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ABSTRACT: We examined whether serum from obese, compared to non-obese, PCa (prostate cancer) patients creates a growth-enhancing tumor micro-

environment in vitro. Serum from 80 subjects was divided into four groups: normal weight men with and without PCa and overweight/obese men with and

without PCa. Cell proliferation, migration, and invasion were measured in LNCaP, and PC3 cells treated with patient serum were obtained from the above

groups. The results reveal that proliferation of LNCaP cells was significantly (P= 0.05) greater with serum from non-obese (mean = 1.26 + 0.20) compared

to that from obese patients (mean = 1.16 £ 0.19). Serum from obese PCa patients compared to non-obese PCa patients induced significantly greater amounts
of cell migration (P < 0.01) in PC3 cells. Serum from obese patients induced significantly (P < 0.01) lower amounts of cell invasion (mean = 8.2 + 4.5)
compared to non-obese patients (mean = 18.1 £ 5.0) when treated on PC3 cells. Serum TNF-o (tumor necrosis factor alpha) levels correlated with LNCaP

cell proliferation in vitro in non-obese PCa (P < 0.01) and non-obese control groups (P= 0.05). All statistical calculations controlled for age, since the PCa

patient groups were significantly older than the control groups (P < 0.01). In conclusion, serum from obese PCa patients induced greater PCa cell migration

and lower cell proliferation and invasion in vitro.

KEYWORDS: prostate neoplasms, neoplasm invasiveness, cell proliferation, obesity, cytokines

CITATION: Mora et al. The Effects of Serum from Prostate Cancer Patients with Elevated
Body Mass Index on Prostate Cancer Cells In Vitro. Lipid Insights 2015:8 11-19
doi:10.4137/LP1.S23135.

RECEIVED: December 19, 2014. RESUBMITTED: February 15, 2015. ACCEPTED
FOR PUBLICATION: February 17, 2015.

ACADEMIC EDITOR: Tim Levine, Editor in Chief
TYPE: Original Research
FUNDING: Authors disclose no funding sources.

COMPETING INTERESTS: NF reports, outside the work presented here,

grants from Prostate Cancer Canada and the Canadian Cancer Society Research
Institute, consultant honoraria and revenue paid to his institution for clinical trials
from Amgen, Janssen, Ferring and Astellas, and consultant honoraria under

$5000 from Bayer, Sanofi and Abbvie. Other authors disclose no potential conflicts of
interest.

COPYRIGHT: © the authors, publisher and licensee Libertas Academica Limited.
This is an open-access article distributed under the terms of the Creative Commons
CC-BY-NC 3.0 License.

CORRESPONDENCE: vasundara.venkateswaran@sunnybrook.ca

Paper subject to independent expert blind peer review by minimum of two reviewers.
All editorial decisions made by independent academic editor. Upon submission
manuscript was subject to anti-plagiarism scanning. Prior to publication all authors
have given signed confirmation of agreement to article publication and compliance
with all applicable ethical and legal requirements, including the accuracy of author
and contributor information, disclosure of competing interests and funding sources,
compliance with ethical requirements relating to human and animal study participants,
and compliance with any copyright requirements of third parties. This journal is a
member of the Committee on Publication Ethics (COPE).

Published by Libertas Academica. Learn more about this journal.

Introduction

Overweight and obesity have been associated with numerous
comorbidities, including T2D (Type 2 diabetes), CVD (car-
diovascular disease), and various cancers.! A 5 kg/m? increase
in BMI (bodymassindex) hasbeenshown tobe associated with
an increased incidence of esophageal, thyroid, colon, renal,
endometrial, and gallbladder cancer.? The impact of obesity
on the incidence of PCa (prostate cancer) is more complex.
A recent meta-analysis indicates that BMI is inversely asso-
ciated with the risk of localized PCa and directly associated
with the risk of advanced PCa.3 Another meta-analysis indi-
cated that increased BMI was associated with an elevated
risk of PCa-specific mortality and BCR (biochemical recur-
rence) following primary treatment.* Detection biases may
obfuscate the relationship between obesity and PCa. Obese
men have hemodilution-related decreased PSA (prostate-
specific antigen) serum levels.® The predictive value of an
abnormal DRE (digital rectal examination) in PCa detection
appears to be modified by obesity.® Moreover, obesity-driven
prostate enlargement may reduce prostate biopsy efficiency
and the ability to differentiate benign disease from PCa.”
In addition to detection biases, the paradoxical relation-
ship between obesity and PCa may in part be explained by

biological mechanisms. For instance, obese patients have
depressed T (testosterone) levels and upregulation of aro-
matase.® There is also an increased incidence of diabetes in
obese men, and diabetes has been shown to be inversely asso-
ciated with PCa.’

