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Abstract

AIM: To investigate the effect of a high-fat diet in the
formation of the precursors of colorectal cancer using
an animal model.

METHODS: Wistar rats were divided into two groups
that were fed either a high-fat diet (HFD) or a normal-
fat diet (ND), and 1,2-dimethylhydrazine was admin-
istered at a dose of 40 mg/kg for 10 wk. The body
weight/liver weight/epididymal fat weight were re-
corded after rats were sacrificed, and the formation
of colonic adenoma was also observed. The levels of
insulin, leptin, tumor necrosis factor (TNF)-a, insulin-
like growth factor (IGF)-1 and triglycerides were
determined by enzyme-linked immunosorbent assay
in order to compare the altered levels of biochemi-
cal indices and inflammatory cytokines in the serum
between rats fed an ND and HFD. Cell proliferation
activity (Ki-67) was determined by immunohistochemi-
cal analysis. Western blot and immunofluorescence
staining were used to examine the expression of pro-
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liferating cell nuclear antigen (PCNA), cyclooxygenase
(COX)-2, cyclin D1, B-catenin and nuclear factor (NF)-
«B proteins in the adenoma and comparative control
tissues.

RESULTS: The number of colonic adenomas and the
colonic epithelial Ki-67 were significantly higher in the
HFD group than in the ND group. The HFD group also
had increased body weight, liver weight and epididy-
mal fat weight, which were associated with increased
levels of serum insulin, leptin, TNF-a, IGF-1 and tri-
glycerides. HFD induced upregulation of PCNA, COX-2,
cyclin D1, p-catenin and NF-«B proteins, as revealed by
Western blot and immunofluorescence staining.

CONCLUSION: HFD promotes the formation of co-
lonic adenoma through inflammation, metabolic abnor-
malities, and increases cell cycle progression.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: High-fat diet; Colonic adenomas; Inflam-
mation; Adipokines

Core tip: This study was undertaken to explore the effect
of a high-fat diet on the incidence of colonic adenoma
induced by intraperitoneal injection of 1,2-dimethylhy-
drazine in Wistar rats. We demonstrated that a high-fat
diet (HFD) increased the proliferative activity of colonic
epithelial cells, and we conclude that HFD-mediated
tumor growth could be associated with inflammation
and increased cell cycle progression. This study might
be conducive to understanding the nature of the rela-
tionship between high fat intake and the increased risk
of colorectal carcinoma.

Zhu QC, Gao RY, Wu W, Guo BM, Peng JY, Qin HL. Effect
of a high-fat diet in the development of colonic adenoma in an
animal model. World J Gastroenterol 2014; 20(25): 8119-8129
Available from: URL: http://www.wjgnet.com/1007-9327/full/

July 7,2014 | Volume 20 | Issue 25 |



Zhu QC et a/. High-fat diet in colonic adenoma

v20/i25/8119.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i25.8119

INTRODUCTION

Colorectal cancer (CRC), accounting for about 10% of
the incident cases of cancet, is a major cause of mot-
bidity and mortality worldwide, with > 1 million new
cases and > 600000 deaths annually, making it the fourth
leading cause of cancer deaths globally!™”. Genetic pre-

disposition seems to explain only a small proportion
of cases, while many of the risk factors for CRC are
associated with a Western lifestyle. Recently, many epide-
miological studies have provided evidence of a relation-
ship between dietary fat intake and an increased risk of
CRC". Most animal studies have shown that a high-fat
diet (HFD) leads to an increased number of chemically
induced aberrant crypt foci (ACFs)", which are identifi-
able lesions in experimental colon carcinogenesis and
tumors'”. In addition, high intake of dietary fat is known
to cause obesity in humans and rodents™” and has also
been implicated in colon cancer'”.

