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Our previous study showed that exogenous human mesenchymal
stem cells (hMSCs) targeted established osteosarcoma and pro-
moted its growth and pulmonary metastasis in vivo. As a follow-
up, the present study aimed to investigate how hMSCs would
interact with Saos-2 through autocrine ⁄ paracrine communication.
The results showed that co-injection of hMSCs with Saos-2
into the proximal tibia of nude mice could promote tumor growth
and progression. In vitro, the proliferation of Saos-2 and hMSCs
was promoted by each other’s conditioned medium, in which
interleukin-6 (IL-6) played an important role. Osteogenic differen-
tiation of hMSCs could be inhibited by conditioned medium of
Saos-2, in which IL-6 was also involved. Furthermore, decreased
IL-6 secretion by hMSCs during its osteogenesis and increased IL-6
secretion in response to conditioned medium of Saos-2 were
observed. Based on these data, we suggest that there was a
positive feedback loop of IL-6 in the interaction between hMSCs
and Saos-2. (Cancer Sci 2010; 101: 2554–2560)

T he origins of invasive and metastatic phenotypes of carci-
noma cells are areas of intense research interest. Although

some present models indicate these phenotypes as cell-autono-
mous alterations characteristic of the genomes of cancer cells,
alternative views propose that growth and metastatic traits of
tumor are acquired through exposure of epithelial cancer cells to
paracrine signals that are secreted by mesenchymal cell types
within the tumor-associated stroma. Although several lines of
evidence indicate the contributions of stromal cells to primary
tumor growth,(1) direct experimental demonstration of the influ-
ence of these various cells on the growth and metastatic abilities
of cancer cells has been difficult to obtain. This is due, to some
extent, to the complexity of the mesenchymal cell types that are
recruited into the stroma, and to the elusive nature of the puta-
tive paracrine signals that are exchanged between the mesenchy-
mal and epithelial compartments of a tumor.

Mesenchymal stem cells (MSCs) in bone marrow are capable
of differentiating into osteoblasts, adipocytes, and chondrocytes.
In addition, these cells are stromal cells, which are structural
components of bone marrow that support ex vivo culture of
hematopoesis by providing extracellular matrix components,
cytokines and growth factors.(2–5) Therefore, MSCs have consid-
erable therapeutic potential in several disease processes, includ-
ing cardiovascular disease,(6) as well as in the treatment of
human malignancies.(7–11) Recently, the relationship between
MSCs and tumors has been highlighted by some interesting
results. Hung et al.(12) showed that MSCs could target micro-
scopic tumors, subsequently proliferate and differentiate, then
contribute to the formation of a significant portion of tumor
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stroma in human colon cancer. Khakoo et al.(13) provided
evidence that human MSCs (hMSCs) exerted potent antitumori-
genic effects in a model of Kaposi’s sarcoma. The results from
an elegant study by Karnoub et al.(14) showed that MSCs within
tumor stroma promoted breast cancer metastasis.

Osteosarcoma (OS) is the second most common primary
malignant bone tumor. Poor prognosis occurs in most patients
due to lack of specific clinical symptoms in the early stages of
the disease. More importantly, more than half of patients treated
by surgery alone develop metastases within 6 months, and more
than 80% develop recurrent disease within 2 years of diagnosis
without adjuvant chemotherapy.(15) Although integrated multi-
modal therapies have achieved great improvements in overall
survival, the mechanisms underlying the development, progres-
sion, and metastasis of OS remain elusive.

Our previous study(16) showed that exogenous hMSCs tar-
geted the OS site and promoted its growth and pulmonary
metastasis in nude mice. As a follow-up, the present report is
aimed at elaborating how hMSCs would interact with Saos-2
after its recruitment to the tumor site. We established an animal
model by co-injecting Saos-2 and hMSCs into the proximal tibia
of nude mice. The tumor volume and pathological manifesta-
tions were examined. Then we established a ‘‘cell–cell interac-
tion through autocrine ⁄ paracrine’’ model in vitro to investigate
the interaction between hMSCs and Saos-2.