In light of the complicated relationship between obe-
sity and PCa, it is important to examine the direct impact of
obesity on PCa cell biology. The present study utilized serum
from obese and non-obese PCa patients for the treatment of
PCa cell lines in vitro, in an effort to characterize the direct
biological effects of obesity on PCa progression. By studying
the interaction between obesity-related serum-born factors
on PCa cells in vitro, extraneous, detection-bias-related con-
founding factors plaguing clinical studies can be minimized.
We hypothesize that human PCa cells in vitro treated with
serum from obese PCa patients will exhibit elevated levels of
proliferation, migration, and/or invasion in vitro, compared to
non-obese PCa patients.

Materials and Methods

Patient serum samples. A retrospective cohort selected
from patients who consented to participate in the Princess
Margaret Hospital’s Genito-Urinary BioBank between 2008
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and 2012 was the source of the serum samples for this study
(Supplementary Table 1).1° This study received approval by the
University Health Network and Sunnybrook Research Ethics
Board in accordance with the ethical standards of the Dec-
laration of Helsinki. Serum from 80 patients was collected
according to four groups (20 per group): men without PCa
who were of normal weight (=24 BMI; =3 PSA) and obese
(=30 BMI; =3 PSA), and men with PCa who were of nor-
mal weight (=25 BMI; =10 PSA; =6 GS (Gleason score)) and
overweight/obese (=28 BMI; =11 PSA; =6 GS). The patient
cohort was predominantly of European descent (n = 63, 79%),
followed by Asian (n = 4, 5%), African/Caribbean (n = 2, 3%),
and others (7 = 8, 10%). Three patients did not have their eth-
nicity recorded. None of the patients were diabetic or received
hormone therapy, dutasteride and finasteride, or metformin at
the time of blood draw.

Cytokine measurement. The following cytokines were
assayed using Milliplex kits, obtained from Millipore: IL-6
(interleukin-6), TNF-o (tumor necrosis factor alpha), MCP-1
(monocyte chemoattractant protein-1), HGF (hepatocyte
growth factor), NGF (nerve growth factor), and resistin. Cyto-
kine analysis was conducted at the microarray facility at Prin-
cess Margaret Hospital.

Cell culture. Human PCa cell lines LNCaP and PC3
were obtained from the American Type Culture Collection
and cultured at 37°C in a 5% CO, incubator. LNCaP cells
were maintained in RPMI 1640 medium (Invitrogen) supple-
mented with 10% fetal bovine serum (Sigma), 0.3 mg mL™!
L-glutamine, and 100 IU mL™ penicillin and 100 ug mL™
streptomycin (Invitrogen). PC3 cells were maintained in
Dulbecco’s minimal essential medium/F12 (Invitrogen)
with 10% fetal bovine serum, 0.3 mg mL™ L-glutamine, and
100 TU mL! penicillin and 100 pg mL™ streptomycin.

Cell proliferation assay. LNCaP (1 x 10* cells/well) and
PC3 (1 x 10* cells/well) cells were seeded in 96-well plates
and allowed to grow in fetal bovine serum (FBS) (10%) for
48 hours at 37°C prior to patient serum treatment. After the
attachment, cells were incubated with patient serum (10%) for
24 hours at 37°C (at which time the effects on cell proliferation
were most pronounced). After the treatment period, CellTi-
ter96® AQueous Non-Radioactive Cell Proliferation Assay
[3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium] (MTS), obtained from
Promega, was used to determine cell proliferation by adding
20 UL MTS reagent for 2 hours at 37°C. Absorbance at 490 nm
was measured by a plate reader. Patient serum was treated in
triplicate wells, and each experiment was repeated three times.