A recent study investigating the molecular mecha-
nisms of diet-induced obesity in a mouse model of coli-
tis-associated CRC demonstrated that an HFD results in
a two-fold higher number of colonic tumors compared
to animals fed a normal-fat diet (ND)". In the patho-
physiological state of obesity, adipose tissue is an active
endoctine and metabolic organ. Adipose tissue sectetes
various hormones and growth factors that have a role in
CRC development"’. Evidence for a positive relation-
ship between circulating insulin concentration and colon
cancer tisk exists, and a recent meta-analysis showed an
increased risk of CRC with high C-peptide/insulin levels
(relative risk = 1.31) in humans'"". Chronically elevated
concentrations of insulin decrease insulin-like growth
factor (IGF)-1 binding protein levels, which, in turn, in-
crease the circulating concentration of IGF-1"%, IGF-1
is a key mitogen required for cell cycle progression to
increase the risk of cellular transformation by enhancing
cell turnover”. The adipocyte-derived hormone leptin
is also elevated in individuals with obesity, and synthesis
of leptin in adipose tissue is influenced by insulin"",
Despite a lack of direct evidence that increased leptin
concentration is a risk factor for colon cancer, studies
have proposed that higher leptin concentrations may
form a possible link between obesity and colon cancer
or colorectal adenoma”. Adipose tissue in obese indi-
viduals is infiltrated with an increased number of macro-
phages, which appear to be responsible for the produc-
tion of many inflammatory cytokines’. Since the initial
discovery of escalated levels of tumor necrosis factor
(TNF)-a in blood and adipose tissue by Hotamisligil and
colleagues'”, many other adiposity-related inflammatory
molecules, such as interferon-y and interleukin-1, have
been identified in adipose tissue, and in some instances,
systemically'"”. Biomarkers of systemic inflammation
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other than adipokines include pro-inflammatory cyto-
kines (eg., IL-6) and chemokines (e.g., CXCL-10) which
have been suggested to be closely related to excess adi-
pose tissue accumulation™”, Tt is now widely accepted
that obesity is associated with a state of chronic, low-
grade inflammation™, which may represent an addition-
al mechanism linking increased adiposity to colorectal
carcinogenesis”'.

Although the link between an HFD or diet-induced
obesity and an increased risk of CRC has been inves-
tigated in population-based observational studies, as
well as in vitro (experimental) studies (mostly focused
on the incidence of ACFs or the change in growth of
xenografted human colon cancer cells), there is little un-
derstanding concerning the effect of an HFD in the for-
mation of the precursors (colonic adenomas) of CRC.
Therefore, the present study was undertaken to explore
the effect of HFD on the incidence of 1,2-dimethylhy-
drazine (DMH)-induced 77 situ colon carcinogenesis.

MATERIALS AND METHODS

Animals and chemicals

In this study, 4-wk-old male Wistar rats (180-200 g) that
were obtained from Shanghai Shrick Laboratory Animal
Corporation were utilized. All animals were housed in
plastic cages (four or five rats/cage) under controlled
conditions of humidity (44 £ 5%), light (12 h light/dark
cycle) and temperature (22 = 2 'C). DMH was purchased
from Sigma-Aldrich (St. Louis, MO, United States) and
freshly prepared before use in 1 mmol/L EDTA-saline,
with pH adjusted to 7.0 using dilute NaOH solution.

Experimental procedures

Twenty 4-wk-old male Wistar rats were divided into two
groups: an ND group (#z = 10) and an HFD group (# =
10). These rats were acclimatized to the rodent normal
diet and water was given ad /ibitum for 1 wk. After ac-
climation, the animals were fed either an ND (13.5%
of calories coming from fat, 58% from carbohydrates,
and 28.5% from protein, RD5001) or an HFD (45%
of calories being supplied from fat, 35% from carbohy-
drates, and 20% from protein, D12451) purchased from
LabDiet (St. Louis, MO, United States) and Research
Diets (New Brunswick, NJ, United States). The diets
were stored at -20 ‘C and fresh diets were provided daily
to allow the rats free access to food. Daily food intake was
monitored throughout the study. Rats at 6 wk of age from
the two groups were intraperitoneally injected with DMH
(40 mg/kg) once weekly for 10 consecutive weeks and were
euthanized at 16 wk (colonic adenomas were found from
weeks 14 to 18, according to prior studies by Peng ez a™).
The majority of these tumors harbored mutations in
the (B-catenin gene, which is similar to hereditary non-
polyposis colorectal cancer. These mutations affected the
N-terminal amino acids of the -catenin gene product,
making the protein resistant to regulatory degradation,
stabilizing [B-catenin, and increasing WN'T signaling to
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Figure 1 Experiment protocol and representative images of colonic adenomas. A: Colonic adenoma experiment protocol. Rats (4-wk-old) were divided into a
normal-fat diet (ND) group (n = 10) and a high-fat diet (HFD) group (n = 10). Sixteen weeks after the start of 1,2-dimethylhydrazine (DMH) intraperitoneal injection, the
rats were euthanized; B: Representative images of adenomas in colon specimens from the ND group (above) and HFD group (below) when the colons were opened

longitudinally. The location of the adenomas is indicated by arrows.

