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Abstract

in vitro, but upregulated T-cadherin in HCT116 cells.

and colorectal carcinogenesis.

Background: Although altered levels of adiponectin have been reported as a potential risk factor in colorectal
cancer (CRC), the importance of the role played by adiponectin in colorectal carcinogenesis has not been
established. We sought to examine the expression pattern of adiponectin and adiponectin receptors (AdipoRs)

in the normal-adenoma-carcinoma sequence and to assess the implications of adiponectin in colorectal carcinogenesis.

Methods: Serum adiponectin concentrations, and the mRNA and protein expression of adiponectin and AdipoRs were
examined using serum and tissues from patients with CRC, advanced adenoma, and a normal colon. mRNA expression
of AdipoRs and epithelial-mesenchymal transition regulators including E-cadherin, cyclooxygenase-2 (COX-2) and
T-cadherin were examined in HCT116 cells treated with adiponectin.

Results: Serum adiponectin concentrations in patients with advanced adenoma and CRC were lower than those in
controls. Adiponectin mRNA was not detected in colonic tissue, whereas AdipoRs mRNA was lower in advanced
adenoma and CRC than that in normal colon tissues. Immunohistochemical staining demonstrated that adiponectin was
expressed in spindle-shaped cells of the subepithelial layer in normal colon tissues, whereas ill-defined overexpression of
adiponectin was seen in the stroma of advanced adenoma and CRC tissues. AdipoRs expression was strong in normal
epithelium, but weak to negative in the epithelia of CRC tissues. Adiponectin downregulated COX-2 mRNA expression

Conclusions: Systemic adiponectin and local AdipoRs expression in the colon may be associated with anti-tumorigenesis
during the early stages of CRC. These findings offer new insight into understanding the relationship between adiponectin
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Background

Until quite recently, adipose tissue was regarded simply
as an energy store. However, it is now considered to be
an important endocrine organ, secreting a wide range of
biologically active adipokines [1]. Adiponectin is the
most abundant adipokine secreted from adipocytes; it is
a 30-kDa adipokine composed of 244 amino acids [2-5].
Serum adiponectin level is inversely correlated with vis-
ceral obesity [5-8]. It is also known to have anti-diabetic,
anti-inflammatory, and anti-atherosclerotic properties
[2,5,9,10]. Its action is mediated by binding to two main
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adiponectin receptors 1 (AdipoR1) and AdipoR2, and a
third adiponectin receptor, T-cadherin. AdipoR1 is ex-
pressed abundantly in skeletal muscle, whereas AdipoR2
is expressed predominantly in hepatocytes [5]. T-cadherin
was identified as a receptor for the hexameric and high
molecular weight species of adiponectin on vascular cells,
not for the trimetric or globular species [11].
Epidemiological studies have consistently reported a sig-
nificant link between obesity and malignancy [12-14]. Adi-
ponectin is secreted mainly from adipocytes and has
received considerable attention in relation to carcinogen-
esis in various cancers, including breast cancer, endomet-
rial cancer, and hepatocellular carcinoma [15-17]. Several
studies have demonstrated that adiponectin may have
anti-proliferative properties in terms of carcinogenesis [8].
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In addition, adiponectin reportedly suppresses cell prolif-
eration in colorectal cancer cells. The effect of adiponectin
has been evaluated in Caco 2, DLD 1, LoVo, SW480, and
SW620 colorectal cancer cells but not in HCT119 and
HT?29 cells [8,18,19], although one study showed that adi-
ponectin stimulates proliferation in HT29 cells [20].

However, the role of adiponectin in colorectal carcino-
genesis in humans has not been established. In a prospect-
ive study, serum adiponectin concentration was associated
with the risk of colorectal cancer (CRC) in males [21].
However, no association between serum adiponectin and
CRC was observed in another study [22].

No study has compared the tissue expression patterns
of adiponectin in normal-adenoma-carcinoma sequence
of the colon, although differences in the expression of the
two AdipoRs between normal colon epithelium and CRC
have been reported [23,24]. Whether the effects of adipo-
nectin in colorectal carcinogenesis are indirect, through
mediators such as insulin and inflammatory factors, and/
or direct, through actions on cancer cells is also unclear
[23]. Only one study has suggested that AdipoR1 nega-
tively regulates the epithelial-mesenchymal transition
(EMT) in breast cancer [25].

Thus, we investigated changes in adiponectin and Adi-
poRs in the normal-adenoma-carcinoma sequence of the
human colon. We also assessed the direct influence of adi-
ponectin on AdipoRs and EMT regulators including E-
cadherin, and cyclooxygenase-2 (COX-2), and T-cadherin
as a tumor suppressor, and not only a third adiponectin
receptor, in colon cancer cells.

Methods

Study population

Tissue samples were obtained from 39 patients with CRC
who underwent surgical resection or endoscopic removal,
29 patients with colorectal advanced adenoma (>2 cm)
who underwent polypectomies, and 10 healthy subjects
with no colorectal pathological signs as a control group
from a single institute between 2009 and 2011 (Table 1).
Colonoscopy was performed on each subject in the mor-
ning before undergoing any surgical or endoscopic treat-
ment, and at least two pieces of tissue for quantitative
real-time polymerase chain reaction (qRT-PCR) were
taken from the lesion and macroscopically normal mu-
cosa. Additionally, two or three pieces of tissue was taken
during colonoscopy for immunohistochemical staining in
the control group, whereas surgical tissue sections were
obtained after operations or endoscopic procedures in the
advanced adenoma and CRC groups.