Matrigel invasion assay. The effect of patient serum
on PC3 cell invasion was determined using 8.0 pm BD Bio-
Coat™ Matrigel™ Invasion Chamber, obtained from BD
Biosciences. PC3 (1 x 10° cells/well) cells were seeded into the
upper chamber/insert, using 12-well plates, and cultured for 24
hours at 37°C. Patient serum (5%) was added into the bottom
wells as a chemoattractant. After 24 hours, the non-migrating

cells were removed from the upper chamber with a cotton
swab. The inserts were fixed with methanol and stained with
0.1% crystal violet solution. The number of migrated cells was
quantified by counting the stained cells (cells per four fields)
with a microscope. Patient serum was treated in duplicate
wells, and each experiment was repeated three times.

Wound-healing (scratch) assay. The effect of serum on
cell migration was assessed in PC3 cells using a wound-healing
assay. PC3 cells were cultured in a 24-well plate for 24 hours at
1.0 x 10° cells/well to reach 100% confluence. A vertical scratch
across the well was made with a 10-pL pipette tip, followed by
two washes with phosphate buffered saline (PBS). PC3 cell
media supplemented with 5% patient serum was then added to
each well for 24 hours. Microscopy images were taken at 0 and
24 hours to visually assess cell migration. Each patient serum
sample was added in duplicate wells, and each experiment was
repeated twice. Owing to a large amount of variation in thick-
ness along the wound border, we devised a general rating scale
in order to grade the microscopy images of cell migration and
arrive at an average score (between 1 and 5 or 0, 25, 50, 75,
or 100% migration) from the duplicates and repeats (Table 1).

Statistics. All analyses were conducted using SPSS version
20. Differences in cytokine levels between groups were analyzed
by one-way analysis of variance, and multiple comparisons were
corrected post hoc with Bonferroni correction. Univariate anal-
ysis of variance was used to analyze differences between groups
in terms of proliferation, migration, and invasion. All statistical
analyses controlled for age differences among the groups. Asso-
ciations were considered significant at P < 0.05.

Results

Description of study participants. Clinicobiologic and
pathological characteristics of the patient cohort are found in
Table 2. The average PSA in control patient groups was 2.00£0.7
and in PCa patient groups was 28.5 £23.6. The average BMI was
21.8£2.0 and 22.3 £ 1.9 (for non-obese control and non-obese
PCa groups, respectively) and 32.0£2.0 and 33.7 £ 7.9 (for obese
control and obese PCa groups, respectively). The PCa patient
groups (non-obese PCa group mean = 64.4 £ 8.8 years; obese
PCa group mean=62.0£ 8.7 years) were significantly older than
the control groups (non-obese control group mean = 55.7 £ 9.1
years; obese control group mean = 54.0 £ 6.0 years). Since age is
an important consideration in the etiology of PCa, all statisti-
cal calculations controlled for age. The average serum levels of
the cytokines MCP-1, resistin, IL-6, TNF-co,, and NGF were
not significantly different between the four groups. The aver-
age serum levels of HGF were significantly higher in the PCa
groups (non-obese PCa group mean = 897.6 + 363.3; obese PCa
group mean = 863.8 + 656.0) compared to the control groups
(non-obese control group mean = 441.7 £ 231.8; obese control
group mean = 519.9 + 328.4).

Effects of patient serum on PCa cell proliferation.
LNCaP cell proliferation was measured in vitro to deter-
mine the effect of patient serum on cell number, division, and
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Table 1. Rating scale for cell migration. Each microscopy image was
assigned a rating of 1-5, and the mean rating between experimental
repeats and among groups was determined to assess differences in
cell migration.

1. No migration; 0%

confluent.

Minimal migra-
tion with few cells
dispersed across
wound; ~25%
confluent.

Cell migration filled
approximately half
of wound; ~50%
confluent.

Wound approxi-
mately ~75% con-
fluent with cells.

Wound 100% con-
fluent with cells.

viability. PCa cells were treated for 24 hours with 10% patient
serum (7 = 80, 20/group).