drive tumorigenesis. The colonic adenoma experimental
protocol is shown in Figure 1A. Animal body weights in
all groups were recorded once weekly until the termina-
tion of the experiment. Figure 1B is a representative pic-
ture showing the incidence of colon tumors in rats fed
either NDs or HFDs. The experimental protocol was
approved by the Animal Care and Use Committee and
the Ethics Committee of Shanghai Jiao Tong University.

Necropsy and tumor enumeration

The day before animals were euthanized they were kept
on overnight fasting with drinking water ad /bitum and
euthanized on the next day. After they were anesthe-
tized (ketamine 100 mg/kg + xylazine 15mg/ kg, i.p.),
blood samples were taken by heart puncture™. Samples
were centrifuged for 15 min at 4000 rpm, the serum
was separated and aliquoted, and frozen at -80 ‘C until
further analysis. The entire colon was removed, opened
longitudinally, and rinsed in ice-cold saline. The colons
were laid flat on an aseptic towel, and the total number
of tumors in the entire colon was enumerated. After
that, the tumors were cut into halves; one was prepared
for histological examination, and the other was placed in
a cryotube and frozen immediately in liquid nitrogen for
Western blot. The liver and epididymal fat were also col-
lected and weighed.
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Oil red O staining

Liver tissue sections from the ND and HFD groups were
fixed for 24 h in 4% paraformaldehyde, 0.2% picric acid,
and 0.5% glutaraldehyde in 0.2 mol/L phosphate buffer
(pH = 7.4) at 4 'C. After being washed for 1 d with 15%
sucrose at 4 “C, the sections were incubated for 1 h in an
Oil Red O dye bath to stain for fat accumulation. After
the stain was removed and the sections were washed
with 60% isopropanol, the image of each group was
photographed.

Enzyme-linked immunosorbent assay

The levels of serum triglycerides, cholesterol, insulin,
IGF-1, leptin and TNF-q, IL-6, CXCL-10 were mea-
sured using corresponding enzyme-linked immunosot-
bent assay (ELISA) kits (RD, Minneapolis, MN, United
States) (7 = 10 from each group) according to the manu-
facturer’s instructions.

Histological examinations and immunohistochemistry

The colon tissues were fixed in 10% neutral phosphate-
buffered formalin, routinely processed, sectioned at 5
um, and stained with hematoxylin and eosin for light
microscopic examination. For immunohistochemistry,
formalin-fixed paraffin-embedded colonic sections were
deparaffinized, rehydrated, and incubated for 5 min in
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3% H202 to deactivate endogenous peroxidase. The
sections were blocked with 5% bovine serum albumin,
incubated successively with anti-Ki-67 antibody (1:200;
Abcam, Cambridge, MA, United States) and biotinylated
horse anti-mouse secondary antibody (Vector Labora-
tories, Burlingame, CA, United States) in accordance
with the manufacturer’s instructions, and finally counter-
stained with hematoxylin. The staining of Ki-67 was
evaluated by two independent investigators using bright-
field light microscopy.

Immunofiuorescence staining

To visualize the expression of cyclooxygenase (COX)-2
and cell cycle-related proteins such as proliferating cell
nuclear antigen (PCNA), immunofluorescence was per-
formed. Paraffin sections were blocked for endogenous
peroxide and treated for optimal antigen retrieval as
described before. Sections were incubated with PCNA
and COX-2 antibodies (Cell Signaling Technology,
Danvers, MA, United States). The sections were further
probed with a cyanine-3 conjugated anti-IgG secondary
antibody (Jackson ImmunoResearch Laboratories, Phila-
delphia, PA, United States). Cell nuclei were stained with
4,6-diamidino-2-phenylindole (DAPI). Incubation with-
out the first antibody served as a negative control. Imag-
es of tumor sections were acquired under a DSY5000X
microscope using the Nikon D200 camera and imaging
system.