The medical records of each subject were reviewed for
the following information: age, gender, body mass index
(BMI), co-morbidity, presence or absence of diabetes
mellitus, and pathological characteristics, such as loca-
tion of cancer, and TNM stage. TNM staging was
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Table 1 Clinicopathologic characteristics of the total
study population

Control Advanced CRC p value
adenoma
(n=10) (n=29) (n =39)

Age, years 0.091
Mean + SD 545+76 54576 602£115

Gender (%) 0.108
Female 4 (40.0) 5(17.2) 16 (41.0)
Male 6 (60.0) 24 (82.8) 23 (59.0)

Body mass index, kg/m? 0811
Mean + SD 228+24 239+38 235+28

Location (%) 0.930
Cecum 1(34) 1(26)
Ascending colon 4(13.8) 6 (15.3)
Hepatic flexure 2 (6.8) 1(26)
Transverse colon 4(13.8) 4(10.3)
Descending colon 1(34) 3(78)
Sigmoid colon 7 (20.8) 15 (384)
Rectum 10 (38.0) 9 (23.0)

TNM Stage (%)
0 (Carcinoma in situ) 11 (28.2)
| 6 (154)
Il 4(10.3)
M1l 16 (41.0)
\% 2(5.M)

assessed according to the 7™ edition of the American
Joint Committee on Cancer stage classification system
[25]. BMI was calculated as weight divided by height?
(kg/m?) at the time of tissue sampling. According to the
International Obesity Task Force for Asian adults [26],
the normal weight and overweight groups were divided
by a BMI cut-off of 23 kg/m”.

Participants with diabetes mellitus, BMI >30 kg/m?, or
a severe accompanying disease, such as another cancer
except CRC, major organ insufficiency, infectious dis-
ease, and inflammatory bowel disease were excluded.

All included patients provided written informed con-
sent. This study was approved by the Institutional Re-
view Board of Ewha Womans University MokDong
Hospital (ECT205-9).

Measurement of serum adiponectin

Blood samples were obtained from all subjects at the
time of diagnosis in the morning. The Quantikine Hu-
man Adiponectin assay (R&D Systems, Minneapolis,
MN, USA) was used to measure adiponectin levels. All
assays were performed in duplicate. The normal range of
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adiponectin was defined between 855.5-21,424 ng/mL
(mean, 8,841) according to the manufacturer’s data.

Measurement of tissue adiponectin and AdipoRs mRNA
expression
Total RNA was extracted from biopsy tissues using the
easy-BLUE (iNtRON Biotechnology, Sungnam, Korea)
total RNA extraction kit. The amount and purity of ex-
tracted RNAs were determined using spectrophotom-
etry. Complementary DNA samples were prepared by
reverse transcription using 2 pg RNA in each sample.
The full-length adiponectin and globular adiponectin
mRNA expression was carried out using SYBR Green
Master Mix (Applied Biosystems, Foster City, CA, USA).
The primers were: 5 -CTGGTGAGAAGGGTGAGAA
A-3" (forward) and 5'-CTTCTTGAAGAGGCTGACC
T-3" (reverse) for full-length adiponectin, and 5'-AACA
TGCCCATTCGCTTTAC-3" (forward) and 5'-ATTAC
GCTCTCCTTCCCCAT-3" (reverse) for globular adipo-
nectin.

qRT-PCR for the AdipoRs was carried out using Taq-
Man Expression Master Mix (Applied Biosystems). The
AdipoRs primers and probes were: the FAM-labeled
Adiponectin Receptorl (assay ID Hs00360422_m1) was
used for AdipoR1, and the FAM-labeled Adiponectin
Recptor2 (assay ID Hs00226105_m1) was used for Adi-
poR2. The geometric mean of two validated reference
genes, including GAPDH (assay ID Hs99999905_m1)
and P2 microglobulin (assay ID Hs99999907_ml), was
used to adjust the expression of AdipoR1 and AdipoR2
in the qRT-PCR analysis. qRT-PCR was performed using
a Real-Time 7000 system (Applied Biosystems). A non-
template control was included in each experiment. All
patient samples and non-template controls were assayed
in duplicate.

Measurement of adiponectin and AdipoRs protein
expression in tissues and cell lines

Tissues and cell lysates were prepared in ice-cold PRO-
PREP (Intron Biotech) and cleared by centrifugation
(12,000 rpm, 30 min, 4°C). The protein concentration in
each sample was estimated using the Bradford assay.
Each protein sample (25 pg) was resolved on 10% so-
dium dodecyl sulphate-polyacrylamide gel electrophoresis,
and transferred to a polyvinylidene fluoride membrane.
The membrane was incubated for 1 h in blocking solution
(5% non-fat milk in PBST) and incubated with primary
antibodies for 3 h at room temperature. Primary anti-
bodies included those against adiponectin (1:500; R&D
Systems) and GAPDH (1:10,000; Fitzgerald Industries
International Inc., Westborough, MA, USA). The blots
were washed in PBST and incubated with HRP-conjugated
secondary antibodies for 1 h at room temperature. Results
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were visualized using an enhanced chemiluminescent sys-
tem (Invitrogen, Carlsbad, CA, USA).

Immunohistochemical staining for adiponectin and
AdipoRs in tissues

Immunohistochemistry was performed using the biotin-
streptavidin method with the LSAB Kit (Dakocytomation,
Carpentaria, CA, USA). Paraffinized tissues were sectioned
at 4 pum thickness and deparaffinized with xylene twice for
5 min. The tissues were dehydrated in an ethanol series
(100-70%) for 5 min each, and washed with distilled water.
Antigene retrieval conditions included heat-induced epi-
tope retrieval in 10 nM citrate buffer (pH 6.0) for 7 min.

Endogenous peroxidase activity was blocked by incuba-
ting the sections in 3% hydrogen peroxide solution for
5 min. The tissues were incubated with the monoclonal
anti-adiponectin (1: 250; R&D Systems), AdipoR1 (1:700;
Phoenix Pharmaceutical, Burlingame, CA, USA), and Adi-
poR2 (1:300; Phoenix Pharmaceutical) in a moist chamber
for 1 h at room temperature. The negative control was in-
cubated with diluent and background reducing compo-
nents (ready-to-use, Dakocytomation) instead of primary
antibody. Subsequently, the tissues were incubated for
30 min with a biotinylated immunoglobulin secondary
antibody solution. The tissues were then incubated with
streptavidin peroxidase solution for 30 min, and a liquid
DAB substrate chromogen solution was used as a sub-
strate to yield the brown-colored reaction products.
Hematoxylin staining was performed as a counter stain.
The stained tissues were photographed using an Olympus
microscope with ColorView3 digital camera (Soft Imaging
system, Gebh, Germany).

