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Mesenchymal stem cells (MSCs) have the potential to be the source for cell-based

therapies. However, MSCs can undergo malignant transformation in a tumor

microenvironment where a high level of interleukin (IL)-6 is present. In this study,

we investigated the role of IL-6 and signal transducer and activator of transcrip-

tion 3 (STAT3) signaling in malignant transformation of MSCs. Rat MSCs were

isolated and indirectly cocultured with C6 glioma cells. Coculture of MSCs with

astrocytes was used as a control. After 7 days of culture, the cells were assessed

for malignant transformation using MTT assay and immunofluorescence staining.

The levels of hepatocyte growth factor, IL-6, and basic fibroblast growth factor,

and the expression of STAT3 and soluble IL-6 receptor in the cultured cells and

conditioned media were measured using RT-PCR, ELISA, and Western blot analy-

sis. The expression levels of STAT3 downstream targets, CyclinD1 and Bcl-xl, were

determined as well. Our data showed that almost all of the MSCs became pheno-

typically malignant after indirect coculture with glioma cells, which was con-

firmed by tumor formation assays when these cells were injected into nude mice.

The expression of IL-6 was significantly increased in MSCs cocultured with glioma

cells, which was associated with significantly increased expressions of soluble

IL-6 receptor, transmembrane glycoprotein GP130, STAT3, phosphorylated STAT3,

CyclinD1, and Bcl-xl. Similar results were obtained when the MSCs were treated

with IL-6. Treatment of the cocultured MSCs and glioma cells with STA-21, to

block the constitutive STAT3 signaling, reduced the risk of MSC tumor-like trans-

formation in the tumor microenvironment. These data suggest that IL-6 plays a

critical role in malignant transformation of rat MSCs, which is associated with an

enhancement of the STAT3 signaling pathway in the tumor microenvironment.

M esenchymal stem cells (MSCs) have the potential for
broad clinical applications, including cell-based therapy

and graft-versus-host prevention. These cells have some unique
characteristics including antitumor effects, low immunogenic-
ity, and potent proliferation potential.(1–3) However, MSCs
have been shown to undergo malignant transformation,
although the underlying mechanism(s) is unknown.(4,5) It is
reported that malignant transformation of MSCs could occur
after long-term in vitro culture,(6) suggesting that cellular
microenvironment changes might be associated with the malig-
nant transformation of MSCs.
Studies have indicated that the C6 glioma microenvironment

is abnormally rich in hepatocyte growth factor (HGF), interleu-
kin (IL)-6, basic fibroblast growth factor (bFGF), and other
JAK signaling molecules that are involved in the growth of
many tumors.(7,9,10) Interleukin-6 and its receptors are critically
involved in the process of inflammation and tumorigene-
sis.(23,24) Soluble IL-6 receptor (sIL-6R) is responsible for
binding with IL-6 and then coupling with the transmembrane
glycoprotein GP130 to initiate intracellular signaling through

activation of the JAK and signal transducer and activator of
transcription 3 (STAT3) pathway.(8,11,12) As a cytoplasm pro-
tein that is coupled with the JAK signaling pathway, STAT3
plays an important role in cellular functions, including cell
proliferation and antiapoptotic activity.(13) Its main target
genes include cell proliferation-associated protein CyclinD1
and antiapoptotic-related protein Bcl-xl.(15) An excessive acti-
vation of STAT3 could lead to abnormal cell proliferation, and
promote tumor formation and progression.(12,14) Recently, we
showed that rat MSCs became malignant cancer cells when
exposed to the tumor microenvironment, and factors, including
IL-6, released from the cancer cells played a critical role in
the malignant transformation of MSCs.(17) The present study
investigated the role of JAK signaling molecules in mediating
the effect of IL-6 on malignant transformation of MSCs.

Materials and Methods

Culture and characterization of rat MSCs. Adult Wistar rats
(40 � 10 g each) and neonatal Wistar rats (0–3 days old) were
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purchased from the Experimental Animal Center at Daping
Hospital (Third Military Medical University, Chongqing,
China). The experimental protocol was approved by the Ani-
mal Usage and Welfare Committee at Chongqing Medical Uni-
versity (Chongqing, China). Rat bone marrow MSCs were
prepared and cultured as described previously.(16) Briefly,
MSCs from male Wistar rats were isolated and cultured in
DMEM ⁄F12 (Invitrogen, Carlsbad, CA, USA) with 10% FBS