Proliferation of LNCaP cells in vitro was significantly
(P=0.05) greater in non-obese (mean = 1.26 £ 0.20) vs. obese
patients (mean = 1.16 + 0.19) (Fig. 1). There was no significant

difference between non-PCa (mean = 1.16 + 0.21) and PCa
(mean=1.26£0.19) patients (P=0.10),although themeanvalues
were higher in PCa patients. Similarly, significant differences
were not observed between the four individual groups: non-
obese control (mean = 1.23 £ 0.20), non-obese PCa (mean =
1.28 + 0.20), obese control (mean = 1.10 + 0.19), and obese
PCa (mean = 1.23 + 0.18). The P value for these between-
group differences was 0.08.

There were no significant differences in PC3 cell prolif-
eration between the groups (data not shown).

Effects of patient serum on PC3 cell migration. There
were significant differences among the four groups in mean
migration score (P < 0.01): non-obese control (mean=71£25),
non-obese PCa (mean = 48 + 23), obese control (mean = 63 +
17), and obese PCa (mean = 80 £ 21) patients (» = 80, 20/
group) (Table 3). The greatest difference in PC3 migration
was among the PCa groups, between obese and non-obese
patients, with serum from obese PCa patients inducing sig-
nificantly greater amounts of cell migration (P=0.03) (Fig. 2).

Additionally, serum from non-obese PCa patients induced
significantly less PC3 cell migration compared with serum
from non-obese control patients (P = 0.01).

There were no significant differences observed in PC3 cell
migration between serum from obese vs. non-obese patients
(P=0.08) or PCa vs. control patients (P=0.78) in vitro. Addi-
tionally, there were no significant differences in terms of cell
migration between the groups using LNCaP cells (data not
shown).

The effects of patient serum on PC3 cell invasion. The
invasive properties and metastatic potential of tumor cells
were assessed in vitro using an invasion chamber assay, which
mimics the basement membrane in vivo.

Representative microscopy images of the invaded cells
following a 24-hour treatment period on PC3 cell invasion in
vitro are shown in Table 4. Significant differences were detected
(P < 0.01) in terms of the ability of serum from patients to
induce PC3 cell invasion among the four groups: non-obese
control (mean =17.1+4.2), non-obese PCa (mean=19.1%5.9),
obese control (mean =7.6 £4.7), and obese PCa (mean=8.8 +
4.8) patients (Fig. 3). Serum from obese patients, including
both PCa and non-PCa patients, demonstrated a significantly
(P<0.01)lower capacity for PC3 cellinvasion (mean=8.2£4.5)
compared to that from non-obese patients (mean = 18.1 £
5.0). However, no significant differences (P = 0.58) in inva-
sive capacity were found between serum from PCa patients
(mean = 14.0 + 7.4), including both obese and non-obese,
compared to that from non-PCa patients (mean =12.4 £ 6.5).

The invasion assay protocol was repeated with LNCaP cells
in vitro. However, no definite results were obtained because of
the low migratory capacity of these cells.

Serum cytokine levels. A correlation analysis that cor-
rected for age was performed between the various serum
cytokine levels and the individual patient group LNCaP cell
proliferation levels in vitro. The cytokines MCP-1, resistin,
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Table 2. Clinicobiologic/pathologic characteristics of patient cohort (n = 80). Clinicobiologic characteristics of the four patient groups, along with
serum cytokine levels. Significant differences are noted in the right column.

NON-OBESE CONTROL NON-OBESE PCa OBESE CONTROL OBESE PCa

(n =20) MEAN (SD) (n = 20) MEAN (SD) (n =20) MEAN (SD) (n =20) MEAN (SD)
Age 55.7 (9.1) 64.4 (8.8) 54.0 (6.0) 62.0 (8.7) <0.01
BMI 21.8 (2.0) 22.3(1.9) 32.0 (2.0) 33.7 (7.9)
PSA 2.1(0.7) 24.8 (19.9) 1.9 (0.9) 32.1(26.9)
MCP-1 344.2 (174.3) 320.4 (116.7) 332.2 (141.4) 291.1 (136.6) 0.68
Resistin 12988.5 (5343.5) 11958.0 (4776.3) 12184.9 (3156.0) 15041.7 (6800.1) 0.23
IL-6 5.9 (7.7) 3.7 (2.7) 3.1 (1.5) 2.8 (1.9) 0.11
TNF-a 4.8 (3.2) 5.4 (3.7) 7.2(9.2) 5.2 (2.4) 0.51
HGF 441.7 (231.8) 897.6 (363.3) 519.9 (328.4) 863.8 (656.0) <0.01
NGF 8.9 (17.2) 7.3(7.3) 5.2 (3.3) 4.8 (2.3) 0.51

