD105, and
CD90 [24,36,37], were also expressed on NCx- and CeCa-
derived MSCs. CD13 expression was high and homogeneous
in all samples from the three sources, as we previously re-
ported for cord blood- and placenta-derived MSCs [24]; thus,

CD13 could represent a specific marker for MSCs from sev-
eral sources, including the cervix. Expression of CD49b and
CD54 was much higher in NCx and CeCa than in BM and
these results may reflect that MSCs derived from the cervical
tissue are a subpopulation of MSCs—as discussed by others
[38]—since they share many MSC properties, but differ in
their adipogenic differentiation potential and in the expres-
sion of some adhesion molecules. It is also noteworthy that
the higher expression of integrins in cervical MSCs may be of
importance in homing to cervical tissue [39].

In terms of differentiation potential, our results show that,
in contrast to those derived from BM, NCx- and CeCa-
derived MSCs were not able to differentiate toward the adi-
pogenic lineage; similar results were reported by our own
group for cord blood-derived MSCs [24]. A loss of adipogenic
differentiation capacity might be caused by tumor cells
through attenuation of TP53 expression that promotes osteo-
blast differentiation [40], thus possibly inhibiting differenti-
ation into adipocytes. MSCs from all three sources showed
osteogenic and chondrogenic potential, which demonstrates
the multipontentiality of MSCs derived from NCx and CeCa;
however, as in BM, these results may suggest that cultures of
MSCs could represent an admixture of morphologically,
phenotypically, and functionally different cells, as some au-
thors have proposed [41,42]. Interestingly, fibrocartilage was
observed in assays from NCx and CeCa, whereas hyaline

FIG. 4. IL-10 produced in the MSC/CaSki cell cocultures diminishes the recognition of CeCa cells by CTLs. CaSki cells were
cultured in transwell chambers alone or in the presence of 1 ng/mL of hrIL-10, as well as with BM-, NCx-, or CeCa-MSCs at a
ratio of 1:1 (BM, n = 5; NCx, n = 5; CeCa, n = 5), in the absence (A) or presence of neutralizing anti-IL-10 antibody (B). After
96 h, CaSki cells were harvested and challenged against CTLs (CD8 + T lymphocytes) specific for peptides TLGIVCPIC and
YMLDLQPETT derived from the E7 HPV16 + protein, which is expressed in CaSki cells by HLA-A2. CTL cytolytic activity
was tested by a standard 4 h [51Cr] release assay at different ratios 100:1, 50:1, and 25:1 effector:target cells (E:T). The CTL
cytolytic activity was also performed on BM-, NCx-, or CeCa-MSCs obtained from the cell cocultures with CaSki either in the
absence (C) or presence (D) of neutralizing anti-IL-10. *Indicates significant differences (P < 0.05%) in comparison to CaSki
cells cultured alone. The data are representative of three independent experiments and shown as mean values – SD.
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cartilage was predominant in pelleted micromass from BM,
which suggests distinct functional capacities between MSCs
from NCx and CeCa compared with BM. Together, these
results shown some differences in functional capacities of
MSCs from three sources, however, studies on gene expres-
sion are necessary for a better description of them. Finally,
we determined that MSCs derived from NCx and CeCa were
negative for HPV infection; thus, HPV does not seem to di-
rectly affect the biologic properties of MSCs from the cervix.

We have previously shown the presence of immunologic
mechanisms that favor evasion of tumor cells from the cy-
totoxic activity by CTLs in CeCa, in which, HLA class I ex-
pression is involved [26]; in this context, it is possible that
those MSCs we detected in CeCa tumor samples participate
in such a mechanism. To test this, we analyzed the effect of
MSCs on the expression of HLA class I molecules on CeCa
cell lines. We observed that in the absence of cell–cell contact,
BM- and CeCa-, but not NCx-derived MSCs induced a
strong decrease in HLA class I and HLA-A2 expression on
different CeCa cell lines, which was dependent on the ratio
and time of coculture. This effect was clearly dependent on
the presence of MSCs in the coculture, since after MSC re-
moval, CeCa cells recovered their HLA class I and HLA-A2
basal expression in the first 24 h, suggesting that soluble
factors produced in MSC/CeCa cell cocultures were re-
sponsible for this effect. This observation was corroborated
when conditioned media obtained from these cocultures
produced a significant diminution in HLA class I and HLA-
A2 expression on CaSki cells.

The decrease observed in the expression of HLA anti-
gens on CaSki cells may be due to the production of
immunosuppressive molecules by MSCs. Indeed, a cytokine-
mediated cross talk between MSCs and cancer cells has also
been reported [1]. Furthermore, it has been reported that
molecules produced by MSCs induce reduced expression of
MHC class I on APCs, resulting in APCs unable to support
T cell response and pushing APCs away from a proin-
flammatory (TNF-a, IL-12) phenotype toward an anti-
inflammatory (IL-10 production) phenotype [18,19,43]. In
this context, it is known that IL-10 is a pleiotropic cytokine
produced by cancer cells [44] and MSCs [19] and that
downregulates HLA class I expression and protects tumor
cells from allo-specific CTLs [20].