(TBD, Tianjing, China), at 37°C with 5% CO2 and 95%
humidity. At 90% confluence, the cells were subcultured for
four passages and harvested for phenotypic characterization
and differentiation as described previously.(17) For phenotypic
characterization, the cells were fixed and prepared for immu-
nofluorescence staining for CD71 and CD105 as described pre-
viously.(1) The cell preparations were exposed to mouse anti-

(a)

(b)

Fig. 1. Identification of astrocytes and
mesenchymal stem cells (MSCs). (a) Using
immunofluorescence staining, the cytoplasm of
astrocytes and C6 glioma cells were stained
positive for glial fibrillary acidic protein (GFAP).
(b) Immunofluorescence staining showed that
MSCs were stained positive for CD71 and CD105.

(a)

(b)

Fig. 2. Characteristics of mesenchymal stem cells (MSCs) after cocul-
ture with C6 glioma cells. (a) Microscopic examination revealed that
the cells showed tumor cell-like morphology a few days after indirect
coculture with C6 glioma cells. (b) MTT assay showed the cells after
indirect coculture with C6 glioma cells had a growth curve identical to
that of cultured glioma cells with a much faster cell proliferation rate
than that of control cells. *P < 0.05 compared to control cells.

(a)

(b)

Fig. 3. Tumor growth in nude mouse after injection of mesenchymal
stem cells (MSCs) cocultured with C6 glioma cells. (a) H&E staining of
tissue at cell injection sites in nude mice showed clusters of tumor
cells after injection of glioma cells or MSCs cocultured with C6 glioma
cells. Only skeletal muscle cells were visualized at the sites injected
with the normal control cells. (b) Tumor growth curve in nude mice
after injection of MSCs into the mouse nail pads. The xenograft
volume was measured every 5 days up to 30 days following cell
inoculation.
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CD71 (1:100; Abcam, Cambridge, UK) and rabbit anti-CD105
(1:100; Abcam). Goat anti-mouse tetramethylrhodamine isothi-
ocyanate-conjugated antibody (1:50) and goat anti-rabbit
FITC-conjugated antibody (1:50) were used as the secondary
antibodies.

Culture and characterization of rat astrocytes. Astrocytes were
prepared from the cortex of neonatal Wistar rats, and cultured
as previously described.(18) Briefly, cells were isolated and cul-
tured in DMEM ⁄F12 with 10% FBS at 37°C with 5% CO2

and 95% humidity. Confluent cultures were shaken at 1000g
overnight, and the medium was changed the next morning.
After the third night of culture and shaking, the cells were
trypsinized and cultured for 24 h in the presence of 10 lM
cytosine arabinoside. After reaching confluence again, the cells
were subcultured into 6-well plates and grown for an addi-
tional 3 weeks. At this point, the cultures contained 93–100%
type 1 astrocytes, as determined with immunochemical staining
for glial fibrillary acidic protein (GFAP).

Indirect coculture of MSCs with rat glioma C6 cells and astro-

cytes. Mesenchymal stem cells (1.5 9 106 cells ⁄mL) were
cocultured in DMEM ⁄F12 with indirect coculture with C6
cells (1.5 9 106 cells ⁄mL) or astrocytes in a 6-well Tran-
swell chamber. After 7 days of indirect coculture with C6
cells or astrocytes, MSCs were collected for analysis. The
experiment was divided into four groups: (i) experimental
group (MSCs and C6 glioma indirect coculture); (ii) positive
control (cultured C6 glioma cells); (iii) negative control
(MSCs and astrocytes indirect coculture); and (iv) cultured
MSCs.

Inhibition of STAT3 by STA-21. To examine the effect of inhi-
bition of STAT3, MSCs cocultured with C6 glioma cells were
treated with different doses (0–50 lM) of STAT3-specific
inhibitor STA-21 (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) for 24 h. The compound of STA-21 was solubilized in
DMSO (100 mmol ⁄L), which was further diluted in injectable
saline for animal studies.(28)

Enzyme-linked immunosorbent assay for HGF, IL-6, bFGF, and

sIL-6R. The conditioned media of the cells in each group were
analyzed for HGF, IL-6, bFGF, and sIL-6R levels using an
ELISA kit (Westang, Shanghai, China) according to the manu-
facturer’s instructions. Sandwich ELISA protocols were used,

and calibration was done with standard HGF, IL-6, bFGF, and
sIL-6R provided in the kit.