Notes: One-way ANOVA with post hoc Bonferroni correction was used to calculate differences between groups. Patient serum was obtained from the Princess
Margaret Hospital’'s Genito-Urinary BioBank.
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Figure 1. LNCaP cell proliferation in vitro represented as mean absorbance at 490 nm. Patient serum was used to treat LNCaP cells cultured in vitro for
24 hours. Absorbance at 490 nm served as an index for cell proliferation using MTS assay. (A) Represents in vitro LNCaP cell proliferation with patient
serum-supplemented media according to the four groups indicated. (B) LNCaP cell proliferation in vitro between non-obese and obese patients and

(C) between non-PCa and PCa patients.

Notes: Univariate analysis of variance, corrected for age post hoc, was used to determine differences between groups. Values in bars represent group
mean. *P = 0.05.
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Table 3. Representative images of wound-healing assay. PC3 cells were treated with patient serum (5%) for 24 hours, following microscopy
imaging to visually assess degree of migration. All serum from patients was added to duplicate wells, and all experiments were repeated twice.

Below are representative images across the four groups.

Oh

AVERAGE RATING

Non-obese 3.9
control patient

Non-obese 2.9
PCa patient

Obese control 3.5
patient

Obese PCa 4.2
patient

IL-6, HGF, and NGF failed to show any association with cell
proliferation in vitro. Serum TNF-a levels showed a significant
association with cell proliferation in vitro in non-obese PCa
(P < 0.01) and non-obese control groups (P = 0.05), but not
with obese PCa (P =0.69) and obese control groups (P = 0.41).

A correlation analysis that corrected for age was used to
examine the relationship between serum cytokine levels and
BMI within each of the four patient groups. The cytokines
MCP-1, IL-6, TNF-o, HGF, and NGF failed to show any
association with BMI within the four patient groups. How-
ever, resistin showed a significant association with BMI
within the non-obese PCa group (P = 0.02), but not within
any of the other three groups.

Serum HGF corrected for age was significantly (P=0.01)
higher in obese (mean = 691.9 + 540.8) patients compared

to non-obese patients (669.6 + 379.3) and markedly higher
(P < 0.01) in PCa patients (880.7 £ 523.7) compared to non-
PCa patients (480.8 + 283.3).

Discussion

Obesity has been reported to be associated with more aggres-
sive PCa.!! A number of biological mechanisms have been
proposed to explain this relationship, several of which impli-
cate humoral factors.!? The present study utilized serum from
obese and non-obese PCa patients to treat PCa cells in vitro
and to assess the effects on cell proliferation, migration, and
invasion. Unexpectedly, PCa cells in vitro cultured with media
supplemented with serum from non-obese, compared to obese,
PCa patients exhibited significantly greater amounts of pro-
liferation and invasion. The present data underscore the
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Figure 2. PC3 in vitro cell migration for 24 hours, corrected for age. (A) Represents in vitro PC3 cell migration with patient serum-supplemented media
according to the four groups indicated. (B) PC3 cell migration in vitro between non-obese and obese patients and (C) between non-PCa and PCa

patients.

Notes: Univariate analysis of variance, corrected for age post hoc, was used to determine differences between groups. Values in bars represent group

mean. *P = 0.05, **P = 0.01.

importance of investigating the precise role of obesity-related
cytokines in PCa biology.

