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Abstract

Background: Multiple drug resistance (MDR) of cancer cells is the main cause of in-
trinsic or acquired desensitization to chemotherapy in many cancers. A number of
studies have found high expression of COX-2 to be a factor for expression of MDR
gene in several cancer. Furthermore, adipose tissue derived mesenchymal stem/stro-
mal cells (ADSC) have been found to increase cyclo-oxygenase-2 (COX-2) expression
in some tumour cells. The mechanism for this, however, is not yet clear and needs
further study.

Objective: The purpose of this study was to determine whether tumour necrosis
factor-alpha stimulated gene/protein 6 (TSG-6) secreted from ADSCs is associated
with an increase in MDR genes by inducing COX-2 gene expression in melanoma and
osteosarcoma cell lines.

Methods: ADSCs were transfected with TSG-6 siRNA or Control RNA respected,
and cancer cell line were transfected with COX-2 siRNA or Control RNA respected.
Using trans well coculture system, the interactions of ADSCs with tumour cells were
investigated.

Results: Increased COX-2 expression was observed in cancer cell co-cultured with
ADSCs. Additionally, we identified that COX-2 expression was related to drug resist-
ance genes (P-glycoprotein, multidrug resistance-associated protein). Transfecting
canine ADSCs with small interfering RNA, TSG-6 secreted from ADSCs was found to
be a major factor in the regulation of COX-2 expression and drug resistance genes in
osteosarcoma and melanoma cell lines.

Conclusion: TSG-6 mediated COX-2 up-regulation is a possible mechanism of chem-
oresistance development induced by ADSCs. These findings provide better under-
standing about the mechanism associated with ADSC-induced chemoresistance in

cancer.
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1 | INTRODUCTION

Drug resistance can occur within tumour cells, either due to genetic
changes that increase drug outflow (resistance), or as a result (exog-
enous) of the tumour microenvironment that protects tumour cells
from treatment (Meads et al., (2008)). Although cancer cells develop
various mechanisms of resistance to chemotherapy agents, the first
players implicated in drug resistance are drug transporters from
ABC family (Fantappié et al., 2002). Some members of this family
are primary active transporters, which significantly regulate the ab-
sorption, metabolism, cellular effects and toxicity of pharmacologi-
cal agents (Glavinas et al., 2004). P-glycoprotein (P-gp) or multidrug
resistance-associated protein (MRP) is the best-known transport-
ers and several studies showed that overexpression of these genes
in cancer cells is associated with poor response to chemotherapy
(McKenna and Padua, (1997); Ling, 1997). Therefore, various stud-
ies have been conducted not only in veterinary medicine but also in
human medicine to elucidate the roles of P-gp and MRP1 in various
tumour cells. Overexpression of P-gp in cancer was an intrinsic or ac-
quired process. P-gp confers resistance by preventing sufficient ac-
cumulation of anticancer drugs in cells, thereby preventing cytotoxic
or apoptotic effects (Callaghan et al., 2014). MRP1 is closely related
to drug resistance in many types of cancer. Most of the drugs carried
out of the cell by MRP1 are bulky, hydrophobic molecules, and enter
the cell by simple diffusion across the lipid bilayer of the extracellular
membrane. High expression of MRP1 is known as a negative prog-
nostic marker for early breast cancer, and previous studies show a
strong association between MRP1 expression level and survival time
(Munoz et al., 2007).

Cyclooxygenase-2 (COX-2) is an enzyme that promotes the
formation of substances that cause inflammation and pain (Ghosh
et al,, 2010). It also affects the growth of tumour cells (Pires
et al.,, 2010). In addition, up-regulation and overexpression of COX-2
in tumour cells was shown to increase invasiveness of malignant
cells, angiogenesis and to reduced apoptosis (Kang et al., 2011).
Interestingly, Sui et al (Sui et al., 2011) reported that high COX-2
expression affects the drug resistance genes. Consistent with the
implications of these findings, several studies showed an association
between COX-2 related drug resistance and worse survival in pa-
tients with cancers (Januchowski et al., 2016; Kang et al., 2011; Sui
et al., 2011; Uchida et al., 2005).