Quantitative real-time PCR analysis. Quantitative real-time
PCR assay was used to assess the transcriptional expression of
tumor-related genes including p53, MDM2, STAT3, CyclinD1,
and Bcl-xl. Total RNAs were extracted from cells, and
reverse-transcribed with a kit from TaKaRa (Otsu, Japan) for
the assay using a SYBR Green dye kit (TaKaRa) as described
previously.(19) b-actin was used as the endogenous housekeep-
ing gene to normalize the mRNA levels. The specific primers
were: p53, 5′-gccatctacaagaagtcacaacac-3′ (forward) and 5′-ctgt
cgtccagatactcagcatac-3′ (reverse); MDM2, 5′-ctatcgggtcacagtct
atcagg-3′ (forward) and 5′-agttctcacgaagggtccaac-3′ (reverse);
STAT3, 5′-ggcatcaatcctgtggtata- ac-3′ (forward) and 5′-cttggt
ggtggacgag aac-3′ (reverse); CyclinD1, 5′-gcatctacact- gaca-
actctatc-3′ (forward) and 5′-ttgttctcatccgcctctg-3′ (reverse); and
Bcl-xl, 5′-cacagc agcagtttggatg-3′ (forward) and 5′-ggatgttagat-
cactgaatgc-3′ (reverse). The results were expressed as the mean
of 2-DDCt (calculated according to the manufacturer’s instruc-
tions) � SD.

Immunofluorescent staining. All the cell preparations were
incubated with the primary antibodies against p53 (mouse
monoclonal, 1:80; Santa Cruz Biotechnology), MDM2 (mouse
monoclonal, 1:80; Santa Cruz Biotechnology), STAT3 (mouse
monoclonal, 1:20; Abcam), or p-STAT3 (mouse monoclonal
1:100; Cell Signaling Technology, Danvers, MA, USA), and
the astrocytes were incubated with the primary antibody
against GFAP (mouse monoclonal, 1:100; Thermo Fisher
Scientific, Waltham, MA, USA) overnight, followed by expo-
sure to the corresponding tetramethylrhodamine isothiocya-
nate-conjugated secondary antibodies (1:100 goat anti-mouse
and goat anti-rabbit; Santa Cruz Biotechnology) at 37°C for
1 h. The cells were subsequently examined using a BX51 fluo-
rescence microscope (Olympus, Tokyo, Japan).

Western blot analysis. Cell lysates were prepared from each
group for Western blot analysis to determine the expression
level of tumor-related proteins P53, MDM2, STAT3,
p-STAT3, GP130, CyclinD1, and Bcl-xl. After preparation, the
samples were incubated with mouse anti-P53, MDM2 mAb
(1:200; Santa Cruz Biotechnology), STAT3 mAb (1:20;
Abcam), p-STAT3 mAb (1:100; Cell Signaling Technology),
and CyclinD1 and Bcl-xl antibodies (1:1000; Epitomics,
Burlingame, CA, USA), mouse anti-rat b-actin mAb (1:5000;
Boster Bio-engineering, Wuhan, China) as recommended by
the manufacturers. The preparations were then exposed to
goat anti-mouse or rabbit antibody (1:2000; Zhongshan Bio-
engineering, Beijing, China) in PBS.

Cell counting after IL-6 treatment. The MSCs were divided
into two groups: the experimental group (MSCs cultured with
excessive IL-6); and the control group (MSCs cultured without
IL-6). Cell growth curves were obtained for each group after 1
and 2 months of culture to determine the effect of IL-6 on pro-
moting the proliferation of MSCs and malignant transforma-
tion.

Cell viability assay. Cell viability was assayed by measuring
blue formazan that was generated from MTT by mitochondrial
dehydrogenase, which is active only in live cells. Cells in each
group were seeded in 96-well flat-bottomed microtiter plates
(3000–5000 cells ⁄well), and were incubated for 1–7 days at
37°C with 5% CO2 and 95% O2. Then MTT was added to
each well and incubated for 4 h at 37°C. The formazan prod-
uct was dissolved by adding 200 lL DMSO to each well, and
absorbance was read at 490 nm. All measurements were

Fig. 4. Levels of hepatocyte growth factor (HGF), interleukin (IL)-6,
and basic fibroblast growth factor (bFGF) detected in the conditioned
media from mesenchymal stem cells (MSCs) cocultured with C6 glioma
cells. Analysis with ELISA showed that expression levels of HGF and
IL-6 were increased significantly in the MSC media cocultured with C6
glioma cells, whereas bFGF expression was not significantly changed
in MSCs cocultured with tumor cells compared to the control group.
No significant difference in the expression of HGF, IL-6, or bFGF was
observed in the control group.