Western blot

The colonic tissues were homogenized, sonicated, and
transferred into ice-cold lysis buffer containing a prote-
ase inhibitor. The protein concentration was determined
using the BCA Protein Assay Kit (Pierce Biotechnology,
Rockford, IL, United States). The extracted proteins
were separated on 10% SDS-PAGE, and transferred
onto polyvinylidene difluoride membranes (Millipore,
Bedford, MA, United States). The membranes were then
incubated at 4 'C overnight with the appropriate primary
antibodies specific for PCNA, cyclin D1, 3-catenin, and
NF-kB (1:1000; Cell Signaling Technology). After that,
the membranes were washed three times (20 min each)
with Tris-buffered saline (IBS) containing 0.1% Tween
20 (IBS-T), and then incubated for 1 h with the ap-
propriate horseradish-peroxidase-conjugated secondary
antibody (1:2000) in TBS-T for 4 h at 4 C. Finally, the
proteins were visualized by the enhanced chemilumines-
cence method (ECL kit, Pierce) according to the manu-
facturer’s instructions. [B-actin was used as an internal
loading control.

Statistical analysis

Quantitative variables were analyzed using Student’s #
test or Mann-Whitney test. The data are presented as
mean * SD. The confidence intervals throughout the
study were set at 95%. A two-sided P value < 0.05 was
regarded as statistically significant. The statistical analy-
ses were performed using GraphPad Prism version 5.01
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(GraphPad, San Diego, CA, United States) and SPSS for

Windows version 19.0.

RESULTS

HFD consumption significantly increases total body
weight, liver weight and epididymal fat weight

All rats from both groups survived to the end of the
study (16 wk). Then, we measured the total body weight,
liver weight and epididymal fat weight. As shown in
Figure 2, the body weight was significantly higher in the
HFD group than in the ND group after 1 wk of treat-
ment (ie., at 6-wk-old), and this difference was main-
tained until the end of the study (Figure 2A). At the be-
ginning of the study, the average body weight was 181.5
+ 9.3 gand 187.7 £ 6.5 g in the ND and HFD groups,
respectively (P = 0.054). By the study end at 16 wk, the
average body weight significantly increased to 317.4 *
8.2 g in the ND group and 368.6 £ 13.1 g in the HFD
group (P < 0.01). In addition, there was also a signifi-
cant increase in liver weight and epididymal fat weight
in the HFD and ND groups. At the end of the study,
the average liver weight significantly increased to 8.43 *
1.13 g in the ND group and 11.61 £ 1.28 g in the HFD
group (1.38-fold increase, P < 0.01), and the Oil Red O
examination showed that there were more lipid droplets
in the liver cells (Figure 2B, C). Weight of epididymal fat
significantly increased to 3.19 £ 0.26 g in the ND group
and 5.13 £ 0.45 g in the HFD group (1.61-fold increase,
P < 0.01) (Figure 2D).

Enhanced formation of colonic adenoma and increased

cell proliferation in rats fed an HFD

After the rats were euthanized, we found that tumors
were successfully induced in both groups, although there
were differences in tumor number. We determined the
accurate tumor number by visual counting, as well as
their histological appearance (only those with pathologi-
cally confirmed adenomas were included). The number
of colonic adenomas was significantly higher in the HFD
group than in the ND group (Figure 2E). The mean
number of adenomas in the HFD group was 4.2 per rat,
while the ND group had only 1.9 tumors per rat (P < 0.01).
The microscopic characteristics of the colonic adenomas
in the ND and HFD groups are shown in Figure 3A and B,
respectively, and it should be noted that no morphologi-
cal differences in the adenomas were observed between
the ND and HFD groups. To examine the facilitative ef-
fect of an HFD on the formation of colonic adenoma,
the precursor of colorectal carcinogenesis, the prolifera-
tive activity of the colonic epithelial cells was determined
using Ki-67 staining. As shown in Figure 3C-F, which
includes adjacent normal epithelial and adenoma tissues,
there was a significant increase in Ki-67 staining in the
adenomas in the HFD group compared with the ND
group. In particular, we found that in Ki-67" crypts from
adjacent normal epithelium, Ki-67" cells were mainly
restricted to the bottom of the colonic crypt in the ND-
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Figure 2 Changes in body weight and representative images of the liver. A: Changes in body weight of rats fed a normal-fat diet (ND) (blue line, n = 10) and
high-fat diet (HFD) (red line, n = 10). Significant differences were observed between the ND and HFD groups at all time points except for the initial 2 wk; B: Represen-
tative images of the liver from the ND group (left) and HFD group (right). The liver from the HFD group appeared to have a fatty liver-like appearance, and the Oil Red
O staining also present that there are more lipid droplets in the cytoplasm of liver cells. Imaging was documented at % 200 magnification; C: Average weight of the
liver from the two groups. Each column represents the mean + SD of 10 rats/group; D: Average weight of epididymal fat from the two groups. Each column represents
the mean + SD of 10 rats/group. °P < 0.01, ND vs HFD; E: Average number of adenomas for rats fed an ND and HFD.