It is increasingly clear that the tumour microenvironment plays
an important role in the development of drug resistance (Meads
et al., 2009; Roodhart et al., 2011). The fact that certain properties
of stromal cells in the tumour microenvironment often have a poor
prognosis further demonstrates the important role of the microen-
vironment in therapeutic response (Meads et al., 2009; Roodhart

et al., 2011). Consistent with the implications of these findings,

increasing evidence has suggested mesenchymal stem/stromal
cells (MSCs) to play an important role in controlling tumour pro-
gression and drug sensitivity, along with drug resistance in tumour
microenvironment (Houthuijzen et al.,, 2012). In addition, several
studies showed that application of MSCs to human ovarian cancer
cell line (Wen et al., 2017), breast cancer cell line (Chen et al., 2014,
2014; Lu et al., 2017; Yeh et al., 2017), and osteosarcoma cell line
(Tu et al., 2016) has confirmed the induction of drug resistance
genes. Although the precise mechanisms are far from being under-
stood completely, some studies suggest that MSC may help to in-
crease COX-2 genes expression in tumour cells (Wang et al., 2010).
However, further research is needed to determine whether MSC-
induced COX-2 expression in cancer causes resistance genes. In
addition, it should be investigated which factors of MSCs are associ-
ated with the increase of COX-2 in tumour cells.

Tumour necrosis factor alpha-stimulated gene/protein 6 (TSG-
6) is activated in a variety of cells during inflammation (Milner &
Day, 2003). It has tissue-protective properties, mediating many of
the beneficial activities of MSCs (Day and Milner, (2019)). Although
the underlying mechanism of TSG-6 secreted from stem cells is
not clear, it is one of the biologically active molecules that regulate
the local immune response and repair damaged tissues (Caplan &
Correa, 2011; Kusuma et al., 2017; Li et al., 2017). A previous study
with macrophage cell line had revealed that TSG-6 protein up-
regulates the expression of COX-2 enzyme (Mindrescu et al., 2005).
Based on these findings, we hypothesized that TSG-6 secreted from
MSCs might also increase the expression of COX-2 in cancer cells.

In this study, we investigated the effect of TSG-6, from canine
adipose-derived stem/stromal cells (cADSC), on the expression of
COX-2-related drug-resistance genes (P-gp, MRP1) in canine mela-

noma and osteosarcoma cell lines.

2 | MATERIALS AND METHODS
2.1 | Harvest and isolation of cADSCs

cADSCs were isolated from subcutaneous fat of three healthy dog
donors; written informed consent was obtained from the dog own-
ers. Obtained fat samples were finely minced and digested with 0.1%
collagenase type IA solution (Gibco/Life Technologies). After diges-
tion, cells were neutralized with Dulbecco's modified eagle's medium
(DMEM; PAN-Biotech, Aidenbach) supplemented with 10% fetal bo-
vine serum (FBS) and 1% penicillin-streptomycin, and centrifuged.
Cell pellet was suspended in DMEM and filtered using 70-pm Falcon
cell strainer (Fisher Scientific). Red blood cell lysis buffer (Sigma-
Aldrich) was used to remove erythrocytes. Cells were washed finally

with Dulbecco's phosphate-buffered saline (DPBS) and centrifuged.
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FIGURE 1 Canine adipose-derived stem cells (cADSCs) exhibited characteristics of mesenchymal stem cells. (a) Immune phenotypic
analysis of cADSC by flow cytometry. CD29, CD44, CD90 and CD73 were highly expressed and CD 45 and CD34 were low. (Red: stained
marker, blue: negative (unstained) control) (b) Osteogenic (Alizarin Red S staining), adipogenic (Oil Red O staining), chondrogenic (Alcian Blue

staining) differentiation of cADSCs

Cell pellets were re-suspended in DMEM and seeded on cell culture
plates. cADSC used in this experiment were passaged less than five

passages.

