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Abstract

Background: A high fat diet induces fatty infiltration of visceral organs and has been associated
with the development of some cancers and may influence the progression and spread of cancer.
The impact of high fat diet on the growth and development colorectal liver metastases is
uncertain.

Methodology: Liver metastases were induced in CBA mice using a murine derived colon cancer
cell line by intrasplenic injection. Mice were fed either a high fat (60% fat content) (n = 20) or
low fat diet (5% fat content) (n = 20) for 6 weeks prior tumor induction and maintained on the
same diet thereafter. Tumor volume and patterns of spread were assessed at day 21 post
induction. Tumor necrosis, apoptosis and proliferation were assessed using
immunohistochemistry.

Results: No difference in liver metastases, tumor necrosis or apoptosis was observed between
the two groups. There was a trend towards increased tumor proliferation in the high fat diet
group.

Conclusions: A high fat diet alone did not induce tumor stimulation and progression of
colorectal liver metastases. Several studies have alluded to the deregulation of catabolic
cytokines present in malignancy in the obese state and this may explain the negligible effects of
a high fat diet.
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Introduction Several epidemiological studies have

implicated obesity as an independent risk
Clinical and experimental studies have shown  factor for certain malignancies including
an association between obesity and increased  endometrial [5], colorectal [6], breast cancer in
incidence and progression of cancer [1-4].  postmenopausal women [7] and renal cell
carcinoma in women [8] and men [9]. The
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Colorectal cancer is the second leading cause
of cancer related mortality with the majority
of deaths attributable to liver metastases [11].
Obesity appears to confer an increased risk of
developing colorectal cancer (CRC) [6,12]. It
is associated with changes in the tumor
microenvironment such as angiogenesis [13]
and invasion [14,15] resulting in tumor
spread [16]. Whether obesity itself is a risk
factor for tumor development and
progression or it is related to a high fat diet is
undetermined. Studies with mice fed a high-
calorie diet show increased proliferation in
epithelial cells of the pancreas, prostate [17]
and colon [18]. In contrast, numerous other
studies demonstrate that restricted caloric
intake inhibits tumor growth, particularly in
breast cancer [19,20].

This study investigates the effect of a high
caloric diet on colorectal liver metastases in
an experimental model. We hypothesise a
high fat diet leads to tumor stimulation and
altered tumor cell kinetics.

Methodology

Experimental design
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Six to eight week old CBA male mice
(Laboratory Animal services, University of
Adelaide, South Australia) were housed in
standard cages with access to food and water
ad libitum. All procedures were performed
with ethics approval from the Austin Hospital
animal ethics committee. Mice were divided
into a high fat (n = 20) (19.4% protein, 20.6%
carbohydrate and 60% fat, SF02-006) and
control, low fat (n = 20) (19.4% protein, 75.6%
carbohydrate and 5% fat, SF00-229) diet
(Specialty Feeds, WA, Australia). Mice
consuming the high fat diet are referred to as
“HF” and mice consuming the low fat diet,
“LF”. Mice were maintained on the specified
diets for 6 weeks prior to tumor induction

Liver Metastases Model

A dimethyl hydrazine (DMH) generated
primary colon carcinoma murine derived cell
line was utilized for induction of liver
metastases This model of liver metastases has
been previously established [21]. The cell line
was maintained as solid tumors in the flanks
of CBA mice. At the time of induction tumors
were excised and a cell suspension was
prepared as previously described [21]. Trypan
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Figure 1 - A high fat diet does not induce tumor growth or have an effect on tumor necrosis.

Mice were induced with colorectal liver metastases via intrasplenic injection. The effect of a high
fat diet (60% fat) versus low fat diet on the percentage of liver metastases was investigated 3
weeks post tumor induction. a. A HF diet did not stimulate liver metastases 76.8% * 0.61 versus
low fat 74.9% + 0.42 (p = 0.83). b. Percentage tumor necrosis was similar in the LF 49% * 6.4 versus

HF 35% + 4.1 (p = 0.076).
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Figure 2 - High fat results in a trend towards increased tumor proliferation but has no effect on

tumor apoptosis.