fed rats, while Ki-67" cells in the positive crypts of HFD-
fed rats were mostly present throughout the height of the
crypt. Therefore, these results indicated that the prolifera-
tive activity of the colonic epithelial cells was promoted
by the HFD, which resulted in an increase in the forma-
tion of colonic adenoma.

HFD consumption alters the levels of biochemical
indices and inflammatory cytokines in serum

As stated in the Introduction, it is widely accepted that
adipose tissue is an active endocrine organ responsible
for the production of many inflammatory cytokines.
So, we examined the proinflammatory cytokine TNF-q,
which has been linked to an increased risk of CRC. Sig-
nificant increases in the levels of TNF-a were observed
in the HFD group compared with the ND group (P <
0.05, Figure 4A). We next investigated the serum levels
of various metabolites in the ND and HFD groups. The
concentrations of serum insulin, leptin, IGF-1, triglyc-
erides cholesterol 11.-6, and CXCIL.-10 increased in the
HFD-fed group compared with the ND-fed group to a
different extent (Figure 4B-H).

HFD enhances expression of PCNA and COX-2 in
colonic adenomas
We hypothesized that HFD could promote the forma-
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tion of colonic adenomas. As described above, we ob-
served that the HFD group had more tumors than the
ND group, and the proliferative activity in the HFD
group was higher than that in the ND group. We further
investigated whether HFD could modulate the expres-
sion of the inflammatory biomarker COX-2 and another
proliferation biomarker PCNA in tumor tissues. Through
immunofluorescent staining, we observed that HFD sig-
nificantly augmented expression of PCNA (Figure 5A)
and COX-2 (Figure 5B) in tumor tissues. Meanwhile, the
expression of these two biomarkers in normal colon tis-
sues was slightly elevated in the HFD group than in the
ND group, although their expression levels remain lower
than the tumor tissues. In order to investigate the prob-
able mechanism of action, we determined the expression
of NF-kB, B-catenin, cyclin D1 and PCNA in adenoma
tissues using Western blot (Figure 6A, B). We found that
HFD consumption significantly increased the nuclear
levels of cell cycle modulator proteins such as PCNA
and cyclin D1 in adenoma tissues (P < 0.01). In addi-
tion, HFD consumption also increased the nuclear levels
of transcription factor NF-xB (P < 0.01) and B-catenin
(P < 0.001). These results demonstrated that consump-
tion of HFD could alter the expression of cyclin D1
and COX-2 proteins, which were correlated with tumor
growth in colorectal carcinogenesis. The molecular
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Figure 3 Representative photomicrographs showing the histological characteristics and proliferative state of colonic adenoma. A and B: Histological char-
acteristics of colonic adenoma in the normal-fat diet/high-fat diet (ND/HFD) groups, and the magnified micrograph (right) highlights the area from the corresponding
white rectangle (left); C and D: Representative immunohistochemical staining of proliferative activity (Ki-67, brown) of colonic epithelial cells in the ND/HFD groups; C:
Adjacent normal epithelial cells; D; Colonic adenoma tissue; E and F: Ki-67-positive cells were quantified for adjacent normal epithelium (E) and adenoma tissue (F)
by counting the positive cells per field (n = 5 per group, °P < 0.01, HFD-fed vs ND-fed). The magnification is marked in the lower right of the pictures, respectively.

