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Abstract
Our previous studies indicated that decreasing visceral adipose tissue by surgical removal of the parametrial 

fat pads inhibited UVB-induced carcinogenesis in SKH-1 mice fed a high fat diet (HFD), but not a low fat diet (LFD) 
indicating that the parametrial fat tissue from mice fed a HFD played a role in skin carcinogenesis. 

Objective: In the present study, we sought to investigate how a HFD may influence the intrinsic properties of the 
parametrial fat tissue to influence UVB-induced skin tumor formation. 

Methods and Results: Immunohistochemical staining, adipokine array, and flow cytometry showed that 
parametrial fat tissue from mice fed a HFD had a higher density of macrophage-fused dead adipocytes (crown-
like structures), more adipokines, and stimulated the production of more reactive oxygen species compared with 
parametrial fat tissue from mice fed a LFD. These differences between parametrial fat tissue from mice fed a HFD 
and LFD were associated with their effect on the in vitro transformation of mouse epidermal JB6 cells. Our results 
indicated that fat tissue filtrate (an aqueous filtrate made from the parametrial fat pad) from mice fed a HFD enhanced 
the conversion of JB6 cells from an epithelial-like morphology to cells with a fibroblast-like morphology to a greater 
extent than fat tissue filtrate from mice fed a LFD. Studies indicated that the fibroblast-like cells had decreased levels 
of E-cadherin, increased levels of Twist as assayed by western blot. Fat tissue filtrate made from the parametrial fat 
tissue of mice fed a HFD had 160% more transforming activity than that from mice fed a LFD and formed malignant 
mesenchymal tumors in vivo.

 Conclusion: These studies provide the first in vitro demonstration of a parametrial fat tissue-induced 
transformation of an epidermal cell.

Keywords: High fat diet; Parametrial fat tissue; JB6 cell transformation

Abbreviations: LFD: Low Fat Diet; HFD: High Fat Diet; MEM:
Minimum Essential Medium; FBS: Fetal Bovine Serum

Introduction
Non-melanoma skin cancer is the most common neoplasm in 

the United States with over 2 million new cases diagnosed per year 
caused predominantly by exposure to UVA and UVB in sunlight, 
the most prevalent environmental carcinogen [1]. Epidemiological 
studies indicate that high fat diets are associated with an increased 
risk of non-melanoma skin cancer, and patients who reduce their 
intake of calories from fat have a reduced reoccurrence of prior actinic 
keratosis and non-melanoma skin cancers [2,3]. Our previous research 
demonstrated that feeding a high fat diet to SKH-1 mice enhanced 
UVB-induced skin cancer [4,5] and that reducing parametrial fat 
tissue (visceral fat around the uterus) by caffeine administration, 
voluntary exercise or directly removal of the parametrial fat pad by 
surgical procedure inhibited UVB-induced skin tumor formation [6-
9]. Interestingly, decreasing visceral adipose tissue by surgical removal 
of the parametrial fat pads inhibited UVB-induced carcinogenesis in 
SKH-1 mice fed a high fat diet (HFD), but not a low fat diet (LFD) 
indicating that the parametrial fat tissue from mice fed a HFD played 
a role in skin carcinogenesis. These data suggested that the parametrial 
fat tissue from mice fed a HFD secretes tumorigenic substances that 
promote skin tumor formation. Next, we sought to investigate how a 
HFD may influence the intrinsic properties of the parametrial fat tissue 
to influence UVB-induced skin tumor formation. As the mouse Balb/C 

epidermal JB6 P+ cell line has been utilized as a well-characterized in 
vitro model for neoplastic transformation by tumor promoters such 
as 12-O-tetradecanoylphorbol-13-acetate (TPA) [10], to determine 
the differences between visceral fat tissue from mice fed either a HFD 
or LFD in carcinogenesis, we tested the effect of an aqueous filtrate 
made from parametrial fat tissue on the in vitro transformation of JB6 
epidermal cells.

Methodology
Animals, parametrial fat pad isolation and diet

Female SKH-1 hairless mice (6-7 weeks old) were purchased from 
Charles River Breeding Laboratories. Mice (six per group) were fed 
the low fat chow or high fat diets for 4 months prior to performing 
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parametrial fat pad isolation by sterile technique as described previously 
[7]. Isolated parametrial fat pads were weighed and placed in a sterilized 
tube for future use. The 13.5% kcal Purina laboratory chow 5001 chow 
diet was purchased from the Ralston Purina Co. (St. Louis, MO). The 
60% kcal high fat diet is AIN 76A modified Rodent OpenSource Diet 
and purchased from Research Diets, Inc. (New Brunswick, NJ). This 
diet contains 34.9% fat by weight, and 54.4% of the total calories come 
from lard as described in [11]. 