© 2013 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | January 2014 | vol. 105 | no. 1 | 66

Original Article
Interleukin-6 induces malignant transformation www.wileyonlinelibrary.com/journal/cas



carried out in triplicate, and each experiment was repeated at
least three times.

In vivo tumorigenesis. Six-week-old SPF grade male BALB ⁄ c
nude mice were purchased from the Experimental Animal Cen-
ter at Chongqing Medical University. These mice were fed a
standard rodent diet and water ad libitum in an aseptic laminar
flow room with 60–70% humidity at 25°C. A total of 50 lL cell

preparations in each group (containing 2 9 106 tumor cells)
was injected into the nail pad of the mice s.c. The tumors were
harvested 4–8 weeks after transplantation, and examined
morphologically and cytohistologically using standard H&E
staining.

Statistical analysis. All data were expressed as the mean �
SD, and statistically analyzed using one-way ANOVA. The

(a)

(d)

(e)

(b)

(c)

Fig. 5. Expression of interleukin (IL)-6, soluble IL-6 receptor (sIL-6R), transmembrane glycoprotein GP130, signal transducer and activator of
transcription 3 (STAT3), p-STAT3, CyclinD1, and Bcl-xl in mesenchymal stem cells (MSCs) cocultured with tumor cells. (a) Immunofluorescence
staining showed that the membrane of MSCs cocultured with C6 glioma tumor cells, and glioma tumor cells themselves, showed strong staining
for GP130 protein, whereas the control cells did not show any significant staining. (b) Analysis with ELISA indicated that IL-6 and sIL-6R were sig-
nificantly increased in the conditioned media from MSCs cocultured with C6 glioma cells or directly from the tumor cells. (c) Quantitative RT-PCR
analysis showed that mRNA levels for STAT3, CyclinD1, and Bcl-xl in MSCs cocultured with C6 glioma cells were significantly increased compared
to control cells (*P < 0.05; **P < 0.05; ***P < 0.05). (d) Western blotting data indicated that the protein expression of STAT3, p-STAT3, CyclinD1,
and Bcl-xl in MSCs cocultured with C6 glioma cells was significantly increased compared to the control groups. (e) Immunofluorescence staining
revealed the presence and cellular distribution of STAT3 and p-STAT3 in MSCs under various treatments.
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differences were considered statistically significant when
P < 0.05.

Results

Identification of astrocytes and MSCs. To ensure that the cells
used in the present study were astrocytes and MSCs, the
phenotype of the cells was determined by measuring the spe-
cific cell markers for rat astrocyte GFAP and MSC CD71 and
CD105, respectively. As shown in Figure 1(a), more than 95%
of the astrocytes and C6 glioma cells under immunofluores-
cence staining were positive for GFAP, but the ratio of the
expression of MSCs was only 13%, confirming that these cells

were astrocytes. As expected, more than 95% of the cells
stained double-positive for CD71 and CD105, confirming that
these cells were MSCs (Fig. 1b,c).

Transformation of MSCs to tumor cells in simulated tumor

microenvironment. As shown in Figure 2(a), the morphology
of the cells cocultured with C6 glioma cells was signifi-
cantly changed. The cytoplasm contracted toward the perinu-
clear area, and the cells became longer and thinner with
smaller nuclei compared to normal MSCs, which were simi-
lar to the glioma cells. The cells in this group also grew
much faster than the normal MSCs. The growth curve of
the MSCs cocultured with C6 glioma cells was similar to
that of glioma cells, as shown in Figure 2(b) (P < 0.05),

(a)

(c)

(d)

(b)

(e)

Fig. 6. Characteristics of mesenchymal stem cells (MSCs) after treatment with interleukin (IL)-6. (a) The appearance of MSCs after treatment
with the same amount (200 pg ⁄mL) of IL-6 was changed and the morphology was similar to that of tumor cells. (b) Cell growth curve for MSCs
treated with IL-6 for 2 months was similar to that of C6 glioma cells. (c) Quantitative RT-PCR analysis data showed that mRNA levels for P53,
MDM2, and signal transducer and activator of transcription 3 (STAT3) in MSCs treated with IL-6 were significantly increased compared to control
cells. (d) Western blotting data showed that the protein expression levels of P53, MDM2, and STAT3 in IL-6-treated MSCs was significantly
increased compared to control cells. (e) Immunofluorescence staining confirmed the increased intracellular protein levels of P53, MDM2, and
STAT3 in MSCs treated with IL-6.
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suggesting malignant transformation of MSCs after coculture
with C6 glioma cells.