Tumor proliferation and apoptosis were assessed using immunohistochemistry for the nuclear
proliferative marker, Ki-67 and caspase-3 respectively. Positive staining is demarcated by intense
brown staining using the DAB method. a. There was a trend towards increased tumor proliferation in
the high fat diet group 0.34 £ 0.02 compared to the low fat 0.29 = 0.02 group (p = 0.061). b. Both
groups demonstrated highly proliferative tumors with minimal apoptosis 0.03 + 0.005 versus high fat

0.02 +0.003 (p = 0.23).

blue exclusion was used to attain a cell
concentration of 1X10¢ cells/ml. Mice were
anaesthetized using a mixture of ketamine
(100mg/kg, Pfizer, New Zealand) and
xylazine (10mg/kg, Troy Laboratories,
Australia). Liver metastases were induced via
an 0.05 ml intrasplenic injection (50,000 cells).
Time was allowed for passage of tumor cells
from the spleen to the liver via the portal
circulation after which a splenectomy was
performed. In this model macroscopic liver
tumors are evident by day 10 following
induction. This is followed by a rapid
exponential growth phase with fully
established tumors by day 20 [21]. Animals
were killed 21 days following tumor
induction. The volume of tumor within the
liver was determined by stereology using
techniques previously described [21].

Histologic analysis

Tumor histology was examined using
haematoxylin and eosin (H&E) staining using
standard protocol [22]. Sections were
examined using light microscopy to detect

32

changes in tumor cell morphology and
necrosis following treatment. The percentage
of tumor necrosis was quantified using image
analysis software.

Tumor cell kinetics

The effect of high and low calorie diet on
tumor apoptosis and proliferation was
quantified using immunohistochemistry of
paraffin embedded sections. Detection was
conducted using the Envision + horseradish
peroxidase  detection  system  (K4011)
(DakoCytomation, =~ Denmark).  Antigen
retrieval was performed using citrate buffer
(ImM, pH=6) at 99°C for 20 minutes. Sections
were then incubated with the primary
antibody, Ki-67 (mAb DakoCytomation,
Denmark) and caspase-3 (R&D Systems,
USA). Endogenous peroxidase activity was
quenched using peroxidase block (Envision+
kit, DakoCytomation, Denmark) for 30
minutes at room temperature. This was
performed before (Ki-67) or after (caspase-3)
incubation with the primary antibody. A
secondary antibody (polyclonal rabbit anti-
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Figure 3 - Similar histologic features were demonstrated by low and high fat tumor
specimens. Routine hematoxylin and eosin staining was performed on 3 pm sections and the
percentage of tumor necrosis was quantified. Control tumors demonstrated poor-to-
moderate differentiation. Tumors were cohesive with minimal central necrosis and displaced
the surrounding normal liver. Ki-67 staining within tumors was heterogeneous, with
features observed common to both control and high fat groups. Immunoreactivity within
each specimen was variable with some tumors being highly proliferative, whilst others
displayed minimal proliferation. Apoptotic cells were demarcated by intense brown staining
using the DAB method and no real differences were observed between low and high fat

specimens.

rat, E0468) was applied at a 1:200 dilution for
30 minutes (this step was omitted for caspase-
3). Sections were then incubated with
horseradish peroxidase (HRP)-complex for 30
minutes at room temperature. The substrate-
chromogen, DAB (diaminobenzidine), was
added and incubated for 10 minutes. Sections
were counterstained with haematoxylin,
dehydrated in ascending ethanol and
mounted for viewing with light microscopy.
Presence of the respective antigens was
denoted by brown staining of the nuclei,
(proliferation) or positively stained tumor
cells (caspase-3).
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For Ki-67 and caspase-3, a minimum of 10,000
cells per treatment group was counted.
Immunohistochemically stained sections were
captured using a digital light microscope
(Nikon Coolscope®, Nikon Corporation,
Japan) at a magnification between 40x and
400x. Images were captured for tumors from
each liver sample using a pattern which
ensured unbiased selection and no overlap
between images. Expression was quantified in
a blinded manner using ImagePro-Plus®
(Cyber media, Version 4.5.1, Australia) and
expressed as the number of positively stained
cells per micrometre square area of tumor
tissue over ten high-power fields.
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Statistical analysis