Materials and Methods

Cell cultures, GFP labeling, and conditioned medium (CM)
preparation. Human MSCs were grown in a-MEM (Gibco,
Grand Island, NY, USA) supplemented with 10% FBS
(Hyclone, Tauranga, New Zealand) and antibiotics (penicillin
100 U ⁄ mL, streptomycin 100 lg ⁄ mL; Hyclone, Logan, UT,
USA) in a humidified atmosphere at 37�C with 5% CO2. Pas-
sage 3 hMSCs were incubated with adenovirus–GFP with
150 MOI at 37�C in 5% CO2 overnight.

Human Saos-2 was purchased from the Chinese Academy of
Sciences (Shanghai, China) and grown in a-MEM supplemented
with 10% FBS and antibiotics in 37�C humidified atmosphere
with 5% CO2.

Conditioned medium was prepared as previously described.(17)

Human MSCs (20 000 cells ⁄ cm2), Saos-2 (20 000 cells ⁄ cm2),
and 293T (20 000 cells ⁄ cm2) were seeded and cultured for
6 h. The cells were then further cultured with serum-free
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medium for 24 h. The medium was collected, filtered through
a 0.22 lm filter, and stored at )20�C until use.

Tumor xenografts in nude mice. Study protocols involving
mice were approved by the Animal Ethics Committee of Shang-
hai Jiaotong University School of Medicine (Shanghai, China).
Thirty-eight BALB ⁄ c male nude mice (5 weeks of age) were
purchased from the Chinese Academy of Sciences, and were
divided into three groups: the hMSCs group (n = 11); the Saos-
2 group (n = 13); and the hMSCs + Saos-2 group (n = 14). Fifty
microliters of suspension of hMSCs (2 · 108 cells ⁄ mL), Saos-2
(2 · 108 cells ⁄ mL), or hMSCs + Saos-2 with 1:1 ratio
(2 · 108 cells ⁄ mL) was injected into the right proximal tibia of
the mice.(18) After 8 weeks of injections, the mice were killed
by excess pentobarbital. In situ tumor and blood were harvested
for alkaline phosphatase (ALP) quantification assay,(19) radio-
graphic examination, and pathological analysis.

After injection, the volume of OS was measured at 1-week
intervals until the animal was killed. The volume of tumor was
calculated by using the following equation, as reported previ-
ously:(18) volume = 0.2618 · L · W · (L + W), where W was
an average of the distance at the proximal tibia at the level of
the knee joint in the anterior–posterior and medial–lateral
planes, and L was the distance from the most distal extent of the
distal tumor margin to the proximal tumor margin.

MTT assay. The MTT assay was done according to the manu-
facturer’s instructions (Sigma-Aldrich, St Louis, MO, USA).
Briefly, 1 · 103 cells were seeded in a 96-well plate in 150 lL
cell culture medium. At each indicated time point, MTT solution
was added to each well and the plates were incubated for 3–4 h;
subsequently, DMSO (Sigma-Aldrich) was added to the wells
for 5 min. The plates were then read at 570 nm using an auto-
mated plate reader (Perkin-Elmer, Waltham, MA, USA).

Osteogenic differentiation assay of MSCs. To induce osteo-
genic differentiation, hMSCs were treated with 10 nM dexa-
methasone, 10 mM b-glycerophosphate, 50 lg ⁄ mL ascorbate
phosphate, and 10 nM 1,25-dihydroxyvitamin D3.