In vivo tumor formation by MSCs cocultured with C6 glioma

cells. In order to determine the tumorigenicity of the cells after
malignant transformation, the MSCs cocultured with C6 gli-
oma cells or with normal cells were injected into nude mice.

Thirty days after the injection, the injected MSCs cocultured
with C6 glioma cells or glioma cells themselves developed
into an invasive tumor that was composed of undifferentiated
cells and infiltrated to the peripheral musculus, as examined by
H&E staining (Fig. 3a). After the injection, the volume of
invasive tumors in nude mice for each group was measured
every day by rule, as shown in Figure 3(b). Tumor growth and
progression were similar for cells cocultured with C6 glioma
cells, and glioma cells alone. The invasive tumors in the two
groups grew much faster than in the normal group, further sug-
gesting the malignant nature of the cells after coculture with
C6 glioma cells. No tumor growth was observed after injection
of normal MSCs or MSCs cocultured with normal astrocytes.

Expression of HGF and IL-6, not bFGF, was increased in MSCs

cocultured with C6 glioma cells. As shown in Figure 4, the lev-
els of HGF and IL-6 were significantly increased in the condi-
tioned media of the MSCs cocultured with C6 glioma cells
compared to that of normal MSCs or the MSCs cocultured with
normal astrocytes (P < 0.01). However, no significant change
in the expression of bFGF was observed in the cells cocultured
with C6 glioma cells (P > 0.05). There was no significant dif-
ference in the expression of HGF, IL-6, or bFGF between nor-
mal MSCs and the cells cocultured with astrocytes. Analysis
with ELISA showed that the level of sIL-6R in the conditioned
media of glioma cells and the cells cocultured with C6 glioma
cells was also significantly increased (Fig. 5a) along with an
increased expression of the membrane protein GP130 (as deter-
mined by immunofluorescence staining in these cells as com-
pared with normal MSCs (Fig. 5b) (P < 0.05).

Expression of STAT3, p-STAT3, CyclinD1, and Bcl-xl increased in

MSCs cocultured with C6 glioma cells. Analyses using quantita-
tive RT-PCR (Fig. 5c) and Western immunoblotting (Fig. 5d)
showed that expression of STAT3, p-STAT3, CyclinD1, and
Bcl-xl was significantly increased in the MSCs cocultured with
C6 glioma cells compared to the normal controls (P < 0.05).
Immunofluorescence staining data showed that STAT3 and p-
STAT3 proteins were located in the cell nucleus as expected
(Fig. 5e). Similar results were obtained from the cultured
malignant glioma cells (P > 0.05).

Interleukin-6 promoted proliferation of MSCs and expression

of P53, MDM2, and STAT3 in MSCs. As shown in Figure 6(a),
normal MSCs displayed the characteristic morphology of
enlarged and fibroblast-like cells in a well-organized orienta-
tion, whereas the MSCs became smaller and longer with
reduced cytoplasm around the nucleus after 1 and 2 months of
culture with an excessive amount of IL-6 (200 pg ⁄mL). The
cells also grew much faster after 2 months of treatment with

(a) (b)

(c) (d)

Fig. 7. Injection of mesenchymal stem cells
(MSCs) treated with interleukin (IL)-6 generated
tumor formation in nude mice. (a) Tumors were
observed in nude mice at the site injected with
MSCs treated with IL-6 (arrow). (b) H&E staining of
tissue from the cell injection site showed clusters of
tumor cells with necrosis in the center (arrow).
(c) No tumor growth was observed in nude mice
after injection of normal control cells. (d) H&E
staining of tissues at the cell injection site in the
control group showed a normal skeletal muscle
structure.

(a)

(b)

Fig. 8. Effect of inhibition of signal transducer and activator of tran-
scription 3 (STAT3) by STA-21. (a) Mesenchymal stem cells (MSCs)
cocultured with C6 glioma cells were treated with 0–50 lM STA-21 for
24 h then the cell proliferation inhibition rate was analyzed using
MTT. (b) Western blotting data showed that the protein expression
levels of STAT3, p-STAT3, CyclinD1, and Bcl-xl in STA-21-treated groups
were significantly increased compared to the group without STA-21
treatment.
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IL-6, as shown in Figure 6(b). The expression of P53, MDM2,
and STAT3 (both mRNAs and proteins) was significantly
increased in the cells after 2 months of treatment with IL-6
over control (Fig. 6c–e) (P < 0.05). The mutant P53 protein
was found in 25.2% of cells treated with IL-6, whereas no
mutant P53 was present in the control MSCs (P < 0.05).
Expression of MDM2 protein was increased significantly, with
32.33% and 87.26% of cells positive for MDM2 in the control
and IL-6-treated cells, respectively (P < 0.05).