MM: Magnified micrograph.

mechanisms were through the upregulation of [-catenin
and NF-kB proteins, respectively””.

DISCUSSION

It has been reported that dietary factors are thought to
account for about 30% of cancers in Western countries,
and the contribution of diet to cancer risk in developing
countries is lower, perhaps about 20%". A diet-cancer
question that has become contentious in recent years is
HFD and the role it might play in the development of
human CRC*. Tn animal models, the dysplastic aberrant
crypts or intraepithelial neoplasia have the potential to
progress to advanced adenoma, which has a significant
potential to transform into adenocarcinoma through a
series of genetic and epigenetic alterations, the adeno-
* Therefore, this study was

ma-carcinoma sequence
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undertaken to explore the effect of an HFD on the in-
cidence of colonic adenoma induced by intraperitoneal
DMH injection in Wistar rats.

The DMH model of colon carcinogenesis is a valid,
well-appreciated, and widely used model of experimental
colon carcinogenesis. It shares many similarities to hu-
man sporadic CRC™, and nowadays is widely used for
the evaluation of environmental, dietary, and chemopre-
ventive agents in the colon cancer process. Because the
susceptibility to DMH-induced colorectal carcinogenesis
is sex and age dependent, 6-wk-old male F344, Wistar
and Sprague-Dawley rats are most frequently used”,
we chose Wistar rats in our experiments. We found that
tumors were successfully induced in both groups, al-
though there were differences in tumor number. We did
not find colon obstruction or hemorrhage in any of the
rats when they were sactificed, and we deduced that this
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Figure 4 Levels of biochemical indices and inflammatory cytokines in serum between normal-fat diet and high-fat diet groups. Each column represents the
mean + SD; (n = 10/group). A: Levels of TNF-o (86.62 + 15.77 vs 136.60 + 17.60, P = 0.034); B: Levels of insulin (0.176 + 0.03 vs 0.326 + 0.05, P = 0.024); C: Levels
of leptin (608.70 + 172.0 vs 966.90 + 239.0, P = 0.002); D: Levels of IGF-1 (49.46 + 16.74 vs 110.0 + 26.29, P = 0.045); E: Levels of triglycerides (0.406 + 0.108 vs
0.992 +0.097, P =0.002); F: Levels of cholesterol (5.645 + 0.82 vs 6.486 + 1.06, P = 0.044); G: Levels of IL-6 (59.08 + 8.405 vs 76.83 + 7.310, P = 0.004); H: Levels
of CXCL-10 (35.47 + 5.04 vs 45.57 + 9.45, P = 0.008). TNF-v: Tumor necrosis factor c; IGF-1: Insulin growth factor 1. IL-6: Interlukin-6; CXCL-10: Chemokine-10. (*P

<0.05,°P<0.01, ND vs HFD).

can be explained by the small tumor volume and its eatly
stage.

There are recent reports on the role of HFD in colon
carcinogenesis. A previous study by Endo ez al™ indicat-
ed that the number of ACFs and colonic epithelial cell
proliferative activity were significantly higher in the HFD
than in the ND group, and colonic cell proliferation was
promoted via the JNK pathway in the presence of an
HFD. Morotomi ¢/ al”" demonstrated the enhancing ef-
fect of an HFD on ACFs and colonic tumor formation
in azoxymethane-injected F344 rats. Park e al”” evalu-
ated whether HFD could increase colon cancer growth
and metastasis in an xenograft tumor model in which
CT26 colon cancer cells were subcutaneously injected
into BABL/c mice, and confirmed that solid tumor
growth as well as the number and volume of tumor nod-
ules in the lungs were increased markedly in the HFD
group than in the ND group. In accordance with previ-
ous studies, we showed a significant increase in the for-
mation of colonic adenoma (P < 0.01) and an increase
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in the proliferative activity (Ki-67) of colonic epithelial
cells in the HFD group compared with the ND group.
It is known that hyperproliferation increases the risk of
endogenous mutations in tumor suppressor genes and
oncogenes and thus the cancer risk™. These results sug-
gest that HFD consumption accelerates tumor growth in
a chemical-induced colonic adenoma model.