Adiponectin and AdipoRs expression were graded in
terms of density and distribution to analyze the data. Stai-
ning of epithelial cells was classified as none, mild, mode-
rate, or intense. The expression distribution was quantified
as the percentage of positive epithelial cells and assigned to
one of the following four categories: <10%, 10-30%, 30-60%
or >60%.

Each lesion was examined and scored independently by
a reviewer blinded to the patient information. Every sus-
pected pathological result was reviewed by a pathologist.

Cell culture

HCT116, HT29, and CCD-18Co cells were obtained
from the Korean Cell Line Bank (KCLB, Seoul, Korea).
The cell lines were cultured in RPMI 1640 or DMEM.
All media were supplemented with 10% fetal bovine
serum (FBS) (v/v) and 1% penicillin/streptomycin. Cell
cultures were incubated in a CO, incubator with a hu-
midified atmosphere of 95% air/5% CO, at 37°C. Cul-
tures generally reached 80-90% confluence at 2—4 days
after seeding. After they reached confluence, the cells
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were subcultured (split ratio 1:4 to 1:5) using 0.25%
trypsin-EDTA.

Adiponectin treatment of the cell lines

HCT116 cells were plated in 12-well tissue culture
dishes at a density of 1x10° or 2x 10° per well. The
cells were allowed to adhere overnight and were treated
with recombinant human full-length adiponectin (Bio-
Vendor Laboratory Medicine, Modrice, Czech Republic)
at 0.1, 1, or 20 pg/mL in FBS-containing medium for
24 h. Subsequently, the medium was discarded, and the
cells were washed with PBS before RNA extraction.

Measurement of AdipoRs, E-cadherin, COX-2, and
T-cadherin mRNA expression in adiponectin-treated cells
Total RNA was extracted from HCT116 cells using the
easy-BLUE (iNtRON Biotechnology) total RNA extrac-
tion kit. The amount and purity of the extracted RNAs
were determined by spectrophotometry. Complementary
DNA samples were prepared by reverse transcription using
2 pg RNA per sample. qRT-PCR was carried out using the
TagMan Expression Master Mix (Applied Biosystems) for
AdipoRs. The primers used were as follows: the FAM-
labeled Adiponectin Receptorl (assay ID Hs00360422_m1)
was used for AdipoR1 and the FAM-labeled Adiponectin
Recptor2 (assay ID Hs00226105_m1) was used for Adi-
poR2. qRT-PCR was carried out using the SYBR Green
Master Mix (Applied Biosystems) for E-cadherin, COX-2,
and T-cadherin. The primers used were: 5'-TGGGTTAT
TCCTCCCATCAG-3’ (foward) and 5'-TTTGTCAGGGA
GCTCAGGAT-3" (reverse) for E-cadherin, 5'-TTCAAA
TGAGATTGTGGAAAAAT-3’ (forward) and 5'- AGATC
ATCTCTGCCTGAGTATCTT-3" (reverse) for COX-2
and 5- GATGTTGGCAAGGTAGTCGAT-3" (forward)
and 5 -GCTCCCTGTGTTCTCATTGAT-3" (reverse) for
T-cadherin. Expression levels were presented as a ratio to
GAPDH (assay ID Hs99999905_ml) as the internal con-
trol. qRT-PCR was performed using a Real-Time 7000
system (Applied Biosystems). A non-template control
was included in each experiment. All patient samples
and non-template controls were assayed in duplicate.

Statistical analyses

All statistical calculations were performed using SPSS
ver. 18.0 software (SPSS, Inc., Chicago, IL, USA). Con-
tinuous data are presented as mean * standard deviation.
Categorical data are presented as percentages. Differ-
ences in serum adiponectin concentrations and AdipoRs
mRNA expression levels among groups were evaluated
using the Mann—Whitney U-test because of a skewed
distribution. Differences in AdipoRs mRNA expression
levels between the lesion and their matched normal
colon tissues in the same patient with advanced aden-
oma or CRC were analyzed using the repeated paired
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t-test. Immunohistochemical staining results were ana-
lyzed comparatively using linear associations. Repeated-
measures analysis of variance with a post hoc Tukey’s
multiple comparison test was used to calculate the dif-
ferences among the means of the in vitro assay groups.
A p value <0.05 was considered significant.

Results

Serum adiponectin levels in advanced adenoma and CRC
were significantly lower than those in the control group,
regardless of BMI

As shown in Figure 1, serum adiponectin concentrations
varied according to gender. Serum adiponectin concen-
trations in females were higher after comparing each
subgroup between males and females (p <0.05). Serum
adiponectin concentrations in males with advanced ad-
enoma and CRC were significantly lower than those of
the control group (p <0.001). However, serum adiponec-
tin concentrations in patients with CRC were not signifi-
cantly different from those in patients with advanced
adenoma. No significant difference in serum adiponectin
concentrations was observed among female controls or
those with advanced adenoma or CRC.

Because there was a significant inverse correlation be-
tween serum adiponectin concentrations and BMI in males
(r=-0.282, p = 0.016), we analyzed serum adiponectin
concentrations according to BMI subgroups; i.e., above and
below the 23 kg/m” cut off (see Additional file 1). Serum
adiponectin concentrations in the control subgroup with
BMI >23 kg/m* were lower than those in the subgroup
with a BMI <23 kg/m? (p <0.001). However, no significant
differences in serum adiponectin concentrations were ob-
served according to BMI in the advanced adenoma and
CRC groups.