The mRNA expression of osteopontin (OPN) and osteocalcin
(OC) was detected by real-time PCR at day 21 after osteogenic
induction, as previously reported.(20) Briefly, total RNA of cells
was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions. After reverse
transcription reaction, real-time PCR was carried out by an
ABI 7900HT system (Applied Biosystems, Carlsbad, CA,
USA) using SYBR Premix Ex Taq (Takara, Dalian, China)
according to the manufacturer’s instructions. We used GAPDH
as the internal control. The primer sequences used for this
analysis were: OPN, 5¢-CTCCATTGACTCGAACGACTC-3¢
(forward) and 5¢-CAGGTCTGCGAAACTTCTTAGAT-3¢ (re-
verse); OC, 5¢-CACTCCTCGCCCTATTGGC-3¢ (forward)
and 5¢-CCCTCCTGCTTGGACACAAAG-3¢ (reverse); and
GAPDH, 5¢-ATGGGGAAGGTGAAGGTCG-3¢ (forward) and
5¢-GGGGTCATTGATGGCAACAATA-3¢ (reverse).

Detection of cytokines and growth factors in cell-free
supernatant. Seventy-nine different cytokines and growth fac-
tors in CM were screened using Human Cytokine Array V (Ray-
Biotech, Norcross, GA, USA) according to the manufacturer’s
instructions. The signal intensities of the cytokine spots were
quantified using the HD-2001 Chip Reader (Shanghai HealthDi-
git, Shanghai, China). For each spot, the net signal intensity was
determined by subtracting the background level from the total
raw signal intensity.

ELISA and neutralization antibody assay. Human MSCs or
Saos-2 were cultured in complete medium for 24 h, then the
complete medium was replaced by serum-free medium. After
2 h, the CM was harvested, centrifuged to remove particulate
matter, and stored at )20�C until analyzed. Quantitation of
interleukin-6 (IL-6) secreted into the medium was determined
using a quantitative sandwich ELISA for human IL-6 according
Bian et al.
to the manufacturer’s instructions (R&D Systems, Minneapolis,
MN, USA). To impede the activity of IL-6, IL-6 neutralization
antibody (Peprotech, Rocky Hill, NJ, USA) was added to the
CM from Saos-2 or hMSCs.

siRNA knockdown. The MSCs were transfected with gene-
specific siRNA against IL-6 or negative scramble control
according to manufacturer specification (Thermo Scientific,
Austin, TX, USA). After transfection, cells were plated for pro-
liferation assays and RNA harvest.

Statistical analysis. Statistical significance was calculated by
Student’s t-test for two-sample comparisons and one-way ANOVA

was used for multiple comparisons in SPSS version 16.0 (SPSS,
Chicago, IL, USA). Tukey’s test was used to find significant dif-
ferences in ANOVA. Statistical significance was analyzed on data
from at least three independent experiments. P-values <0.05
were defined as significant. All data are presented as the
mean ± SD unless otherwise specified.

Results

Development and progression of OS in vivo with or without
hMSCs co-injection. As shown in our previous study,(16) exoge-
nous hMSCs through the caudal vein could target the OS site
and then promote its growth in vivo. We believe that this promo-
tion results from not only the adduction of OS with exogenous
hMSCs, but more importantly, the intrinsic interaction between
them, which has been strongly confirmed in many other
tumors.(7–14) In the present study, we injected Saos-2 with or
without co-injection of hMSCs labeled with GFP into the proxi-
mal tibia of nude mice to compare the growth and development
of tumor. Larger tumor volume was observed from week 3 to
week 8 in the group co-injected with hMSCs, relative to the
group without co-injection (Fig. 1A). Furthermore, statistically
significant enhancement of ALP levels was observed in response
to co-injection of hMSCs (Fig. 1B). These results were sup-
ported by general and fluorescence observations, radiographic
examination, and pathologic analysis of the limb with tumor
(Fig. 1C–N), in which hMSCs labeled with GFP were observed
to obtain fine fusion with tumor stroma.