All data is expressed as the mean + standard
error of the mean, (S.E.M) using a Statistical
Package for the Social Sciences (SPSS 11.5%,
Chicago, Illinois, USA). Pair-wise
comparisons were analyzed using parametric
(student T-test) or non-parametric (Mann-
Whitney) tests where appropriate. All tests
were two-sided and P<0.05 was considered
statistically significant. Animal numbers were
based on pilot studies, estimating a minimum
requirement of 8-10 animals per study group
to detect a 20-30 percent increase in tumor
growth, each with a power of at least 0.8.

Results
Liver metastases

The two diet regimes were well tolerated by
mice. Consumption of caloric intake was
monitored by the number of food cubes. It
was observed that mice in the high fat group
did not consume as much quantity as the low
fat group. Infact at the time of assessment,
mice in the HF group weighed less than those
in the LF group (23.5 g % + 4.1 versus 30.0 g %
+ 4.1; p<0.001). The overall percentage liver
metastases were similar in both groups. A HF
diet did not stimulate liver metastases 76.8%
+ 0.61 versus low fat 74.9% + 0.42 (p = 0.83)
(Figure 1a). There was no difference in overall
size of or number of tumors between the two
groups. Extrahepatic metastases were not
observed in either group.

Tumor necrosis

Percentage tumor necrosis was similar in the
LF 49% + 6.4 versus HF 35% = 4.1 (p = 0.076)
(Figure 1b). There was no evidence of hepatic
steatosis in the normal liver and tumor
morphology was not altered between the two
groups.

Tumor cell kinetics
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No effect on tumor cell kinetics was observed
(Figure 2). Ki-67 staining within tumors was
heterogeneous, with features observed
common to both control and high fat groups.
Immunoreactivity within each specimen was
variable with some tumors being highly
proliferative (Figure 3), whist others had
minimal proliferation. Poorly differentiated
tumors demonstrated a higher percentage of
proliferating cells compared to well
differentiate tumors. Proliferation of the
normal liver was unaltered by caloric intake.
Small sized tumors (1-200 pm in diameter)
demonstrated the highest degree of
proliferating cells. The same was observed in
poorly differentiated large tumors (>500 pm
in diameter). There was a trend towards
increased tumor proliferation in the high fat
diet group 0.34 + 0.02 compared to the low fat
0.29 + 0.02 group but this was not statistically
significant, p = 0.061 (Figure 2a).

Both groups demonstrated highly
proliferative tumors with minimal apoptosis
0.03 £ 0.005 versus high fat 0.02 + 0.003 (p =
0.23) (Figure 2b).

Discussion

Obesity has been implicated as an
independent factor associated with the risk of
developing [1,23], risk of recurrence and
mortality  [24] from colorectal cancer
compared to normal weight individuals.
Accumulating  epidemiologic ~ evidence
demonstrates an association between obesity
and multiple other malignancies including
cholangiocarcinoma (in females) [25], breast
cancer (in post-menopausal women) [20,26],
liver [27], colon [3,18], gastric [12] and
pancreatic cancer [1,16]. It is also associated
with increased mortality of oesophageal
cancer [28] and renal cell carcinoma [1]. In a
murine model of pancreatic cancer, Zyromski
and colleagues observed that obese mice
developed larger tumors and more
metastases attributed to increased
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proliferation relative to lean mice [4]. This
study investigated the effect of a high fat diet
on stimulation of colorectal cancer liver
metastases. We found no difference in the
percentage of liver metastases or extra-
hepatic metastases, tumor volume or size of
tumors in mice fed a HF diet (60% saturated
fat) versus a LF diet. This has been observed
in other studies using a HF diet [29,30].