Adiponectin in colon tissues originates from adipose
tissues through systemic flow and the adiponectin
expression pattern changes in the normal-adenoma-
carcinoma sequence

To determine whether adiponectin originated from exter-
nal adipose tissues through systemic flow or local produc-
tion, we measured adiponectin mRNA and protein levels
in colon tissues from each group and adipose tissue as a
control, as well as in HCT116 and HT29 cells as a CRC
cell line, and CCD-18Co cells as an embryonic colon
fibroblast cell line. Adiponectin mRNA was not detected
in any colon tissue or cell lines but was detected in control
adipose tissue (Figure 2a, 2b). Furthermore, adiponectin
protein was detected in both CRC and normal colon tis-
sues, but not in the respective cell lines (Figure 2c). Thus,
these findings suggest that adiponectin in CRC and nor-
mal colon tissue is of systemic origin and is not produced
locally. This result explains why neither adiponectin
mRNA nor protein was detected in the cell lines.
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Figure 1 Serum adiponectin concentration according to gender in controls, and patients with advanced adenoma and CRC. Significant
gender differences were seen for each lesion. Serum adiponectin concentrations in males with advanced adenoma and CRC were significantly
lower than those in the control group. No significant differences in serum adiponectin concentration were observed among the groups in
females. * p <0.05; ** p <0.001.
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Figure 2 Adiponectin mRNA and protein levels in cell lines and tissues. (a) Adiponectin mRNA expression was not detected by RT-PCR in
tissues, except for adipose tissue of controls. (b) Adiponectin mRNA expression was not detected by RT-PCR in CRC cell lines, except for the
adipose tissue of controls. (c) Adiponectin protein was detected by Western blotting in CRC and normal colon tissues, but not in cell lines. N,
normal colon tissue; C, colorectal cancer; is, carcinoma in situ; ad, advanced adenoma.
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Immunohistochemical staining for adiponectin was per-
formed to compare the adiponectin expression patterns
among normal colon, advanced adenoma, and CRC tis-
sues. Adiponectin expression in normal colon tissues was
predominantly positive in the subepithelial mesenchymal
cells of the lamina propria but not in the colonic epithelial
cells. The expression had an appearance similar to the
spindle-shaped cells that run parallel to the lining of the
epithelium (Figure 3a). However, the adiponectin expres-
sion pattern of the thin layer in the subepithelial area was
obliterated, while an indeterminate over-expression pat-
tern in stroma was seen in 71.4% of advanced adenoma
and 97.4% of CRC tissues (Figure 3b, c).

AdipoRs expression in epithelium decreased in the
progression from normal tissue to advanced adenoma
We examined AdipoR1 and AdipoR2 mRNA and protein
expression levels in specimens from control, advanced
adenoma, and CRC tissues by qRT-PCR and immuno-
histochemical staining. As shown in Figure 4, AdipoR1
and AdipoR2 mRNA expression levels were significantly
lower in the advanced adenoma and CRC groups than
those in the controls. However, no difference in AdipoRs
mRNA expression levels was observed between the ad-
vanced adenoma and CRC groups.
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AdipoR1 and AdipoR2 expression by immunohisto-
chemical staining were localized in the colon epithelium
and was positive in all (100%) of the control and ad-
vanced adenoma tissues and in 62.8% and 88.5% of CRC
tissues. The distribution and density of staining for Adi-
poRs decreased significantly in the order of normal to ad-
vanced adenoma to CRC tissues (Tables 2, 3; Figure 3d—i).
We confirmed these differences in AdipoR1 expression
between advanced adenoma and CRC in nine patients
with carcinoma in situ, which arose from advanced aden-
oma (p = 0.034, Wilcoxon’s signed-rank test), as shown in
Additional file 2 and Figure 5. No significant differences
were observed in the relationship between AdipoRs stai-
ning and the clinicopathological characteristics of CRC
such as differentiation, TNM stage, or tumor location.

Adiponectin downregulates COX-2 mRNA expression and

upregulates T-cadherin mRNA expression in HCT116 cells

Based on the changes in the adiponectin expression pat-
tern in subepithelial area and AdipoRs expression pattern
in the colonic epithelium in the normal-adenoma-car
cinoma sequence, we investigated the direct effects of adi-
ponectin on AdipoRs and EMT-associated regulators on
CRC development, progression and metastasis. The mRNA
expression levels of AdipoRs, E-cadherin, and COX-2 as
EMT regulators, and T-cadherin, not only as a tumor

AdipoR2 (i, x100) showed weak or no staining.

Figure 3 Immunohistochemical staining of adiponectin, AdipoR1, and AdipoR2. (a-c) Localization of adiponectin staining in normal colon
tissue (a, x200), advanced adenoma (b, x200) and CRC (¢, x200) differed from spindle-shaped cells in the subepithelial area to a diffuse area in
the lamina propria. (d-i) Staining for AdipoR1 (d, x200) and AdipoR2 (g, x200) was positive in the epithelium of normal colon tissues. AdipoR1

(e, x400) and AdipoR2 (h, x100) showed moderate staining intensities in the epithelial layer of advanced adenoma. In CRC, AdipoR1 (f, x400) and

N
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suppressor but also as a co-receptor of adiponectin, were
examined in HCT116 cells treated with adiponectin. Adi-
ponectin treatment downregulated COX-2 mRNA ex-
pression, upregulated T-cadherin mRNA expression in
a dose-dependent manner (Figure 6), and 20 pg/mL
adiponectin slightly upregulated AdipoR2 mRNA ex-
pression in HCT116 cells (see Additional file 3). Adipo-
nectin treatment had no effect on E-cadherin mRNA
expression levels in HCT116 cells (see Additional file 4).

Discussion

Our findings suggest several possible mechanisms for the
effect of adiponectin on the early stage of colorectal car-
cinogenesis. Adiponectin has anti-proliferative and anti-
tumorigenesis properties. A deficiency of adiponectin

Table 2 Immunohistochemical staining scores for
AdipoR1

seems to be associated with the development of an early
neoplasm, rather than advanced CRC. Serum adiponectin
concentrations were significantly lower in male patients
with advanced adenoma than those in healthy control
males. However, no difference in serum adiponectin con-
centrations were observed between patients with ad-
vanced adenoma and CRC. These results are consistent
with studies on the anti-tumorigenesis properties of adi-
ponectin, which show that low serum adiponectin concen-
trations are strongly associated with an increased risk of
colorectal adenoma or early CRC, but not with advanced
CRC [27-29]. Additionally, the gender difference in adipo-
nectin concentrations seen in our patients has been re-
ported previously [27,30-34]. This result is consistent with
the report by Wei et al. that males with low plasma

Table 3 Immunohistochemical staining scores for
AdipoR2

Control Advanced adenoma CRC  pvalue Control Advanced adenoma CRC  pvalue
(n=10) (n=29) (n = 35) (n=10) (n=14) (n = 26)
Density (%) <0.001 Density (%) <0.001
None 0 0 13 (37.2) None 0 0 3(11.5)
Mild 0 6 (20.7) 14 (40.0) Mild 0 0 11 (424)
Moderate 2 (200) 8 (27.6) 6 (17.1) Moderate 2 (20.0) 8 (57.1) 9 (34.6)
Intense 8 (80.0) 15 (51.7) 2(5.7) Intense 8 (80.0) 6 (42.9) 3(11.5)
Distribution (%) <0.001 Distribution (%) 0.027
< 10% 0 0 13 (37.1) < 10% 0 0 3(11.5)
10-30% 0 1(34) 0 (0.0) 10-30% 0 0 0
30-60% 0 6 (20.7) 3(86) 30-60% 0 0 0
> 60% 10 (100.0) 22 (759) 19 (54.3) > 60% 10 (100.0) 14 (100.0) 23 (885)

CRC, colorectal cancer.