Interaction between hMSCs and Saos-2 through paracrine
in vitro. The aforementioned observations indicated that hMSCs
and Saos-2 might supply locally acting cues that interact
with each other to promote growth and progression of OS.
However, tumor growth in vivo has been proven to be very
complicated. So many factors are involved, including not only
cell–cell interaction but cell dynamics and the fate of
co-injected hMSCs in the tumor stroma, that it is difficult to
investigate which molecule(s) mediated interaction between
hMSCs and Saos-2 through this in vivo animal model. To
understand this cross-talk better, we established a ‘‘cell–cell
interaction through autocrine ⁄ paracrine’’ model in vitro. The
CM of hMSCs (hMSCs-CM) and Saos-2 (Saos-2-CM) was
prepared to treat Saos-2 and hMSCs, respectively. The CM of
293T cells was used as the control. The results of the MTT
assay showed that there was no change in proliferation of
hMSCs in response to Saos-2-CM during the first 2 days,
which was enhanced from day 4 to 8 (Fig. 2A). Accordingly,
the proliferation of Saos-2 in response to hMSCs-CM showed
the same pattern as above (Fig. 2B).

Then we used osteogenic medium (OM) to induce hMSCs to
undergo osteogenic differentiation, in which Saos-2-CM or
293T-CM (as control) was added. The expression levels of ALP,
OPN, and OC were investigated. The results showed that the
expression levels of ALP, OPN, and OC were downregulated in
response to Saos-2-CM during osteogenic induction (Fig. 2C).

Screen for some cytokines involved in the interaction between
hMSCs and Saos-2. To determine which molecule(s) might
mediate interaction between hMSCs and Saos-2, the CM
Cancer Sci | December 2010 | vol. 101 | no. 12 | 2555
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Fig. 1. Growth and progression of osteosarcoma (OS) in vivo in response to co-injection of human mesenchymal stem cells (MSCs). (A) OS
volume. *P < 0.05, hMSCs + Saos-2 versus Saos-2. (B) Alkaline phosphatase (ALP) in blood. *P < 0.05. (C,G,K) General observation of OS. (D,H,L)
X-ray examination. (E,I,M) Pathological analysis. (F,J,N) Fluorescent photographs. Green arrows, injected cells; red arrows, mean hMSCs labeled
with GFP; yellow arrows, site of injection. Results are expressed as the mean ± SD.
of hMSCs and Saos-2 were screened for the levels of various cyto-
kines, chemokines, and growth factors using Human Cytokine
Array V, depicted in Figure 3(A). Of these, high levels of IL-6 in
the CM of both hMSCs and Saos-2 were observed (Fig. 3B).

Effect of IL-6 on proliferation of hMSCs and Saos-2 and
osteogenic differentiation of hMSCs. In stem cell biology, IL-6
family cytokines play an important role in the maintenance of
stem cells. Interleukin-6 enhances proliferation in placenta-
derived MSCs,(19) and is highly expressed in cord blood(21) and
bone marrow-derived MSCs.(22) It is also integral to normal
stromal cell function and osteoclast activation.(23,24) More
importantly, the interaction of hMSCs with Saos-2 caused a rise
in the level of IL-6 in an in vitro co-culture model, which
implied that IL-6 might be involved in the interaction between
them, at least part (Bian et al., unpublished data, 2007). There-
fore, in following experiments, we focussed on assessing
2556
whether IL-6 was involved in interaction between hMSCs and
Saos-2.

We exposed these cells to culture medium containing rhIL-6
at series concentrations from 5 to 20 ng ⁄ mL. The results from
MTT showed that 5 and 10 ng ⁄ mL IL-6 could enhance prolifer-
ation of hMSCs statistically (Fig. 4A). Likewise, 5, 10, and
20 ng ⁄ mL IL-6 had the same effect on Saos-2 (Fig. 4B).