Our results also showed that the average body weight,
liver weight and epididymal fat weight were significantly
higher in rats fed an HFD, which indicates that fat tis-
sue mass reflects excess energy consumption in this ani-
mal model. Increased caloric intake, usually including
an HFD, often results in elevated epididymal fat pads,
which leads to obesity in many strains of mice, which also
resembles human obesity”". Choe ez 2/’ have also indicated
that visceral obesity is a risk factor for colorectal adenoma
formation, although it does not have an additional effect
on its further progress to colorectal carcinoma. This can be
indirectly reflected by the high concentrations of serum tri-
glycerides in the HFD group compared with the ND group.
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Figure 5 Expression of proliferating cell nuclear antigen and cyclooxygenase -2 in colonic adenoma and normal control tissue for both normal-fat diet and
high-fat diet groups by immunofluorescence staining. A: Representative images of immunofluorescence staining for proliferating cell nuclear antigen (PCNA); B:
Representative images of immunofluorescence staining for cyclooxygenase -2 (COX-2). The proteins are stained red with corresponding secondary antibody con-
jugated with Cy3, and cell nuclei are stained blue with 4,6-diamidino-2-phenylindole (DAPI). Imaging was documented at x 400 magnification. ND: Normal-fat diet;

HFD: High-fat diet.

In addition, Nieman e a/” reported that adipose tissue
was characterized by a state of low-grade inflammation.
The close link between chronic inflammation and the
development of CRC is supported by epidemiological
studies. TNF-q, first identified as an antitumor agent, is
now also recognized as a tumor-promoting cytokine that
links inflammation and cancer””. It has been reported
that TNF-a plays a prominent role in obesity-induced
inflammation and has been shown to be elevated in the
circulation as well as in some tissues of obese humans
and rodents™. In this study, we found that the serum
concentration of TNF-o was higher in the HFD group
than in the ND group. This cytokine has the ability to
promote cell proliferation and survival™, therefore, our
data might conclude that HFD-induced obesity increases
the risk of colonic adenoma by inducing chronic inflam-
mation. The importance of TNF-a and its downstream
signaling pathways in obesity-mediated colon cancer
growth has also been confirmed by Flores ez al™ and Liu
et al*” in a different colon cancer model. Furthermore,
adipocytes can secrete adipokines and cytokines, which
are known to promote tumor development, such as
IGF-1, insulin, leptin, and interleukin-6"""". These adipo-
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cyte-associated molecules are implicated in cell growth,
proliferation, differentiation and cell cycle control, as de-
scribed in the Introduction. The mechanisms for the in-
volvement of these molecules in diet-induced obesity in
colon carcinogenesis have been preliminary investigated
by Park ez al”. Their results have led to speculation that
HFD-induced obesity facilitates colon tumor formation,
possibly by regulating downstream targets of circulating
adiposity-related factors viz receptor-mediated signaling
of the phosphatidylinositol 3-kinase/Akt and extracel-
lular signal-regulated (ERK)1/2 pathways. Our data in-
dicated that HFD-fed rats produced significantly higher
amounts of insulin, IGF-1 and leptin. This may explain
why there are more adenomas and higher proliferative
state in the HFD group compared with the ND group.
It is reported that NF-xB inhibitor protein (Ix-Boy)
is phosphorylated by Ik-Ba kinase and is subjected to
ubiquitin-mediated degradation. Degradation of Ik-Ba
allows the nuclear translocation of activated NF-kB and
upregulation of COX-2 gene in cancer cells. Vaish ¢# al®
have confirmed that COX-2 is a downstream target for
NF-kB in inhibiting apoptosis and promoting neoplasia.
Opverexpression of COX-2 is also frequently observed
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Figure 6 Western blot analyses for proliferating cell nuclear antigen, cyclin D1, nuclear factor-kappa B and p-catenin. A: Representative Western blotting
images are shown in the left panel (n = 8/group); B: Right panel: graphs showing the expression ratio of each protein over B-actin in the high-fat diet (HFD) group
compared with the normal-fat diet (ND) group. °P < 0.01, °P < 0.01, HFD group vs ND group. PCNA: Proliferating cell nuclear antigen; NF-«B: Nuclear factor-kappa B.