CRC, colorectal cancer.
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F—— Advanced adenoma
Figure 5 Representative examples of AdipoR1 immunohistochemical staining with carcinoma in situ arising from advanced adenoma (x100).

_

adiponectin levels have a higher risk or CRC than those
with higher levels [21].

A second possible mechanism for the role of adiponec-
tin in colorectal neoplasm is a direct anti-tumorigenic ef-
fect. Interest in the association between adiponectin and
CRC originated from consideration of CRC as a complica-
tion of obesity [35,36]. Many reports have suggested that
adiponectin affects cancer development indirectly, via
insulin resistance [33,35,37,38]. We compared serum
adiponectin concentrations among the groups after strati-
fication by BMI, based on the inverse correlation between
obesity and serum adiponectin concentrations. Contrary
to our expectations, serum adiponectin concentrations

were lower in patients with colorectal neoplasms regar-
dless of the presence of obesity, and did not differ sig-
nificantly between the overweight and normal weight
subgroups in the advanced adenoma and CRC groups.
This finding was similar to findings of previous studies,
which showed a link among obesity, CRC, and adipo-
nectin [39]. This finding suggests that adiponectin could
exert local effects on colon tissues [24,38]. We also found
that adiponectin downregulated COX-2 mRNA expres-
sion and upregulated T-cadherin mRNA expression in
colon cancer cells in a dose-dependent manner; thus, sug-
gesting direct tumor suppression. These findings support
previous reports that adiponectin directly suppresses
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Figure 6 Influence of adiponectin on COX-2, T-cadherin in HCT116 cells. (a) Adiponectin downregulated COX-2 mRNA expression in a
dose-dependent manner. (b) Expression of T-cadherin mRNA was upregulated by adiponectin in a dose-dependent manner. * p <0.05 vs. control.
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proliferation of colon cancer cells [40,41]. Moreover, stud-
ies have demonstrated a probable direct inhibitory effect
of adiponectin in colorectal carcinogenesis. Fujisawa et al.
and Byeon et al. demonstrated the inhibition of CRC cell
growth by adiponectin using the MTT assay [42,43].
These reports suggest another role of adiponectin, in
addition to its indirect role in hormone modulation in the
metabolic environment. It is possible that adiponectin ori-
ginating from adipose tissues influences colonic tissue via
systemic blood flow. We did not detect mRNA expression
of adiponectin in any colon tissue, HCT116, and HT29
cancer cells or CCD-18Co embryonic colon myofibroblast
cells, despite the positive results in the control adipose tis-
sue. However, adiponectin was detected in colon tissue,
but not in colonic epithelial cells, by Western blotting and
immunohistochemical staining.

Adiponectin expression by immunohistochemical stain-
ing was localized to spindle-shaped cells of the subepithe-
lial thin layer surrounding each epithelial nest in normal
colon tissue. Adiponectin expression in advanced aden-
oma and CRC tissues was seen in the stroma with an
ill-defined pattern. Considering their location and morph-
ology, adiponectin-expressing cells were likely myofibro-
blasts [44-46]. Although CCD-18Co cells did not express
adiponectin as determined by Western blotting, it is pos-
sible that the spindle-shaped cells are myofibroblasts be-
cause the CCD-18Co cell line originated from an embryo.
Myofibroblasts adjacent to neoplastic cell nests express
important molecules that regulate the EMT to cancer
progression [46]. Thus, the association between adiponec-
tin and EMT regulators was investigated to determine the
pathway that mediates the direct role of adiponectin in
colorectal carcinogenesis. Among the well-known co-
lonic EMT regulators, COX-2, which originates mainly
from stromal myofibroblasts surrounding the CRC nest,
and E-cadherin, which is negatively regulated by COX-
2 in the EMT and metastasis, were examined [45,47].
T-cadherin, considered a tumor suppressor in colon,
and a third adiponectin receptor has also been investi-
gated [48-50].

The in vitro assay and immunohistochemical staining re-
sults suggest that adiponectin may prevent colorectal car-
cinogenesis and proliferation by downregulating COX-2
expression. This result may be associated with recent re-
ports that adiponectin directly inhibits colon cancer cell
proliferation via AdipoR1- and AdipoR2-mediated AMP-
activated protein kinase activation [40]. However, the role
of the AMP-activated protein kinase pathway in the regula-
tion of COX-2 expression in colon cancer cells should be
investigated further [51].

Some studies have suggested that AdipoRs expression is
greater in cancerous colonic tissues, with a compensatory
mechanism in the decline in serum adiponectin concen-
trations [37,52]. Other studies have shown that AdipoRs
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expression is not different between control and colon can-
cer specimens [23]. However, AdipoRs expression in the
epithelium decreased in the progression from normal
tissue to advanced adenoma in both qRT-PCR and im-
munohistochemical staining in our study. This result
demonstrates that changes in AdipoRs expression may
mediate the effects of adiponectin according to the
normal-adenoma-carcinoma sequence [39,42]. It seems
that a large population-based study is required to exam-
ine these discrepancies.

This study had some limitations. Given the small size
of the study population, our findings should not be gen-
eralized. However, we controlled for the effects of vari-
ous confounding factors, such as metabolic syndrome,
medications, and obesity. We were unable to determine
an association between clinicopathological CRC data
and adiponectin or AdipoRs expression due to the small
sample size. Despite these limitations, this study is im-
portant because it suggests a hypothesis for the roles of
adiponectin and AdipoRs during the early stages of colo-
rectal carcinogenesis.