2.2 | Celllines

Canine malignant melanoma cell line LMeC (RRID: CVCL_L361)
was provided by Professor Nobuo Sasaki, University of Tokyo.
(Inoue et al., (2004)) Canine osteosarcoma cell line D17 [American
Type Culture Collection (ATCC) CCL-183] was obtained from the

Laboratory of Veterinary Pharmacology, Seoul National University.

2.3 | Cell culture

D17 and cADSC cells were cultured in DMEM (PAN-Biotech) and

LMeC cells were cultured in Roswell Park Memorial Institute medium

(RPMI; PAN-Biotech). Both the culture media were supplemented
with 10% FBS and 1% penicillin-streptomycin. Cells were incubated
in humidified atmosphere containing 5% CO,, and the temperature
was maintained at 37°C. Sub-culture was performed when 70%-
80% confluence was achieved. The culture medium was changed

every 2-3 days.

2.4 | Characterization of canine adipose tissue-
derived mesenchymal stem cells

We identified cADSC surface markers using flow cytometry. 1 x 10°
cADSCs were suspended in DPBS (PAN-Biotech) and stained with
monoclonal antibodies against CD29-FITC (1:200, BD Biosciences),
CD44-FITC (1:200, Invitrogen), CD45-FITC (1:200, BD Biosciences),
CD34-PE (1:200, BD Biosciences), CD90-PE (1:200, Invitrogen)
and CD73-PE (1:200, BD Biosciences). Then, these cells were incu-
bated on ice for 15-20 min in the dark. Unstained cells were used as
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negative controls. Cells were sorted using FACS Ariall system (BD
Biosciences) and analysed using FlowJo 7.6.5 software (Tree Star,
Inc.). To confirm their trilineage differentiation capacity, cells were
differentiated into adipocytes, chondrocytes, and osteocytes using
differentiation medium (Gibco). The medium was changed every
2-3 days for 2 weeks, as per the manufacturer's protocol, and cells
were stained with Oil red O, Alizarin Red and Alcian Blue, respec-
tively. These results of characterization are described in supplemen-
tary Figure 1.

2.5 | Co-culture experiments

D17 and LMeC cells were seeded in multi-well plates and cADSC
cells were seeded on cell culture inserts with pore size of 0.4 um
(SPL Life Sciences, Pocheon, Gyeonggi-do, Korea). After 24 hr of
pre-incubation, inserts were transferred. All experiments were per-

formed after 48 hr of co-culture incubation.

2.6 | Transfection with siRNA

All siRNAs were purchased from Santa Cruz Biotechnology. D17
and the LMeC cell lines were transfected with siCOX-2 (sc-29279),
while cADSCs were transfected with siTSG-6 (sc-39819). The
control group was transfected with control siRNA (sc-37007).
Lipofectamine 2000 (Invitrogen)-siRNA complexes were prepared
according to the manufacturer's instructions, and cells were trans-
fected for 48 hr.

2.7 | RNA extraction, cDNA synthesis and
quantitative real time PCR (qRT-PCR)

Total RNA for gRT-PCR analysis was extracted using the easy-BLUE
total RNA extraction kit (iNtRON Biotechnology). cDNA was syn-
thesized from the extracted RNA using the CellScript cDNA Master
Mix (CellSafe). Samples were analysed in duplicate using 10 pl of

TABLE 1 Sequences of PCR primers

used in this study ;::‘geet Primer

Canine Forward
TSG-6 Reverse
Canine Forward
COX-2 Reverse
Canine Forward
P-gp Reverse
Canine Forward

MRP1 Reverse
Canine Forward
GAPDH Reverse

WILEY-"

AMPIGENE gPCR Green Mix Hi-ROX with SYBR Green dye (Enzo
Life Sciences), 400 nM each of forward and reverse primers (Table 1;
BIONICS) and 1 pl of cDNA. Glyceraldehyde 3- phosphate dehy-
drogenase (GAPDH) was used to normalize the expression of target

genes.