Measurement of crown-like structures (CLS) by 
immunohistochemistry

Parametrial fat tissue was dissected and fixed in 10% buffer-formalin 
overnight at room temperature and embedded in paraffin. Four 
micron-thick sections were cut, deparaffinized in xylene, rehydrated in 
a graded ethanol series, and used for staining. Immunohistochemical 
staining was performed using a standard protocol. Serial sections 
were microwave-treated in 10 mmol/l citrate buffer (pH 6.0) and then 
incubated for 1 h at room temperature with primary antibodies, mouse 
monoclonal F4/80 (Abcam, Cambridge, MA). After rinsing in PBS 
buffer containing 0.25% Triton X-100 (pH 7.2), sections were incubated 
with secondary biotinylated goat anti-mouse (Abcam) antibodies. 
Avidin-biotin peroxidase complexes (Vector Laboratories, Burlingame, 
CA) were added followed by visualization with 3.3′-diaminobenzidine 
tetrachloride (Vector). All sections were counterstained with Harris 
hematoxylin. For each sample, the numbers of crown-like structures 
within the entire section were counted by two independent observers 
using a light microscope and normalized for the total section area as 
expressed as CLS per mm2 of tissue section. 

Preparation of fortified minimum essential medium and 
protein measurements

A homogenate of the parametrial fat tissue was placed in a Millicell 
hanging polyethylene terephthalate insert (a 15-mm wide insert that 
has 0.4 µm pores which permitted the diffusion of small molecules pass 
through into the medium) and placed in 1 mL of minimal essential 
medium (MEM) (phenol-red free) to make MEM fortified with an 
aqueous filtrate of the parametrial fat pads. This method allowed 
the minimization of lipid diffusion and the enrichment of protein. 
Homogenized fat tissue was made using the Qiagen TissueRuptor on 
medium speed at 10 sec per 100 mg fat tissue. Substances as well as other 
fat tissue constituents passed through the 0.4 μm pores membrane of 
the insert into the medium were collected. Protein concentration in 
fortified medium was quantified using the Thermo Scientific™ Pierce™ 
BCA Protein Assay kit.

Adipokine array

Measurement of mouse adipokines (detection of 38 adipokines) 
from fat tissue filtrates was performed using the Mouse Adipopkine 
Antibody Array kit (purchased from R&D Systems) as previously 
described [7]. Briefly, membranes were treated with 2 mL of blocking 
buffer and then incubated overnight with 1 mL of fat tissue filtrates 
containing 150 μg protein at 4°C. After washing, 1 mL of a mixture of 
biotinconjugated antibodies that are specific to the different targets on 
the array were added for 1 h and then incubated with 2 mL of HRP-
conjugated streptavidin at room temperature for 2 h. The membranes 
were then treated with 500 μL of detection buffer for 2 min and, finally, 
exposed to X-ray film using film developer. By comparing the signal 
intensities, relative expression levels of cytokines were determined and 
quantified by densitometry using Image J software. Positive controls 
were used to normalize the results. Adipokine array was performed at 
least 3 times for each treatment group.

Cell culture and reagents

JB6 P+ cells (Cl 41-5a; JB6 cells) were obtained from the American 
Type Culture Collection (Manassas, VA). The JB6 cells were cultured 
in monolayers at 37°C, 5% CO2 with Eagle’s minimal essential medium 
(MEM) (Sigma) containing 5% fetal bovine serum (FBS) (Sigma), 2 
mM L-glutamine, penicillin 100 (units/mL) and streptomycin (100 µg/
mL). Difco Agar was purchased from Becton Dickson and Company 
(Franklin Lakes, NJ).