There were no significant differences between patient
groups in terms of serum cytokine levels of MCP-1, resistin,
IL-6, TNF-a, and NGF. The patient population in this study
was relatively small (z = 80) and thus may not have had enough
power to detect subtle differences in the level of these cytokines
between healthy and pathological subjects. The serum levels
of HGF were significantly higher in PCa compared to con-
trol patients. Within the PCa groups, HGF was higher in the
non-obese PCa group compared to the obese PCa group. The
results of this study relating to HGF are in accordance with
previous published data. HGF and its receptor Met tyrosine
kinase are overexpressed in PCa cells and increase in expres-
sion throughout the stages of PCa progression.!* Pharmaco-
logical antagonists of the HGF/Met pathway have been shown
to be effective in treating PCa."* HGF may interact with the
alterations in obesity-related prostate volume," explaining
why HGF serum levels were different between PCa obese and

non-obese patients in the present study. Resistin showed an
association with BMI within the non-obese PCa group but not
within any of the other three groups. Serum resistin levels have
previously been reported to correlate with obesity and T2D.1¢
Serum TNF-a levels showed an association with LNCaP cell
proliferation in vitro only in the non-obese PCa and control
groups. A paradoxical role for TNF-o in PCa biology exists,
where TNF-o has been shown to stimulate the development
of CRPC (castrate-resistant PCa) and metastasis on the one
hand and induce apoptosis and antitumor immunity on the
other hand.”” The present study indicates that TNF-a’s effect
on PCa cells is modified by body adiposity.

The fact that non-obese patient serum caused greater
PCa cell proliferation in vitro is an unexpected finding, given
that obesity appears to promote aggressive disease in clinical
studies.> We would expect obese PCa patient serum to induce
greater proliferation in a metastatic cell line in vitro. Several
published animal studies with a similar design found dissimi-
lar results compared to the present study. In one study in 2007,
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Table 4. Representative images of invasion assay with PC3 cells for 24 hours. PC3 cells were treated with patient serum (5%) for 24 hours,
following microscopy imaging to count number of invaded cells. All patient serum was added to duplicate wells, and all experiments were

repeated twice. Below are representative images across the four groups.

24 h AVERAGE NUMBER OF
INVADED CELLS
Non-obese control patient 151
Non-obese PCa patient 22.0
Obese control patient 5.9
Obese PCa patient 9.8

it was shown that obese, compared to lean, Zucker rat serum
added to LNCaP cells in vitro had greater mitogenic and pro-
liferative effects.’® In another study in 2012, it was shown that
serum from C57BL/6 mice with diet-induced obesity, com-
pared to lean serum, added to LNCaP and PacMetUT1 cells
in vitro increased cell proliferation.! The disparity between

the present results and previous data may be explained by
obesity-related hemodilution, minimizing the amount of
cancer-promoting, serum-born factors, lessening proliferative
potential. Increased periprostatic adipose tissue may enhance
PCa progression locally, enhancing metastatic potential via
paracrine as opposed to endocrine signaling.

LIPID INSIGHTS 2015:8 l 17


http://www.la-press.com
http://www.la-press.com/lipid-insights-journal-j109

Mora et al

»

>

25.004 f l

20.00- T
15.00- l

10.00+

N
5.00-

0.00 L

T
Non-obese Non-obese  Obese
control PCa

Error bars: +/-1 SD

Mean number of invaded cells

Obese
control PCa

(@)

25.00

20.00

15.00+

25.00

20.00+ T
15.004 i
*%

10.004

5.00+

Mean number of invaded cells

0.00-+

Obese

T
Non-obese

Error bars: +/-1 SD

10.00+

|
5.00

Mean number of invaded cells

T
Non-PCa

PCa
Error bars: +/-1 SD

Figure 3. PC3 in vitro cell invasion for 24 hours, corrected for age. (A) Represents the average number of invaded PC3 cells in vitro following a 24-hour
period of migration, separated into the four groups indicated. (B) PC3 cell invasion in vitro between non-obese and obese patients and (C) between non-

PCa and PCa patients.

Notes: Univariate analysis of variance, corrected for age post hoc, was used to determine differences between groups. Values in bars represent group

mean. *P = 0.05, **P = 0.01.

In terms of mean PC3 cell migration score, there were
significant differences among the four groups (P < 0.01),
with the highest to lowest scores in the following order:
obese PCa, non-obese control, obese control, and non-obese
PCa patients. As would be expected, obese PCa patient
serum induced the greatest amount of cell migration in vitro,
indicating that obesity may promote metastatic disease. In a
previous study, cited above, it was found that LNCaP cells
exposed to obese C57BL/6 mouse serum had increased
migration, invasion, and MMP-9 (matrix metalloprotein-
ase-9) activity.!