2.8 | Western blot analysis

Total protein was extracted from the cultured cells using the PRO-
PREP protein extraction solution (iNtRon Biotechnology), and
quantified using DC protein assay kit (Bio-Rad). After separating
20 pg of protein by SDS-PAGE, they were transferred on to poly-
vinylidene difluoride membranes (Millipore). The membranes were
then blocked with 5% non-fat dry milk and incubated with primary
antibodies against COX-2 (1:500; Santa Cruz Biotechnology) and
B-actin (1:1,000, Santa Cruz Biotechnology) at 4°C overnight. Next
day, the membranes were incubated with secondary antibody for
1 hr at 20°C and then visualized by chemiluminescence (Advansta,
Menlo Park).

2.9 | Statistical analysis

Statistical significance was determined by one-way analysis of vari-
ance using GraphPad Prism software (v.6.01; GraphPad Software
Inc.). All data are expressed as the mean + SD. A p value of <.05 was

considered as statistically significant.

3 | RESULTS
3.1 | cADSCs exhibited characteristics of
mesenchymal stem cells

After three days of seeding, cADSCs showed fibroblastic morphol-
ogy (spindle-shaped) and adhered to the culture plate. Stem cell
surface markers were identified using flow cytometry, these cells

Sequence References

TCC GTC TTA ATA GGA GTG AAA GAT G
AGATTT AAAAATTCGCTTTGGATCT
GCCTTACCCAGT TTG TGG AA

AGC CTA AAG CGTTTG CGATA
CTATGC CAA AGC CAAAGT ATC

GAG GGC TGT AGC TGT CAATC

CGT GAC CGT CGACAAGAACA

CAC GAT GCT GAT GCT GAC CA
TTAACT CTG GCAAAG TGGATATTGT
GAATCATAC TGG AACATG TACACCA

Song et al. (2018)

Rai et al. (2008)

Zandvliet et al. (2015)

Zandvliet et al., 2014)

Ju-Hyun et al., 2020)
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FIGURE 2 cADSCs increased COX-2 expression in cancer cell lines. Co-culture with cADSCs increased COX-2 protein levels of (a)
canine melanoma (LMeC) and (b) osteosarcoma (D17) cell lines. The COX-2 protein level increased as the proportion of cADSC increased.
Experiments were performed in triplicate and repeated three times with similar results. Results are shown as mean + SD (*p < .05, **p < .01,

***p < .001 by one-way ANOVA analysis)

expressed CD29, CD73, CD90 and CD44 and showed low expres-
sion of cell markers CD45 and CD34 (Figure 1a). cADSCs cultured in
differentiation medium had the capacity to differentiate into adipo-
cytes, osteocytes, and chondrocytes. In the group that did not use
the differentiation medium, it was confirmed that differentiation did

not occur (Figure 1b).

3.2 | cADSCs increased COX-2 expression in cancer
cell lines

Using trans-well coculture system, as the percentage of cADSCs
increased, the degree of COX-2 expression in tumour cells was
confirmed. The total number of tumour cells and cADSCs was
cultured at 1 x 10° cells/well, as a result of co-culturing D17 and
LMeC with cADSC at a ratio of 1:4 and 1:1, COX-2 expression was
increased in both cancer cells as the proportion of cADSCs increased
(Figure 2a,b).