Interesting data came from the proliferation of hMSCs in
response to 20 ng ⁄ mL IL-6. It did not enhance the proliferation
of hMSCs in a dose-dependent manner, relative to 5 and
10 ng ⁄ mL. Considering the much higher secretion level of IL-6
by hMSCs, we hypothesized that the high level of IL-6 secreted
by hMSCs, together with the exogenous 20 ng ⁄ mL IL-6, led to
a ‘‘saturation’’ in the effect of IL-6 on the proliferation of
hMSCs. To verify this hypothesis, we blocked IL-6 autocrine
of hMSCs (Fig. 4C) and Saos-2 (Fig. 4D) by siRNA knockdown
doi: 10.1111/j.1349-7006.2010.01731.x
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Fig. 2. Interaction between human mesenchymal stem cells (hMSCs)
and Saos-2 through paracrine in vitro. Conditioned medium (CM) of
hMSCs (hMSCs-CM), 293T (293T-CM), and Saos-2 (Saos-2-CM) was
prepared and added to the culture medium of Saos-2 and hMSCs. At
the indicated time points, MTT assay was used to monitor hMSCs (A)
and Saos-2 (B) proliferation. Osteogenic induction medium was used
to induce hMSCs to undergo osteogenic differentiation, in which
Saos-2-CM or 293T-CM was added. Alkaline phosphatase (ALP)
quantification assay and real-time PCR for osteopontin and
osteocalcin were carried out (C). Results are expressed as the
mean ± SD. *P < 0.05; **P > 0.05.

(A)

(B)

Fig. 3. Screen for cytokines involved in the interaction between
human mesenchymal stem cells (hMSCs) and Saos-2. Conditioned
medium of hMSCs and Saos-2 were screened in the present study and
plotted for their relative secretion levels (A). The results were
expressed as standardized signal intensity. Interleukin-6 (IL-6)
secretion volume by 106 hMSCs and Saos-2 for 2 h was assayed (B).
Results are expressed as the mean ± SD. BDNF, brain-derived
neurotrophic factor; FGF-6, fibroblast growth factor; IGFBP, insulin-
like growth factor binding protein; MCP-1, monocyte chemotactic
protein-1; PDGF-BB, platelet-derived growth factor-BB; RANTES,
regulated upon activation, normally T-expressed, and presumably
secreted; SCF, stem cell factor; TIMP, tissue inhibitor of
metalloproteinases; VEGF, vascular endothelial growth factor.
of IL-6, then exposed them to exogenous IL-6 at series concen-
trations. The dose-dependent enhancement of hMSCs by exoge-
nous IL-6 from 5 to 20 ng ⁄ mL was recovered following block
Bian et al.
of IL-6 autocrine (Fig. 4A), which supported our hypothesis.
The same results were observed in Saos-2 (Fig. 4B).

We then exposed hMSCs to OM containing rhIL-6 at
20 ng ⁄ mL concentration to investigate the effect of IL-6 on
osteogenic differentiation of hMSCs. The results showed that
expression levels of ALP, OPN, and OC were downregulated in
response to rhIL-6 during osteogenic induction (Fig. 4E).