There was an unexpected effect using serum from obese
patients inducing significantly lower PCa cell invasion in
vitro compared to that from non-obese patients (P < 0.01).
'The disparity between the migration and invasion results in
the present study may be attributed to the fact that only a
small subset of the patient cohort was used for the invasion
experiments.

Significant differences between the treatment groups
were only observed for the proliferation of LNCaP cells and
not for PC3 cells. Without further analysis, it is impossible
to determine the specific reason for the disparity in the find-
ings between the cell lines. However, it should be noted that
LNCaP cells difter from PC3 cells in that they express PSA,
WT TP53, and androgen and estrogen receptors.?’

'This study is the first of its kind where human serum from
obese and non-obese patients was used to treat PCa cells in
vitro. The strength of this study is that in vitro experimenta-
tion allowed for an analysis strictly of the biological mecha-
nisms, without any confounding factors. By treating PCa cells
in vitro with human serum, we were able to directly assess the
effect of humoral obesity-related factors on PCa progression
and promotion. There were several limitations. The study pop-
ulation was imbalanced with respect to age. The PCa patients
were older than the control patients, meaning that any effects
seen in the PCa groups could have been exaggerated because
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of age-related biological effects rather than cancer or obesity-
related effects. However, in a report that demonstrated that
BMI was predictive of high-grade PCa among 3258 partici-
pants, risk factors, including age, were controlled for.?! Thus,
in the present study, univariate analysis was used to control
for age, a potential covariate. Nevertheless, such statisti-
cal corrections may not compensate for the effects of age on
pathophysiology.?? Furthermore, BMI is a crude measure of
body adiposity, and does not differentiate between subcutane-
ous and visceral depots. Disease complications appear to be
associated specifically with increased visceral adiposity, more
accurately assessed by WHR (waist-to-hip ratio), waist cir-
cumference, or periprostatic fat thickness (via MRI imaging).?
Conclusion

Serum from obese PCa patients induced greater amounts of
cell migration in vitro. Unexpectedly, serum from obese PCa
patients was associated with lower levels of cell proliferation
and invasion. Future investigations should explore the impact
of obese serum on PCa cell characteristics in different cell lines,
using larger patient populations and utilizing genetic analyses.

Acknowledgments
The authors thank Princess Margaret Hospital’s Genito-
Urinary BioBank and Karen Chadwick, GU BioBank manager.

Author Contributions

Conceived and designed the experiments: BCM, NEF, LK,
and VV. Analyzed the data: BCM, LK, and VV. Wrote the
first draft of the manuscript: BCM. Contributed to the writing
of the manuscript: BCM. Agreed with manuscript results and
conclusions: BCM, NEF, LK, and VV. Jointly developed the
structure and arguments for the paper: BCM, LK, and VV.
Made critical revisions and approved the final version: BCM,
NEF, LK, and VV. All authors reviewed and approved the
final manuscript.

Supplementary Data

Supplementary table 1. Clinicobiologic/pathologic char-
acteristics of patient cohort. Clinicobiologic characteristics of
the four patients groups, along with serum cytokine levels.

REFERENCES

1. Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The
incidence of co-morbidities related to obesity and overweight: a systematic
review and meta-analysis. BMC Public Health. 2009;9(88):1-20.

2. 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.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Discacciati A, Orsini N, Wolk A. Body mass index and incidence of localized

and advanced prostate cancer—a dose-response meta-analysis of prospective
studies. Ann Oncol. 2012;23(7):1665-1671.

. CaoY, Ma]. Body mass index, prostate cancer-specific mortality, and biochemi-

cal recurrence: a systematic review and meta-analysis. Cancer Prev Res. 2011;4(4):
486-501.

. OhJ]J, Jeong SJ, Lee BK, et al. Does obesity affect the accuracy of prostate-

specific antigen (PSA) for predicting prostate cancer among men undergoing
prostate biopsy. B/U Int. 2013;112(4):E265-E271.