3.3 | Drugresistance gene expression in cancer cell
lines increased in presence of cADSCs, and decreased
with interference of COX-2

Since COX-2 is associated with multidrug resistance, we as-
sessed the effect of COX-2 expression on drug resistance genes.
When co-cultured with cADSCs, MRP1 and P-gp expression was
significantly higher in both the cancer cell lines than when the
cancer cells were cultured alone. Next, COX-2 expression in D17

and LMeC was knocked down by transfection of siRNAs. Cancer

cell lines transfected with siRNAs retained their cell viability (see
Additional file 1). Stem cells and tumour cells were cultured at a
ratio of 1:4. While COX-2 expression was down-regulated in can-
cer cell lines transfected with COX-2 targeted siRNA (siCOX2),
no significant change was observed in those transfected with the
control siRNA, compared to that in naive cancer cell lines (see
Additional file 1). When cancer cell lines were transfected with
siCOX2, we found that COX-2 expression did not increase even
on co-culturing with cADSCs at the protein level (Figure 3a,b)
and gene level (Figure 3c,d). Furthermore, we found the expres-
sion of MRP1 and P-gp genes in both cancer cell lines, trans-
fected with siCOX2, to be significantly lower than that in cells
transfected with control siRNA and in naive cancer cell lines
(Figure 3c,d).

3.4 | 3.4.TSG-6 secreted from cADSCs elevated the
expression of COX-2 in cancer cell lines

In an earlier study, TSG-6 was shown to up-regulate COX-2 syn-
thesis in macrophage cell lines. Therefore, we investigated whether
TSG-6 secreted by cADSCs can influence the expression of COX-2
in cancer cell lines. We used TSG-6 targeted siRNA (siTSG-6) to
check if TSG-6 mediates COX-2 expression in cancer cell lines. Cell
viability of cADSCs transfected with siRNAs remained unchanged,
and TSG-6 expression of cADSCs transfected with siTSG-6 was
significantly lower compared to that of cADSCs transfected with
control siRNA and of naive cADSCs (see Additional file 2). When
siTSG-6-transfected cADSCs were co-cultured with D17 and LMeC

cell lines, COX-2 mRNA expression of both the cancer cell lines was



YANG ET AL.

WILEY--

@

31
° o
°
>
2
1=
3
2
o
o
2
s
©
©
LMeC + + siRNA  siCOX-2
ADSC . + + +

COX-2 70 kDa

Beta-actin| — e = | 42 kDa

LMeC + + siRNA siCOX-2
ADSC - * * ®

()

*

®

6

&
-~ o

N

mRNA
relative expressions
N

mRNA
relative expressions

=)

0
LMeC + + siRNA  siCOX-2

LMeC +
ADSC - + + * ADSC

@ ox

N

1

*
N w
N 1

mRNA
relative expressions
&
o
S
mRNA
relative expressions
-
"

0.0- 0
D17 + + SiRNA  siCOX-2 D17
ADSC . + * * ADSC

+

(b) [cox-2] o

44

2]

2

2 31

£

[

S 24

o

2

& 1

o)

o

0

D17 + SiRNA siCOX-2

ADSC . * £ *

cox2 | S M W | 70 kDa
Beta-actin *| 42 kDa

D17 + siRNA siCOX-2
ADSC - * *® *

N w

mRNA
relative expressions
a

L il

siRNA siCOX-2 LMeC + siRNA siCOX-2
+ + ADSC

A%

i

SRNA  siCOX-2 D17 siRNA.  8ICOX2
ADSC . * & &

=
o
1

mRNA
relative expressions

]

:

+ +

FIGURE 3 Drugresistance gene expression in cancer cell lines increased in the presence of cADSCs, and decreased with interference of
COX-2. COX-2 protein levels in LMeC (a) and D17 (b) cancer cell lines. mRNA expression levels of COX-2, MRP1, P-gp in LMeC (c) and D17
(d) cancer cell lines. COX-2 and drug resistance gene MRP1, P-gp expression of cancer cell lines increased significantly with the presence of
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D17 cells was decreased even when cultured with cADSCs. Experiments were performed in triplicate and repeated three times with similar
results. Results are shown as mean + standard deviation (*p < .05, **p < .01, ***p < .001 by one-way ANOVA analysis)

significantly lower than that in the cADSCs transfected with con-
trol siRNA and in naive cADSCs (Figure 4a,b). Furthermore, the ex-
pression of the COX-2 protein was lower in the D17 and LMeC cell
lines co-cultured with siTSG-6-transfected cADSCs than that in the
cells co-cultured with control siRNA-transfected and naive cADSCs
(Figure 4c,d).