Conclusions

In conclusion, serum adiponectin concentrations and Adi-
poRs expression in colon tissues change reciprocally in
the normal-adenoma-carcinoma progression. Decreased
AdipoRs expression in the colonic epithelium according
to colorectal neoplasm progression was accompanied by
increased or modified adiponectin expression in the mes-
enchyme. The increased adiponectin concentration leads
to downregulation of COX-2 mRNA expression and up-
regulation of T-cadherin mRNA expression. These find-
ings offer new insights into the relationship between
adiponectin and colorectal carcinogenesis.

Additional files

Additional file 1: Serum adiponectin concentration according to
BMI in controls, and patients with advanced adenoma and CRC.
Serum adiponectin concentration according to BMI in males. In the
control group, the subgroup with BMI >23 kg/m? had lower serum
adiponectin concentrations than the subgroup with BMI <23 kg/m? No
significant difference was observed between the BMI subgroups in
patients with advanced adenoma and CRC. Line indicates the median
serum adiponectin concentration. * p <0.05; ** p <0.001.

Additional file 2: Differences in AdipoR1 expression between
patients with advanced adenoma and CRC in nine patients with
carcinoma in situ that arose from advanced adenoma.

Additional file 3: Influence of adiponectin on AdipoRs in HCT116
cells. (a) Adiponectin had no significant effect on the expression of
AdipoR1 mRNA. (b) The expression of AdipoR2 mRNA was slightly, but
significantly, up-regulated under 20 ug adiponectin treatment. * p <0.05
vs. control.

Additional file 4: Influence of adiponectin on E-cadherin levels in
HCT116 cells. Adiponectin had no significant effect on E-cadherin mRNA
expression.



http://www.biomedcentral.com/content/supplementary/1471-2407-14-811-S1.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-14-811-S2.pdf
http://www.biomedcentral.com/content/supplementary/1471-2407-14-811-S3.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-14-811-S4.tiff

Tae et al. BMC Cancer 2014, 14:811
http://www.biomedcentral.com/1471-2407/14/811

Abbreviations

AdipoRs: Adiponectin receptors; AdipoR1: Adiponectin receptor 1;
AdipoR2: Adiponectin receptor 2; BMI: Body mass index; CRC: Colorectal
cancer; EMT: Epithelial-mesenchymal transition; gRT-PCR: Quantitative
real-time polymerase chain reaction.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

CHT analyzed the data and wrote the manuscript. YHJ carried out
experiments. KHK and JSK collected of the study population. MSC reviewed
the histopathological diagnosis of the patients and provided interpretation
of the immunohistochemical staining results. KNS, HKJ, THK and SAJ critically
read and evaluated the manuscript. SAJ advised on the protocol and
analyzed the data. SEK designed on the study protocol, analyzed the data,
and supervised writing of the manuscript. All authors approved the
submitted version of the manuscript.

Acknowledgements

This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of
Education (2009-0070271).

Author details

'Department of Internal Medicine, Ewha Medical Research Institute, Ewha
Womans University School of Medicine, Seoul, Korea. “Department of
Pathology, Ewha Medical Research Institue, Ewha Womans University School
of Medicine, Seoul, Korea. 3Departmen‘[ of Surgery, Ewha Medical Research
Institute, Ewha Womans University School of Medicine, Seoul, Korea.
“Department of Health Promotion Medicine, Ewha Medical Research
Institute, Ewha Womans University School of Medicine, Seoul, Korea.

Received: 18 August 2013 Accepted: 23 October 2014
Published: 5 November 2014

References

1. Trayhurn P, Wood IS: Adipokines: inflammation and the pleiotropic role
of white adipose tissue. Br J Nutr 2007, 92(03):347.

2. Maeda K, Okubo K, Shimomura |, Funahashi T, Matsuzawa Y, Matsubara K:
cDNA cloning and expression of a novel adipose specific collagen-like
factor, apM1 (AdiPose Most abundant Gene transcript 1). Biochem
Biophys Res Commun 1996, 221(2):286-289.

3. HuE, Liang P, Spiegelman BM: AdipoQ is a novel adipose-specific gene
dysregulated in obesity. J Biol Chem 1996, 271(18):10697-10703.

4. Goldfine AB, Kahn CR: Adiponectin: linking the fat cell to insulin
sensitivity. Lancet 2003, 362(9394):1431-1432.

5. Kadowaki T, Yamauchi T: Adiponectin and adiponectin receptors. Endocr
Rev 2005, 26(3):439-451.

6. Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y, lwahashi
H, Kuriyama H, Ouchi N, Maeda K, Nishida M, Kihara S, Sakai N, Nakajima T,
Hasegawa K, Muraguchi M, Ohmoto Y, Nakamura T, Yamashita S, Hanafusa
T, Matsuzawa Y: Plasma concentrations of a novel, adipose-specific
protein, adiponectin, in type 2 diabetic patients. Arterioscler Thromb Vasc
Biol 2000, 20(6):1595-1599.

7. Halleux CM, Takahashi M, Delporte ML, Detry R, Funahashi T, Matsuzawa Y,
Brichard SM: Secretion of adiponectin and regulation of apM1 gene
expression in human visceral adipose tissue. Biochem Biophys Res
Commun 2001, 288(5):1102-1107.

8. Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, Hotta K,
Shimomura |, Nakamura T, Miyaoka K, Kuriyama H, Nishida M, Yamashita S,
Okubo K, Matsubara K, Muraguchi M, Ohmoto Y, Funahashi T, Matsuzawa Y:
Paradoxical decrease of an adipose-specific protein, adiponectin, in
obesity. Biochem Biophys Res Commun 1999, 257(1):79-83.

9. Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, Hotta K,
Nishida M, Takahashi M, Nakamura T, Yamashita S, Funahashi T, Matsuzawa
Y: Novel modulator for endothelial adhesion molecules: adipocyte-
derived plasma protein adiponectin. Circulation 1999, 100(25):2473-2476.