Measurement of reactive oxygen species by flow cytometry

JB6 cells (70% confluent) were treated with fat tissue filtrate (50 
μg protein/mL), 5% FBS, or TPA (10 ng/mL) with 5% FBS for 1, 4, 8, 
24 and 48 hours, respectively. During the last 30 minutes of culture, 
cells were incubated with 10 µM 2’,7’-dichlorodihydrofluorescein 
diacetate (H2DCF-DA) at 37°C. Cells were then washed with PBS, 
trypsinized and resuspended in PBS for measurement of fluorescence 
on a Beckman Coulter FC500 flow cytometer. The conversion of 
dichlorodihydrofluorescein (H2DCF-DA; non-fluorescent) to 
2′,7′-dichlorofluorescein (DCF; fluorescent) detects a broad range of 
oxidants, including superoxide, peroxynitrate, hydrogen peroxide, 
and nitric oxide (NO). Mean fluorescence intensity of the 2’, 
7’-dichlorofluorescein (DCF) of 5,000 events was calculated. 

JB6 cell proliferation and transformation

JB6 cells were seeded at 100 cells per well of a 6-well plate in 1 ml of 
MEM containing 5% FBS. 24 hours later, the medium was removed and 
fresh MEM containing fat tissue filtrate only (without FBS) was added. 
JB6 cells were cultured for 7 days, washed with 5% PBS and fixed in 
90% ice cold ethanol for 10 minutes. Clones were stained with Giemsa 
solution for 10 minutes, air-dried and counted. Clone morphology was 
analyzed by light microscopy. 

Following a 7 day culture of JB6 cells treated with fat tissue filtrate 
(50 μg protein/mL) alone or with 5% FBS as a control, 104 cells in 1.5 
mL of 0.33% Difco Agar in MEM containing 5% FBS were plated over 7 
mL of 0.5% Difco Agar in MEM containing 10% FBS in 60 mm dishes. 
The cultures were maintained at 37°C in a 5% CO2 incubator for 14 
days. Cell colonies that grew on soft agar were scored by counting the 
number of colonies with 8 or more cells in a 40-fold light microscopic 
magnification. 

Western blotting analysis

Cells (105) were incubated with 50 µL lysis buffer supplemented 
with phenylmethanesulfonylfluoride on ice. Samples were clarified 
by centrifugation at 22,000 × g for 5 min at 4°C. Lysates containing 
equal amounts of total protein (20 μg) were separated in Bio-Rad 
mini Protean gels (Hercules, CA). Gels were run and transferred onto 
polyvinylidene difluoride transfer membranes (Millipore, Bedford, 
MA). Membranes were blocked with the Odyssey infrared imaging 
system blocking buffer (LI-COR, Lincoln, NE) probed with primary 
antibodies to E-cadherin (ab53033; 1:500) or Twist (ab50887; 1:50), 
purchased from Abcam, Cambridge, MA, overnight at 4°C. Membranes 
were washed and incubated with goat anti-rabbit IRDye 800 (Rockland 
Immunochemicals, Gilbertsville, PA) or goat anti-mouse IRDye 680 
Infrared (Li-COR) for 30 min at room temperature. Membranes were 
washed and fluorescence was detected using the Odyssey infrared 
imaging system (LI-COR).

Statistical analysis: Student’s t tests (unpaired, two-tailed) were 
used to determine differences between treatments using Microsoft 
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Excel. The data were expressed as the mean ± SEM. Differences were 
considered significant at P<0.05.

Results
Cellular and molecular differences between HFD and LFD fat tissue. 

Our previous studies indicated that decreasing visceral adipose tissue 
by surgical removal of the parametrial fat pads inhibited UVB-induced 
carcinogenesis in SKH-1 mice fed a HFD, but not a LFD indicating that 
the parametrial fat tissue from mice fed a HFD played a role in skin 
carcinogenesis. To understand how a HFD may influence the intrinsic 
properties of the parametrial fat tissue to influence UVB-induced skin 
tumor formation we investigated differences between HFD and LFD fat 
tissue in the expression of crown-like structures (CLS), the surrogate 
marker for dead adipocytes. CLS are indicated by an F4/80 macrophage 
stain to show resident macrophages that infiltrated to engulf necrotic 
adipose tissue. Mice fed a HFD for 4 months had more parametrial fat 
tissue (Figure 1A) that was characterized larger adipocytes and a higher 
density of CLS (88.8 ± 8.0 mm2; dark brown stain) compared with mice 
fed a LFD (0.9 ± 0.2 mm2; Figure 1B). 