3.5 | 3.5.TSG-6 affected drug resistance genes in
cancer cell lines

Having established that TSG-6 secreted by cADSCs induces COX-2
expression in D17 and LMeC cell lines, we next investigated whether

the secreted TSG-6 affects the expression of drug resistance genes
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in both cancer cell lines. After transfection with siRNAs, cADSCs
were co-cultured with D17 and LMeC cell lines. In both cancer cell
lines co-cultured with siTSG-6-transfected cADSCs, the expres-
sion of MRP1 and P-gp was significantly lower than that in cells co-
cultured with control siRNA-transfected cADSCs and naive cADSCs
(Figure 5a,b).

4 | DISCUSSION

Our study reveals an important mechanism of drug resistance gene reg-
ulation medicated by MSCs. We found a significant association between
TSG-6 secreted from MSC and COX-2 expression in canine melanoma
and osteosarcoma cell lines. In addition, we showed that these associa-

tion was related with multiple drug resistance expressed in tumours.
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COX-2 is known to have pro-oncogenic effects, including angio-
genesis and tissue invasion (Tsujii et al., 1997, 1998), and its expres-
sion is known to be increased in many cancer cells. Activation of the
COX-2 pathway can up-regulate the expression of ABC transport-
ers (P-gp and MRP1), which encode efflux pumps and contribute
to the development of multidrug resistance (Liu et al., 2010). Since
the expression of multi-drug resistance gene has been associated
with poor prognosis of anti-cancer treatment, COX-2 inhibitors are
commonly used to improve therapeutic outcome of patients with
cancer (Ghosh et al., 2010). In addition, the expression of COX-2 in
melanoma (Pires et al., (2010); Martinez et al., 2011) and osteosar-
coma (Millanta et al., 2012) has been shown not only to increase tu-
mour resistance genes but also to affect anticancer drug responses.
However, there has been no study yet revealing the increase of

COX-2 expression due to the influence of mesenchymal stem cells.
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one-way ANOVA analysis)
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In Figure 3, it was confirmed that a double band of COX-2 pro-
tein was generated by Western blot analysis. Previous study demon-
strated that unpurified COX-2 proteins derived from cell lysates or
tissues typically produced a double or triple band in western blot
(Maihofner et al., 2001). Nevertheless, we found that the expression
of COX-2 protein in the two canine cancer cell lines significantly in-
creased in presence of cADSCs. Additionally, we demonstrated that
the expression of drug resistance gene (such as P-gp and MRP) is
closely related to the expression of COX-2. However, it is still unclear
which factors in stem cells increase COX-2-related genes in tumour
cells, and further studies are needed to investigate the relationship
between tumour cells and tumour surrounding stromal cells.

Previous studies showed that TSG-6 is key secretory factor
regulating stemness and biological properties of MSCs (Romano
et al, (2019)). In addition, Mindrescu et al. had earlier shown that
COX-2 expression in macrophage cell line increased after TSG-6 pro-
tein treatment (Mindrescu et al., 2005). Based on these results, we
hypothesized that COX-2 expression was induced in cancer cell lines
from TSG-6 secreted by cADSC. We used TSG-6-targeted siRNAs

to check the effect of TSG-6 on COX-2 expression of cancer cell
lines (Song et al., 2017). When two canine cancer cell lines were co-
cultured with TSG-6 knock-down cADSCs, the expression of COX-2
did not increase, thereby indicating that TSG-6 is one of the soluble
factors of cADSCs that up-regulate COX-2 expression in canine mel-
anoma and osteosarcoma cell lines. Moreover P-gp and MRP1 genes
of cancer cell lines were also down-regulated when they were co-
cultured with TSG-6 knock-down cADSCs.