Involvement of IL-6 in interaction between hMSCs and Saos-2.
Having observed the interaction between hMSCs and Saos-2
(Fig. 2) and the effect of rhIL-6 on their proliferation and osteo-
genic differentiation (Fig. 4A,B,E), we then asked whether IL-6
was involved in the interaction between them through auto-
crine ⁄ paracrine. We blocked IL-6 autocrine of hMSCs and
Saos-2 by siRNA knockdown, then exposed them to hMSCs-
CM, Saos-2-CM, IL-6 silenced hMSCs-CM, and IL-6 silenced
Saos-2-CM. The results from MTT assay showed that hMSCs
Cancer Sci | December 2010 | vol. 101 | no. 12 | 2557
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Fig. 4. Involvement of interleukin-6 (IL-6) in the interaction between human mesenchymal stem cells (hMSCs) and Saos-2. Human MSCs (A) and
Saos-2 (B) with and without IL-6 knockdown were exposed to rhIL-6 from 5 to 20 ng ⁄ mL, and MTT assay was used. These two cells were
transfected with siRNA against IL-6. At the indicated time points, real-time PCR was carried out to assess knockdown of IL-6 in hMSCs (C) and
Saos-2 (D). Human MSCs were exposed to osteogenic induction medium (OM) containing rhIL-6 at 20 ng ⁄ mL. Alkaline phosphatase (ALP)
quantification assay and real-time PCR were carried out for osteopontin (OPN) and osteocalcin (OC) (E). Conditioned medium (CM) of hMSCs and
Saos-2 with and without IL-6 knockdown was added to the culture medium of Saos-2 and hMSCs. At indicated time points, MTT assay was used
to monitor hMSC (F) and Saos-2 (G) proliferation. Osteogenic induction medium was used to induce hMSCs to undergo osteogenic
differentiation, in which Saos-2-CM in combination with anti-IL-6 antibody (whole IgG as control) was added. The ALP quantification assay and
real-time PCR were carried out for OPN and OC (H). Results are expressed as the mean ± SD. *P < 0.05; **P > 0.05.
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Fig. 5. Interleukin-6 (IL-6) secretion by human mesenchymal stem
cells (hMSCs) during osteogenic differentiation and in response to
Saos-2 conditioned medium (CM). Osteogenic induction medium was
used to induce hMSCs to undergo osteogenic differentiation. At the
indicated time points, IL-6 secretion was assayed (A). Human MSCs
were exposed to culture medium containing Saos-2-CM at gradients
from 100% to 0%. Interleukin-6 secretion of hMSCs was assayed (B).
Results are expressed as the mean ± SD. *P < 0.05; **P > 0.05.

Fig. 6. Positive feedback loop of interleukin-6 (IL-6) in interaction
between human mesenchymal stem cells (hMSCs) and Saos-2 based on
data in the current study.
and Saos-2 could enhance their own proliferation through IL-6
autocrine. More importantly, IL-6 played an essential role in
enhancement of hMSC proliferation by Saos-2-CM, and vice
versa (Fig. 4F,G). We then used OM to induce hMSCs to
undergo osteogenic differentiation, in which Saos-2-CM with or
without anti-IL-6 antibody was added. The results showed that
anti-IL-6 antibody rescued inhibition of osteogenic differentia-
tion of hMSCs in response to Saos-2-CM, to at least a large
extent (Fig. 4H).

Interleukin-6 secretion by hMSCs during osteogenic differen-
tiation and in response to Saos-2-CM. Having observed the
inhibition of osteogenic differentiation of hMSCs by IL-6
(Fig. 4E,H), we supposed that IL-6 secretion by hMSCs might
decrease gradually along with its osteogenic differentiation pro-
cess. To confirm this hypothesis, we investigated the secretion
level of IL-6 by hMSCs during osteogenesis. As Figure 5(A)
shows, IL-6 secretion decreased eventually at days 7 and 14
after osteogenic differentiation of hMSCs compared with day 0,
although not to a statistically significant extent. However, there
Bian et al.
was a remarkable decrease in IL-6 secretion at days 21 and 28,
compared with day 0.

Finally, we studied IL-6 secretion by hMSCs in response to
Saos-2-CM. Human MSCs were exposed to culture medium
containing Saos-2-CM at gradients from 100% to 0%. The result
showed that IL-6 secretion by hMSCs was elevated as the dose
of Saos-2-CM increased (Fig. 5B).

Discussion

In the rapidly expanding field of cancer research, increasing
attention has been paid to the relationship between stem cells
and tumor cells. A lot of data have been gathered. However, it is
because of controversial and even contrary results that there is
no definite conclusion concerning whether stem cells promote or
inhibit tumorigenesis and development until now.