To determine if the presence of CLS was associated with 
adipokine expression, parametrial fat pads were isolated under sterile 
conditions from mice fed a HFD or LFD. The parametrial fat tissue 
was homogenized, and 500 µL (approximately 0.5 g) was placed in a 
15-mm wide insert with 0.4 µm pores which permitted the diffusion 
of small molecules released from the fat tissue to pass through into 
the minimal essential medium (MEM; Figure 2A). The fat tissue 

homogenate in the insert was incubated at 37°C and the medium was 
collected hourly (0-8 h) for protein quantitation (Figure 2B). Protein 
levels increased over time and plateaued at 4 h (Figure 2B). Therefore, 
we collected the fortified medium of fat tissue filtrate at 4 h for 
experimental treatments. In addition, we found that more protein was 
filtrated into MEM from the fat tissue filtrate of mice fed a LFD than 
from mice fed a HFD (Figure 2B). Similar results were observed for 
non-homogenized fat tissue. Fat tissue filtrates from mice fed a HFD 
for 3-6 months demonstrated higher levels of adipokines compared 
with that from mice fed a LFD. Elevated amounts of monocyte chemo 
attractant protein-1 (MCP-1), interleukin-6 (IL-6), leptin, Serpin E1/
plasminogen activator inhibitor-1 (PAI-1) and intracellular adhesion 
molecule-1 (ICAM-1) were released from the parametrial fat tissue of 
mice fed a HFD compared with a LFD (Figure 2C). Of these elevated 
adipokines, only ICAM-1 was present in fat tissue filtrate of mice fed a 
LFD (Figure 2C).

Both macrophages and adipokines have been shown to cause the 
release of and stimulate the production of reactive oxygen species 
(ROS) from tissue, so we next looked at the effect of the fat tissue filtrate 
on the induction of ROS in JB6 cells. Cells were treated with TPA as a 
control because JB6 cell transformation by TPA is dependent on the 
generation of ROS [12]. Treatment of JB6 cells with fat tissue filtrate 
(50 μg protein/mL) from mice fed a LFD or HFD for 4 months resulted 
in a rapid increase in ROS as measured by DCF fluorescence starting as 
early as 1 h post-fat tissue filtrate treatment (Figure 2D). There was an 
approximate 50- and 80-fold increase, respectively, in the level of ROS 
in JB6 cells treated with fat pad filtrate from mice fed a LFD or HFD 
compared with cells treated with 5% FBS at 8 h after treatment (time 
of peak response) (Figure 2D). ROS levels were 48% higher (**P<0.01) 
at 8 h in JB6 cells treated with fat tissue filtrate from mice fed a LFD 
compared with a HFD (Figure 2D). ROS was still 10-fold higher in JB6 
cells treated with fat tissue filtrate from mice fed a LFD or HFD compared 
with cells treated with 5% FBS at 24-48 h (Figure 2D). Treatment of 
JB6 cells with TPA (10 ng/mL) as a control resulted in a 25- to 30-fold 
increase in ROS at 4 h post-treatment (time of peak response), and ROS 
returned to control levels by 24-48 h post-treatment. TPA treatment in 
the absence of FBS stimulated ROS formation to a higher extent than 
the other treatments; however, this caused cell death (data not shown). 
In summary, the fat tissue filtrate from mice fed HFD was more active 
than fat tissue filtrate from mice fed the LFD, and TPA had the least 
activity for stimulating the formation of ROS.

Fat tissue filtrate from mice fed a high fat diet stimulates the 
proliferation of JB6 cells growing in liquid medium. JB6 cells were 
treated with fat tissue filtrate (50 μg protein/mL) in the absence of FBS 
or with 1 or 5% FBS as controls. Cell number was counted at 1, 3, 5, and 
7 days of incubation. Fat tissue filtrate (50 μg protein/mL) from mice 
fed a HFD stimulated JB6 cell proliferation in the absence of serum to 
about the same extent as was observed for cells cultured with 5% FBS 
(Figure 3A). To determine the dose response of the fat tissue filtrate, 
cells were treated with 25, 50 and 100 μg protein/mL of the fat tissue 
filtrate or with 5% FBS as a control. After 7 days of treatment, cloning 
efficiency was measured by the number of well-separated Giemsa 
stained clones. Fat tissue filtrate from mice fed a LFD or HFD for 4 
months dose-dependently increased the number of JB6 clones (Figure 
3B). Cloning efficiency was increased by 166% with 25 μg protein/mL, 
by 50% with 50 μg protein/mL, and by 29% with 100 μg protein/mL of 
fat pad filtrate from mice fed a HFD compared with fat pad filtrate from 
mice fed a LFD (*P<0.05, Figure 3B). 