Taking into consideration that IL-10 could influence the
decrease of HLA class I expression on CaSki cells cocultured
with MSCs, we determined the presence of this cytokine in
conditioned media derived from MSC/CaSki cocultures and
evaluated the effect of rhIL-10 on such antigen expression.
We found that, as compared with the levels observed in
conditioned media from cultures of CaSki cells, IL-10 was
increased 3.7-fold in conditioned media from CaSki cells
cocultured with BM-MSCs, 1.9-fold in those cocultured with
NCx-MSCs, and 4.5-fold in those cocultured with CeCa-
MSCs. Such IL-10 levels may simply be the sum of the in-
dividual production of IL-10 by MSCs and tumor cells in
cocultures with NCx-MSCs, but in those with BM-MSCs or
CeCa-MSCs, where the IL-10 production was higher than the
proper sum of the individual cell types, these differences
could be the result of the cross talk between CaSki and MSCs
during cell coculture through transwell plates, as recently
was reported by Liu and cols. [45], who found that rat-
derived BM-MSCs increased the IL-10 intracellular expres-

sion after transwell cell coculture with dendritic cells, sug-
gesting MSC activation in such cell cocultures. In this regard
and in trying to determine which is the source of the IL-10 in
our cocultures, we have observed, in preliminary assays, that
BM-MSCs and CeCa-MSCs in coculture with CaSki cells in-
creased the IL-10 intracellular expression in comparison with
their respective monocultures, however, it is possible also
that CaSki cells increase IL-10 expression; these two aspects
are under investigation. We cannot exclude the possibility
that the increase in IL-10 secretion observed in CeCa-MSC-
conditioned media compared with that of NCx-MSCs, could
be due to an increase in the number of tumor-associated
fibroblasts (TAFs) in tumor, since it has been reported that
TAFs secrete cytokines with direct immunosuppressive ef-
fects such as IL-10 [38].

On the other hand, conditioned media from BM- and
CeCa-derived MSCs and rhIL-10 decreased the HLA class I
expression on CaSki cells, suggesting an important partici-
pation of this cytokine in such a decrease. Addition of anti-
IL-10 neutralizing antibodies to the cocultures or cultures in
the presence of rhIL-10, significantly inhibited the effect of
IL-10 in HLA-I and HLA-A2 expression on CaSki cells.
However, other factors different than IL-10 and also pro-
duced in these cocultures, could contribute to downregulate
the HLA class I expression on CaSki cells and gene expres-
sion profiling of the three different MSC populations, might
also be helpful in this respect.

Since loss or downregulation of HLA class I molecules
seems to be an important mechanism of cancer cells to evade
immune recognition by CTLs [16], we analyzed if CaSki cells
previously cocultured with MSCs or rhIL-10 fail to be rec-
ognized by CTLs. We found that CaSki cells previously co-
cultured with BM-MSCs, CeCa-MSCs, and rhIL-10 were
weakly recognized by peptide-specific CTLs; addition of
neutralizing anti-IL-10 Ab in such previous cultures strongly
recovered the recognition of CaSki cells by CTLs. No changes
in the cytotoxicity percentage was observed in CaSki cells
when they were cocultured with NCx-MSCs, which suggests
distinct functional capacities between MSCs from NCx
compared with BM and CeCa, which may be related with the
lowest concentration of IL-10 we detected in the conditioned
media of the former. Taken together, these results indicate
that IL-10 plays an important role in the downregulation of
HLA class I molecules on tumor cells by MSCs, and that this
seems to be a key mechanism through which, MSCs protect
to cancer cervical cells of cellular immune response by CTLs.

In fact, in CeCa patients, higher expression of IL-10 in
cervical tissue correlates with higher grade lesions [46], thus,
the presence of MSCs in the tumor microenviroment may
strongly contribute to increase the production of IL-10, and
so, to downmodulate HLA class I expression on tumor cells.
In this regard, the effects of IL-10 on the expression of mol-
ecules associated with the antigen processing machinery are
also being analyzed and also if BM-MSCs and CeCa-MSCs
are capable of MHC class I downregulation on non-CeCa
cells.

On the other hand, it is known that a complete loss of
human HLA class I molecules on tumor cells results in
evasion to cytotoxic T lymphocyte-mediated lysis, but
eventually, tumor cells may result susceptible to natural
killer (NK) cell-mediated killing, since NK cells are an im-
portant arm of the innate immune system directly involved
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in the spontaneous recognition and lysis of virus-infected
and tumor cells [47]. However, other associated mechanisms
can also contribute to an impaired innate, as well as adap-
tative, antitumor immune response. For example, IL-10 can
contribute by increasing HLA-G expression on HLA class I-
deficient cells to escape from NK-mediated lysis through
interactions with killer inhibitory receptors on NK cells
[48,49]. In CeCa lesions, the expression of both HLA-G and
IL-10 associated with HPV infection might play an important
role in CeCa progression [50,51]. In fact, it has been recently
reported that in tissue samples from biopsies derived from
patients with CeCa and with loss or downregulation of HLA
class I expression, most of the HLA-G-positive cases (87.5%)
exhibited upregulation of the IL-10 [52]. According to our
results, CeCa-MSCs can contribute to impairing the antitu-
mor immune response by downregulating HLA class I ex-
pression on CeCa cells through IL-10 secretion, however,
further studies are necessary to resolve whether HLA-G ex-
pression is also induced in CeCa cells in our experimental
model.

In summary, we have demonstrated the presence of MSCs
in NCx and CeCa. Some differences were observed in terms
of their differentiation capacity, as compared to their normal
marrow counterpart, but immunophenotype analysis
showed great similarities. Our results suggest that the pres-
ence of MSCs in CeCa tumors could contribute to generate
an immunoselective event that provides advantage for tu-
mor cells to escape host immune surveillance and nullify
adoptive cancer immunotherapy, and in this manner, MSCs
may play a crucial role in supporting tumor cell growth.
Further studies are warranted to elucidate if MSCs partici-
pate in some other biologic mechanisms involved in the
evasion of immune response by tumor cells.
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