Mesenchymal stem cells have been shown to contribute to tis-
sue regeneration and to the formation of fibrous scars at the sites
of injury.(25,26) Tumors are regarded as ‘‘wounds that do not
heal’’.(27) Recent reports indicate that MSCs contribute to tumor
growth. When injected i.v. into mice pre-implanted with tumor-
bearing xenografts such as breast cancer,(11) gliomas,(8,9) colon
carcinomas,(12,17) and melanomas,(10) MSCs were recruited spe-
cifically to the developing tumors.

Some cases show that hMSCs home to sites of tumorigenesis,
where they inhibit tumor cell function. For example, hMSCs
home to sites of Kaposi’s sarcoma, and potently inhibit tumor
growth in vivo by downregulating Akt activity in tumor cells
that are cultured with hMSCs prior to transplantation in animal
tumor models.(13) However, other cases indicate that stem cells
could promote tumor cell function. For example, Karnoub
et al.(14) showed that MSCs within stroma promote breast cancer
metastasis, in which CCL5 played an essential role. Our previ-
ous study(16) showed that exogenous hMSCs targeted the OS site
and promoted its growth and pulmonary metastasis in vivo, in
which SDF-1 and CCL5 were involved. Furthermore, the results
from the present study showed that co-injection of hMSCs with
Saos-2 into proximal tibia of nude mice could promote tumor
growth and progression in vivo.

The aforementioned controversial results reflect the complex-
ity of interactions between stem cells and tumor cells. Obvi-
ously, it is vital to elucidate the molecular mechanisms
Cancer Sci | December 2010 | vol. 101 | no. 12 | 2559
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underlying these interactions, whether MSCs support or inhibit
tumor growth. But great difficulties come from direct applica-
tion of in vivo animal models in investigations into the molecu-
lar mechanisms because of intense involvement of many
uncertain factors, such as cell dynamics and the fate of MSCs in
tumor stroma. So in the current report, we established a cell–cell
interaction through autocrine ⁄ paracrine model in vitro.

Autocrine ⁄ paracrine is one of the most fundemental modes of
interaction between MSCs and tumor cells. In the current study,
we observed that the proliferation of hMSCs and Saos-2 was
promoted by each other’s CM. Osteogenic and adipogenic dif-
ferentiation processes of hMSCs could be inhibited by CM of
Saos-2 in vitro. Both hMSCs and Saos-2 can secrete many cyto-
kines, chemokines, and growth factors. To screen for target
cytokines that are likely to mediate interaction between these
two cell types, a cytokine array was used, which indicated that
IL-6 might be a potential target.

Interleukin-6 is a pleiotropic cytokine that plays a significant
role in the growth and differentiation, two opposing mecha-
nisms, of cells. Several studies have addressed the role of IL-6
in tumor cell growth in vitro, but its exact role remains varied
and unclear. There are reports indicating IL-6 as a growth factor
in cancer disease for myeloma ⁄ plastocytoma, renal cell carci-
noma, cervical carcinoma, AIDS Kaposi’s sarcoma-derived
cells, and certain T- and B-cell lymphomas.(28–33) Honma
et al.(34) showed no significant effect on cell proliferation of
human breast cancer cell lines (SK-BR-3 and MCF-7) but cell
2560
proliferation was significantly increased when IL-6 and estrone
sulfate were simultaneously added to the incubation medium.

In the current study, we found that hMSCs and Saos-2 could
enhance their own proliferation through IL-6 autocrine. More
importantly, IL-6 played an essential role in enhancement of
hMSC proliferation by Saos-2-CM, and vice versa. Osteogenic
differentiation of hMSCs could be inhibited by CM of Saos-2, in
which IL-6 was involved. Furthermore, decrease in IL-6 secre-
tion by hMSCs during its osteogenic differentiation and increase
in IL-6 secretion in response to CM of Saos-2 were observed.
Based on these data, we suggest that there was a positive feed-
back loop of IL-6 in interaction between hMSCs and Saos-2
(Fig. 6).
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