in the inflammation and progression of colorectal tu-
mors™*, During the proliferation of colon cancer
cells, cell cycle-related proteins such as cyclin D1 and
PCNA are major regulators of cell cycle progression
and DNA replication, respectivel;r[45’46]. In the present
study, immunofluotescence staining indicated that HFD
consumption could augment the expression of PCNA
and COX-2 proteins in tumor tissues. To confirm our
findings, we further examined the expression of these
malignant biomarkers using Western blot. We found that
HFD consumption induced expression of PCNA and
cyclin D1 proteins in tumor tissues. The molecular ac-
tions of HFD consumption were also associated with
upregulation of transcription factors such as [-catenin
and NF-kB. These results suggest an important role
for B-catenin and NF-xB in regulating the expression
of cyclin D1 and COX-2 during HFD-mediated tumor
growth, respectively. Furthermore, we can conclude that
HFD-mediated tumor growth is associated with inflam-
mation and increased cell cycle progression, although
we did not refer to the exact molecular mechanisms in-
volved in this relationship.

In summary, our study demonstrated that HFD con-
sumption could promote the formation of colonic ad-
enoma through inflammation, metabolic abnormalities,
and increased cell cycle progression in a DMH-induced
tumor model. In the future, continued investigations are
needed to elucidate the precise molecular mechanisms
in the process of colorectal carcinogenesis under HFD
conditions.

COMMENTS

Background

Colorectal cancer (CRC) is a major cause of morbidity and mortality worldwide.
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Although the link between a high-fat diet (HFD) and an increased CRC risk has
been investigated in population-based observational studies, as well as in vitro
studies, there is little understanding concerning the effects of HFD in the forma-
tion of the precursor (colonic adenoma) of CRC. Therefore, this study was un-
dertaken to explore the effect of HFD on the incidence of 1,2-dimethylhydrazine
(DMH)-induced colon carcinogenesis.

Research frontiers

Despite accumulating evidence, the molecular mechanisms underlying the influ-
ence of a high intake of dietary fat on the promotion of colorectal carcinogenesis
are not fully understood. The possibility that elevated plasma insulin level pro-
motes CRC has also been debated. Some studies support the hypothesis that
insulin acts as an important growth factor for colonic epithelial cells. In addition,
activation of the inflammation pathway is likely correlated with HFD consump-
tion. These findings suggest that HFD could mediate the development of tumor
inflammation through upregulation of cyclo-oxygenase (COX)-2 and activation of
multiple signaling cascades including nuclear factor (NF)-kB cascade.

Innovations and breakthroughs

Although most animal experimental studies have shown that an HFD leads to
an increased number of chemically induced aberrant crypt foci, which are iden-
tifiable lesions in experimental colon carcinogenesis and colon tumors, there is
little understanding concerning the effects of HFD in the formation of the pre-
cursor (colonic adenoma) of CRC. This is believed to be the first study to report
that HFD can promote the formation of colonic adenoma in a DMH-induced
tumor model. The authors demonstrated an important role of B-catenin and NF-
«B in regulating the expression of cyclin D1 and COX-2 during HFD-mediated
tumor growth, respectively.

Applications

By understanding how HFD promotes colon carcinogenesis, the identification
and evaluation of the relationship between colonic adenoma and high intake of
dietary fat will be crucial for the development of preventive strategies against
CRC in the near future.

Terminology

DMH is the most commonly used carcinogen to induce and promote colorectal
tumors in rats and mice. DMH is an alkylating agent that is typically injected in-
traperitoneally or subcutaneously over several weeks to induce development of
tumors in the colon. In addition, tumor incidence and multiplicity can be altered
by both genetic background and by diet. This makes the models useful for the
study of gene-gene and gene-environment interactions that influence the patho-
genesis of CRC.

Peer review

This is a good study in which authors investigated the facilitative effect of HFD

8127 July 7,2014 | Volume 20 | Issue 25 |



Zhu QC et a/. High-fat diet in colonic adenoma

on the formation of colonic adenoma induced by DMH in Wistar rats. The re-
sults are reliable and suggest a significant role of HFD in the development of
colon adenoma. This study represents a further step in trying to understand the
mechanisms involved in this relationship.
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