10.  Kershaw EE, Flier JS: Adipose tissue as an endocrine organ. J Clin
Endocrinol Metab 2004, 89(6):2548-2556.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Page 10 of 11

Hug C, Wang J, Ahmad NS, Bogan JS, Tsao TS, Lodish HF: T-cadherin is a
receptor for hexameric and high-molecular-weight forms of Acrp30/
adiponectin. Proc Natl Acad Sci U S A 2004, 101(28):10308-10313.

Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ: Overweight, obesity,
and mortality from cancer in a prospectively studied cohort of U.S.
adults. N Engl J Med 2003, 348(17):1625-1638.

Kolonel LN, Altshuler D, Henderson BE: The multiethnic cohort study:
exploring genes, lifestyle and cancer risk. Nat Rev Cancer 2004,
4(7):519-527.

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M: Body-mass index
and incidence of cancer: a systematic review and meta-analysis of
prospective observational studies. Lancet 2008, 371(9612):569-578.
Mantzoros C, Petridou E, Dessypris N, Chavelas C, Dalamaga M, Alexe DM,
Papadiamantis Y, Markopoulos C, Spanos E, Chrousos G, Trichopoulos D:
Adiponectin and breast cancer risk. J Clin Endocrinol Metab 2004,
89(3):1102-1107.

Dal Maso L, Augustin LS, Karalis A, Talamini R, Franceschi S, Trichopoulos D,
Mantzoros CS, La Vecchia C: Circulating adiponectin and endometrial
cancer risk. J Clin Endocrinol Metab 2004, 89(3):1160-1163.

Sharma D, Wang J, Fu PP, Sharma S, Nagalingam A, Mells J, Handy J, Page
AJ, Cohen C, Anania FA, Saxena NK: Adiponectin antagonizes the
oncogenic actions of leptin in hepatocellular carcinogenesis. Hepatology
2010, 52(5):1713-1722.

Perrier S, Jarde T: Adiponectin, an anti-carcinogenic hormone? A systematic
review on breast, colorectal, liver and prostate cancer. Curr Med Chem 2012,
19(32):5501-5512.

Kim AY, Lee YS, Kim KH, Lee JH, Lee HK, Jang SH, Kim SE, Lee GY, Lee JW,
Jung SA, Chung HY, Jeong S, Kim JB: Adiponectin represses colon cancer
cell proliferation via AdipoR1- and -R2-mediated AMPK activation. Mo/
Endocrinol 2010, 24(7):1441-1452.

Ogunwobi OO, Beales IL: Adiponectin stimulates proliferation and cytokine
secretion in colonic epithelial cells. Regul Pept 2006, 134(2-3):105-113.

Wei EK, Giovannucci E, Fuchs CS, Willett WC, Mantzoros CS: Low plasma
adiponectin levels and risk of colorectal cancer in men: a prospective
study. J Natl Cancer Inst 2005, 97(22):1688-1694.

Lukanova A, Soderberg S, Kaaks R, Jellum E, Stattin P: Serum adiponectin is
not associated with risk of colorectal cancer. Cancer Epidemiol Biomarkers
Prev 2006, 15(2):401-402.

Yoneda K, Tomimoto A, Endo H, lida H, Sugiyama M, Takahashi H, Mawatari
H, Nozaki Y, Fujita K, Yoneda M, Inamori M, Nakajima N, Wada K, Nagashima
Y, Nakagama H, Uozaki H, Fukayama M, Nakajima A: Expression of
adiponectin receptors, AdipoR1 and AdipoR2, in normal colon
epithelium and colon cancer tissue. Oncol Rep 2008, 20(3):479-483.
Williams CJ, Mitsiades N, Sozopoulos E, Hsi A, Wolk A, Nifli AP, Tseleni-Balafouta
S, Mantzoros CS: Adiponectin receptor expression is elevated in colorectal
carcinomas but not in gastrointestinal stromal tumors. Endocr Relat Cancer
2008, 15(1):289-299.

Hwang MS, Yu N, Stinson SY, Yue P, Newman RJ, Allan BB, Dornan D:
miR-221/222 targets adiponectin receptor 1 to promote the epithelial-
to-mesenchymal transition in breast cancer. PLoS One 2013, 8(6):266502.
World Health Organisation, International Association for the Study of Obesity,
International Obesity Task Force: The Asia-Pacific Perspective Redefining obesity
and its treatment. Health Communications; 2000.

Xu XT, Xu Q, Tong JL, Zhu MM, Huang ML, Ran ZH, Xiao SD: Meta-analysis:
circulating adiponectin levels and risk of colorectal cancer and adenoma.
J Dig Dis 2011, 12(4):234-244.

Otake S, Takeda H, Suzuki Y, Fukui T, Watanabe S, Ishihama K, Saito T,
Togashi H, Nakamura T, Matsuzawa Y, Kawata S: Association of visceral fat
accumulation and plasma adiponectin with colorectal adenoma: evidence for
participation of insulin resistance. Clin Cancer Res 2005, 11(10):3642-3646.
Otake S, Takeda H, Fujishima S, Fukui T, Orii T, Sato T, Sasaki Y, Nishise S,
Kawata S: Decreased levels of plasma adiponectin associated with
increased risk of colorectal cancer. World J Gastroenterol 2010,
16(10):1252-1257.

Saltevo J, Vanhala M, Kautiainen H, Kumpusalo E, Laakso M: Gender
differences in C-reactive protein, interleukin-1 receptor antagonist and
adiponectin levels in the metabolic syndrome: a population-based study.
Diabet Med 2008, 25(6):747-750.

Adamczak M, Rzepka E, Chudek J, Wiecek A: Ageing and plasma
adiponectin concentration in apparently healthy males and females. Clin
Endocrinol 2005, 62(1):114-118.



Tae et al. BMC Cancer 2014, 14:811
http://www.biomedcentral.com/1471-2407/14/811

32. Durand JL, Nawrocki AR, Scherer PE, Jelicks LA: Gender differences in
adiponectin modulation of cardiac remodeling in mice deficient in
endothelial nitric oxide synthase. J Cell Biochem 2012, 29(10):24206.

33. Lilja M, Rolandsson O, Norberg M, Soderberg S: The impact of leptin and
adiponectin on incident type 2 diabetes is modified by sex and insulin
resistance. Metab Syndr Relat Disord 2012, 10(2):143-151.