Although TSG-6 might not be the only factor regulating COX-2 ex-
pression in cancer cell lines, our findings suggested it to play a key role
in the development of MSC-induced chemoresistance. Increasing num-
ber of studies have reported about the recruitment of MSCs to the tu-
mour microenvironment (Guan & Chen, 2013), and they are regarded as
primary contributors to environment-mediated drug resistance (Meads
et al., 2009). As MSCs might influence the development of canine che-
moresistance, further investigation about the safety of mesenchymal
stem cell therapy in patients with cancer is needed. Also, to take advan-
tage of stem cell therapy to apply to cancer patients, TSG-6 might serve

as a target to prevent the development of chemoresistance.
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Human and canine oral melanoma share a variety of morphologi-
cal, cytogenetic, molecular and signalling pathway similarities. In fact,
dogs share the same environment as humans, so they are exposed
to the same carcinogens that can be involved in tumour formation.
Therefore, clinical studies of dogs with naturally occurring melanoma
to develop new, less toxic and effective treatments are expected
to be key data for humans as well as veterinary medicine (Segaoula
et al., 2018). Canine and human osteosarcoma are biologically and
genetically similar, making canine a valuable representative model.
Similarities include pronounced male prevalence, large body size, lo-
cation of the primary tumour, unknown causes of the disease process
and almost always fatal lung metastases. The skeleton is most often
affected by both dogs and humans. Genome analysis confirms broad
similarities in the mechanisms of progression and metastasis between
species (Wilson-Robles et al., 2019). Therefore, Although this study
was conducted in a canine tumour cell line, this study is considered to
be important basic data in future human tumour studies.

P-gp plays an important role in intestinal transport and outflow,
altering the bioavailability and pharmaceutical effects of orally ad-
ministered drugs. Recently gathered evidence shows that overex-
pression of P-gp is associated with the occurrence of MDR events
in cancer. P-gp expression is one of the major defence mechanisms
adopted by cancer cells when exposed to cytotoxic agents. The ef-
flux pump has been found to play a role in inhibiting the intake of
conventional genotoxic anticancer drugs such as vinblastine, pacli-
taxel and doxorubicin (Sui et al., 2011). MRP1 has a function similar
to P-gp, which releases toxic substances in an ATP-dependent man-
ner. MRP1 significantly contributes to the outflow of organic anionic
substrates, including compounds bound to glucuronide, sulphate
and glutathione, as well as several anticancer agents including an-
thracyclines, vinca alkaloids and methotrexate (Munoz et al., 2007).
Through this experiment, it was confirmed that cADSCs significantly
increased these resistance genes in tumour cells. Although this study
did not confirm that tumour cells with increased resistance genes
due to stem cells actually decreased their drug-sensitivity under an-
ticancer drug conditions, this will be a valuable basis for conducting
these experiments.

The present study has a limitation that we did not perform
gene expression microarray to figure out which factor is the most
up regulated. Also, further research to clarify the detailed mech-
anism and in vivo experiments are warranted. However, we have
demonstrated that TSG-6 secreted from stromal cells may be in-
volved in the upregulation of tumour cell COX-2, and this study
will be a major basis for the application of stem cells to tumour pa-
tients. In addition, it will be a valuable data to study the interaction
of tumour cells with tumour microenvironment related to stromal

cells around tumours.

5 | CONCLUSIONS

In conclusion, the study demonstrated that TSG-6, secreted by

cADSCs, enhances COX-2 expression and subsequently up-regulates

the drug resistance genes P-gp and MRP1 in canine melanoma and
osteosarcoma cell lines. These findings provide better understand-
ing about the mechanism associated with mesenchymal stem/

stromal cell-induced chemoresistance in cancer.
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