Interleukin-6-treated MSCs produced tumor in nude mice.

When IL-6-treated cells were injected into the skin of nude
mice, visible tumor growth was observed in the injection site
3 months after injection (Fig. 7a), whereas no tumor growth
was present at the site injected with control cells (Fig. 7c).
Staining with H&E revealed different sized clusters of amor-
phous tumor cells without specific cell orientation in the injec-
tion site with the IL-6-treated cells (Fig. 7b). Necrotic cells
were visible in the center of some cell clusters. Only normal
skeletal muscle structure was seen on H&E staining in the
inoculation site with control cells (Fig. 7d).

Effect of inhibition of STAT3. As shown in Figure 8(a), MSCs
cocultured with C6 glioma cells were treated with 0–50 lM
STA-21for 24 h and the cell proliferation inhibition rate was
analyzed using MTT. Significant cell growth inhibition was
observed in STA-21 treatment groups compared with the group
without STA-21 treatment (P < 0.05). Analyses using Western
immunoblotting (Fig. 8b) indicated that the expression of
STAT3, p-STAT3, CyclinD1, and Bcl-xl was significantly
decreased in STA-21 treatment groups compared to the group
without STA-21 treatment (P < 0.05).

Discussion

Recently, we showed for the first time that, after indirect
coculture with glioma C6 cells, MSCs showed the characteris-
tics of malignant cells, such as tumor cell-like morphology,
cell proliferation, and cell cycle, development of poorly differ-
entiated tumors, and in vivo invasive behavior.(17) The fact that
rat MSCs underwent malignant transformation after a short
period of indirect coculture with cancer cells clearly indicated
that the tumor microenvironment could be an important deter-
minant for the fate of MSCs.
It has been reported that high levels of HGF, IL-6, bFGF,

and other JAK signaling molecules are present in the C6 gli-
oma microenvironment.(8–10) In the present study, we observed
that the expression of IL-6 is significantly increased in C6
glioma cells and cells cocultured with C6 glioma cells,
whereas the others (HGF and bFGF) were not changed in the

cells after coculture. Interleukin-6 is a multifunctional cyto-
kine, and is an important factor in various diseases including
rheumatoid arthritis, lymphoproliferative disorders, multiple
myeloma, osteoporosis, and Alzheimer’s disease.(26) An
elevated serum IL-6 level has been correlated with poor prog-
nosis in patients with a variety of cancers.(27) Interleukin-6
binds to sIL-6R, and forms a circulating complex.(25) This sol-
uble complex then binds to the cells that express GP130, and
induces intracellular signal transduction and gene expression in
the target cells.(26) In the present study, significantly high lev-
els of IL-6, sIL-6R, and GP130 were detected in MSCs that
were indirectly cocultured with cancer cells, indicating that the
malignant transformation of MSCs is correlated with IL-6. Our
data are consistent with reports from previous studies.(20–22)

It has been shown that increased IL-6 expression can result in
an increase of the expression and nuclear translocation of
STAT3.(22) Interleukin-6 and related STAT3 signaling pathways
play a critical role in the survival of intestinal epithelial cells in
colitis-associated cancer. Constitutive activation of STAT3 pro-
vides cancer cells with growth and survival advantages through
activating multiple signaling pathways and regulations of a
broad range of gene expressions in the cells.(15)

In the present study, the expression and activation of STAT3
(both in vivo and in vitro) and its downstream targets such as
CyclinD1 and Bcl-xl were significantly increased in MSCs
indirectly cocultured with cancer cells, compared to control
cells. Similar results were obtained when MSCs were treated
with a similar level of IL-6 as that in the tumor microenviron-
ment. Additionally, through treating cocultured MSCs with gli-
oma using STA-21, to block the constitutive STAT3 signaling,
the risk of MSC tumor-like transformation in the tumor micro-
environment was reduced. These data suggest that IL-6 and
the related STAT3 signaling pathway might be critically
involved in the malignant transformation of MSCs in a tumor
microenvironment. The information is clinically important in
patient selection for cell-based therapies using MSCs. Caution
should be taken when MSCs are used in patients with an
underlying malignancy.
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