34. Tabatabaei-Malazy O, Hasani-Ranjbar S, Amoli MM, Heshmat R, Sajadi M,
Derakhshan R, Amiri P, Namakchian M, Rezazadeh E, Tavakkoly-Bazzaz J,
Keshtkar A, Larijani B: Gender-specific differences in the association of
adiponectin gene polymorphisms with body mass index. Rev Diabet Stud
2010, 7(3):241-246.

35. Kern PA, Gregorio GBD, Lu T, Rassouli N, Ranganathan G: Adiponectin
expression from human adipose tissue: relation to obesity, insulin
resistance, and tumor necrosis factor-a expression. Diabetes 2003,
52:1779-1785.

36. Wang Y, Lam KSL, Xu A: Adiponectin as a negative regulator in obesity-
related mammary carcinogenesis. Cell Res 2007, 17(4):280-282.

37. Obeid S, Hebbard L: Role of adiponectin and its receptors in cancer.
Cancer Biol Med 2012, 9(4):213-220.

38. Dalamaga M, Diakopoulos KN, Mantzoros CS: The role of adiponectin in
cancer: a review of current evidence. Endocr Rev 2012, 33(4):547-5%.

39.  Gialamas SP, Petridou ET, Tseleni-Balafouta S, Spyridopoulos TN, Matsoukis
IL, Kondi-Pafiti A, Zografos G, Mantzoros CS: Serum adiponectin levels and
tissue expression of adiponectin receptors are associated with risk,
stage, and grade of colorectal cancer. Metabolism 2011, 60(11):1530-1538.

40.  Fenton JI, Birmingham JM: Adipokine regulation of colon cancer: adiponectin
attenuates interleukin-6-induced colon carcinoma cell proliferation via
STAT-3. Mol carcinog 2010, 49(7):700-709.

41. Moon H-S, Liu X, Nagel JM, Chamberland JP, Diakopoulos KN, Brinkoetter
MT, Hatziapostolou M, Wu Y, Robson SC, lliopoulos D, Mantzoros CS: Salutary
effects of adiponectin on colon cancer: in vivo and in vitro studies in mice.
Gut 2013, 62(4):561-570.

42. Byeon JS, Jeong JY, Kim MJ, Lee SM, Nam WH, Myung SJ, Kim JG, Yang SK,
Kim JH, Suh DJ: Adiponectin and adiponectin receptor in relation to
colorectal cancer progression. Int J Cancer 2010, 127(12):2758-2767.

43, Fujisawa T, Endo H, Tomimoto A, Sugiyama M, Takahashi H, Saito S, Inamori
M, Nakajima N, Watanabe M, Kubota N, Yamauchi T, Kadowaki T, Wada K,
Nakagama H, Nakajima A: Adiponectin suppresses colorectal carcinogenesis
under the high-fat diet condition. Gut 2008, 57(11):1531-1538.

44, Mifflin RC, Pinchuk IV, Saada JI, Powell DW: Intestinal myofibroblasts:
targets for stem cell therapy. Am J Physiol 2011, 300:G684-G696.

45.  Konstantinopoulos PA, Vandoros GP, Karamouzis MV, Gkermpesi M,
Sotiropoulou-Bonikou G, Papavassiliou AG: EGF-R is expressed and AP-1
and NF-kB are activated in stromal myofibroblasts surrounding colon
adenocarcinomas paralleling expression of COX-2 and VEGF. Anal Cell
Pathol 2007, 29(6):477-482.

46.  Alexis D, Christelle G, Giulio G: The stroma reaction myofibroblast: a key
player in the control of tumor cell behavior. Int J Dev Biol 2004, 48:509-517.

47. Zavadil J, Haley J, Kalluri R, Muthuswamy SK, Thompson E: Epithelial-
mesenchymal transition. Cancer Res 2008, 68(23):9574-9577.

48. Takeuchi T, Adachi Y, Ohtsuki Y, Furihata M: Adiponectin receptors, with
special focus on the role of the third receptor, T-cadherin, in vascular
disease. Med Mol Morphol 2007, 40(3):115-120.

49. Berx G, van Roy F: Involvement of members of the cadherin superfamily
in cancer. Cold Spring Harbor Perspect Biol 2009, 1:6.

50. J-zR, J-r H: Correlation between T-cadherin gene expression and aberrant
methylation of T-cadherin promoter in human colon carcinoma cells. Med
Oncol 2012, 29(2)915-918.

51. Hwang J-T, Ha J, Park I-J, Lee S-K, Baik HW, Kim YM, Park OJ: Apoptotic
effect of EGCG in HT-29 colon cancer cells via AMPK signal pathway.
Cancer Lett 2007, 247(1):115-121.

52. Vetvik KK, Sonerud T, Lindeberg M, Luders T, Storkson RH, Jonsdottir K,
Frengen E, Pietilainen KH, Bukholm I: Globular adiponectin and its
downstream target genes are up-regulated locally in human colorectal
tumors: ex vivo and in vitro studies. Metabolism 2014, 63(5):672-681.

Page 11 of 11

doi:10.1186/1471-2407-14-811
Cite this article as: Tae et al: Involvement of adiponectin in early stage
of colorectal carcinogenesis. BVIC Cancer 2014 14:811.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Measurement of serum adiponectin
	Measurement of tissue adiponectin and AdipoRs mRNA expression
	Measurement of adiponectin and AdipoRs protein expression in tissues and cell lines
	Immunohistochemical staining for adiponectin and AdipoRs in tissues
	Cell culture
	Adiponectin treatment of the cell lines
	Measurement of AdipoRs, E-cadherin, COX-2, and T-cadherin mRNA expression in adiponectin-treated cells
	Statistical analyses

	Results
	Serum adiponectin levels in advanced adenoma and CRC were significantly lower than those in the control group, regardless of BMI
	Adiponectin in colon tissues originates from adipose tissues through systemic flow and the adiponectin expression pattern changes in the normal-adenoma-carcinoma sequence
	AdipoRs expression in epithelium decreased in the progression from normal tissue to advanced adenoma
	Adiponectin downregulates COX-2 mRNA expression and upregulates T-cadherin mRNA expression in HCT116 cells

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