. Chu DI, De Nunzio C, Gerber L, et al. Predictive value of digital rectal exami-

nation for prostate cancer detection is modified by obesity. Prostate Cancer Pros-
tatic Dis. 2011;14(4):346-353.

. Fowke JH, Motley S, Dai Q, Concepcion R, Barocas DA. Association between

biomarkers of obesity and risk of high-grade prostatic intraepithelial neoplasia
and prostate cancer—evidence of effect modification by prostate size. Cancer
Lett. 2013;328(2):345-352.

. Williams G. Aromatase up-regulation, insulin and raised intracellular oestro-

gens in men, induce adiposity, metabolic syndrome and prostate disease, via
aberrant ER-ot and GPER signalling. Mo/ Cell Endocrinol. 2012;351(2):269-278.

. Pierce BL. Why are diabetics at reduced risk for prostate cancer? A review of the

epidemiologic evidence. Uro/ Oncol. 2012;30(5):735-743.

Bhindi B, Kulkarni G, Margel D, et al. Validation of serum adipokines for
prediction of prostate cancer in a prospective cohort study. J Urol. 2013;189(4):
€918-¢919.

Vidal AC, Howard LE, Moreira DM, Castro-Santamaria R, Andriole GL Jr,
Freedland SJ. Obesity increases the risk of high-grade prostate cancer: results from
the REDUCE study. Cancer Epidemiol Biomarkers Prev. 2014;23(12):2936-2942.
Paz-Filho G, Lim EL, Wong ML, Licinio J. Associations between adipokines
and obesity-related cancer. Front Biosci (Landmark Ed). 2011;16:1634-1650.
Varkaris A, Corn PG, Gaur S, Dayyani F, Logothetis CJ, Gallick GE. The role
of HGF/c-Met signaling in prostate cancer progression and c-Met inhibitors in
clinical trials. Expert Opin Investig Drugs. 2011;20(12):1677-1684.

Cecchi F, Rabe DC, Bottaro DP. Targeting the HGF/Met signaling pathway in
cancer therapy. Expert Opin Ther Targets. 2012;16(6):553-572.

Nishimura K, Arichi N, Tokugawa S, et al. Hepatocyte growth factor and
interleukin-6 in combination with prostate volume are possible prostate cancer
tumor markers in patients with gray-zone PSA levels. Prostate Cancer Prostatic Dis.
2008;11(3):258-263.

Gharibeh MY, Tawallbeh GM, Abboud MM, Radaideh A, Alhader AA,
Khabour OF. Correlation of plasma resistin with obesity and insulin resistance
in type 2 diabetic patients. Diabetes Metab. 2010;36(6 pt 1):443-449.

Tse BW, Scott KF, Russell PJ. Paradoxical roles of tumour necrosis factor-alpha
in prostate cancer biology. Prostate Cancer. 2012;2012:128965.

Lamarre NS, Ruggieri MR, Braverman AS, Gerstein MI, Mydlo JH. Effect of
obese and lean Zucker rat sera on human and rat prostate cancer cells: implica-
tions in obesity-related prostate tumor biology. Urology. 2007;69(1):191-195.
Price RS, Cavazos DA, De Angel RE, Hursting SD, deGraffenried LA.
Obesity-related systemic factors promote an invasive phenotype in prostate can-
cer cells. Prostate Cancer Prostatic Dis. 2012;15(2):135-143.

Sobel RE, Sadar MD. Cell lines used in prostate cancer research: a compendium
of old and new lines—part 1. J Urol. 2005;173(2):342-359.

Liang Y, Ketchum NS, Goodman PJ, Klein EA, Thompson IM Jr. Is there a role
for body mass index in the assessment of prostate cancer risk in biopsy? J Urol.
2014;192(4):1094-1099.

Gandaglia G, Karakiewicz PI, Abdollah F, et al. The effect of age at diagnosis on
prostate cancer mortality: a grade-for-grade and stage-for-stage analysis. Eur J
Surg Oncol. 2014;40(12):1706-1715.

Allot EH, Masko EM, Freedland SJ. Obesity and prostate cancer: weighing the
evidence. Eur Urol. 2013;65(5):800-809.

LIPID INSIGHTS 2015:8 l 19


http://www.la-press.com
http://www.la-press.com/lipid-insights-journal-j109