The effect of HF diet has not been previously
investigated in CBA mice for CRC liver
metastasis. We found a HF diet (60%
saturated fat) overall, did not result in weight
gain compared to a LF diet. Previous studies
investigating the effect of high fat diets have
observed similar findings [30-32]. Certain
strains of mice are relatively resistant to the
obesity-promoting effects of a fat-rich diet
[29-35] suggesting that propensity to obesity
may be species specific. Another reason may
be differences in duration of exposure to the
diet. Suwit et al showed in C57BL6/] male
mice fed a 58% fat diet for 8 months [35] were
more obese than the same strain fed for 6
months [36]. The same study observed no
difference in weight with HF diet at 5 months
but a significant difference at 8 months [36].
The HF diet in our study contained 32.84% of
saturated fat. Other studies have
demonstrated obesity with 93% saturated fat
content, but not with a saturated fat content
of 35% [30]. We also observed that overall
consumption in the HF diet group was less
than the LF group. The HF diet contained
4.8% polyunsaturated fat as opposed to 15.9%
used in another study that showed obesity
with HF diet [36]. Several studies have
observed that polyunsaturated fat
particularly linoleic acid may increase satiety
[37,38].

There is also the concept of obesity resistance
where certain cytokines respond to feeding
conditions to regulate energy metabolism
[3940]. In a study conducted on mice
expressing a particular subunit, Cnot3
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(involved in a complex critical to metabolic
regulation) mice were lean with hepatic and
adipose tissues containing reduced levels of
lipids, and showed increased metabolic rates
and enhanced glucose tolerance despite being
on a HF diet [39]. Catabolic factors may also
be increased in the presence of malignancy
[41].

Adiposity has both systemic effects and local
effects resulting in fatty infiltration of visceral
organs [42]. Hepatic steatosis is established in
the development and progression to
hepatocellular carcinoma [43]. Similarly, fat in
the gall bladder can alter function leading to
cholelithiasis, inflammation, fibrosis and
ultimately cancer [25]. DPatel et al,
demonstrated that central obesity is a risk
factor for pancreatic cancer independent of
BMI [2] and this has been observed in breast
[19], colon [3], prostate [44], endometrial [45],
liver [10] and gastrointestinal cancer [12]. On
histologic examination of the normal liver
and tumors we did not observe evidence of
steatosis in the HF specimens. This is in
contrast to other studies demonstrating
increased fatty infiltration in both the tumor
and host tissue [4,27]. The absence of hepatic
steatosis in our study is however, likely due
to the fact animals were not obese. HF diet
did however, tend to increase tumor
proliferation compare to LF diet, but this was
not statistically significant. Some studies have
reported a reduction in apoptosis in the obese
state [46,47]. In our study there was no
difference in apoptotic index and similar
findings have been observed previously
[4,48].

In this study, CBA mice induced with CRC
liver metastases were not susceptible to
obesity when fed a HF diet and consequently
a HF diet did not result in tumor stimulation.
The vast proportion of literature implicates
the metabolic syndrome and systemic and
local organ changes directly associated with
obesity as contributing factors to metastases
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and poor prognosis. A HF diet in itself is
therefore not a risk factor for tumor
stimulation. Further studies could analyze the
effect in CBA mice exposed to a prolonged
HF diet to determine whether this is the case.

Learning Points

¢ A high fat diet associated with obesity has
been connected with carcinogenesis.

e We demonstrate that high fat diet alone,
in a non-obese murine model does not
appear to alter the growth.

¢ A high fat diet does not alter the spread
and tumour kinetics of colorectal cancer
liver metastases.
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