Fat tissue filtrate from mice fed a high fat diet stimulates the 

Figure 1: Effect of high fat diet feeding on parametrial fat pad size and crown-
like structure density. A. Picture demonstrating parametrial fat pad (fat tissue) 
size after 4 months of LFD or HFD feeding. B. Parametrial fat was fixed in 
formalin and immunohistochemically stained with F4/80 for CLS. Pictures 
were taken under 100X microscopic magnification with a light microscope and 
are representative of data obtained from more than three mice. Parametrial 
fat from mice fed a HFD demonstrated larger adipocytes and a higher density 
of CLS (88.8 ± 8.0 mm2; dark brown stain) compared with mice fed a LFD 
(0.9 ± 0.2 mm2).
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formation of a fibroblast-like morphology of JB6 cells growing in liquid 
medium. JB6 cells were plated at 100 cells per well in a 6-well plate and 
treated with fat tissue filtrate (25-100 µg protein/mL) from mice fed 
a HFD. Giemsa staining of JB6 cells after growing in liquid medium 

for 7 days showed clones that were characterized as either having an 
epithelial-like or a fibroblast-like morphology (Figure 4A and 4B). 
Exposure of JB6 cells to fat tissue filtrate from mice fed a HFD for 7 
days increased the number of clones with a fibroblast-like morphology 

Figure 2: Effect of high fat diet feeding on adipokine production and reactive oxygen species stimulation. A. Parametrial fat pad homogenate (0.5 g fat) from female 
SKH-1 mice that had been fed a 60% kcal high fat diet (HFD) or low fat chow diet (LFD) for 4 months was placed in 1.0 mL of MEM on a hanging well insert. Cytokines 
and other fat constituents passed through a polyethylene terephthalate membrane with 0.4 µm pores in the insert for 4 hours to provide fat tissue filtrate in MEM. B. 
Fat was isolated and fat tissue filtrate was made as described in (A). Graph demonstrates the amount of protein in MEM following culture with parametrial fat tissue 
homogenate or parametrial fat pad secretions from an intact piece of fat. C. Elevated amounts of monocyte chemoattractant protein-1 (MCP-1), interleukin-6 (IL-6), 
leptin, Serpin E1/plasminogen activator inhibitor-1 (PAI-1) and intracellular adhesion molecule-1 (ICAM-1) were released from the parametrial fat of mice fed a HFD 
compared with a LFD. D. Mean fluorescence intensity of the 2’, 7’-dichlorofluorescein (DCF) (excitation 488 nm; fluorescence 530 nm) +/- 15 of 5,000 events was 
measured. Fat tissue filtrate (50µg protein/mL), or TPA (10 ng/mL) induced ROS in JB6 cells. HFD fat tissue filtrate treatment stimulated the formation of ROS 48% 
more than LFD fat tissue filtrate as measured by DCF fluorescence at 8 hours **P<0.01. All data are mean ± SEM, Student t test (unpaired, two-tailed).
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Figure 3: Fat tissue filtrate from mice fed a high fat diet stimulates the proliferation of JB6 cells growing in liquid medium. A. JB6 cells were treated with 1% FBS, 5% 
FBS or fat tissue filtrate (50 µg protein/mL) from mice fed a HFD for 4 months and were counted at 1, 3, 5, and 7 days. The fat tissue filtrate from mice fed a HFD 
stimulated JB6 cell proliferation to about the same extent as 5% FBS. One well = 9.6 cm2. B. JB6 cells were seeded at 100 cells per well in a 6-well plate. Cells were 
treated with 5% FBS or fat tissue filtrate from mice fed a HFD for 7 days and stained with Giemsa. Cloning efficiency, as measured by the number of Giemsa-stained 
clones, was significantly increased to a greater extent in JB6 cells cultured with fat tissue filtrate from mice fed a HFD for 4 months compared with cells cultured with 
fat tissue filtrate from mice fed a LFD for 4 months (*P<0.05). Arrows indicate % increase in cloning efficiency at the different doses. One well = 9.6 cm2. Data are 
mean ± SEM, Student t test (unpaired, two-tailed).

Figure 4: Fat tissue filtrate from mice fed a high fat diet stimulates the formation of a fibroblast-like morphology of JB6 cells growing in liquid medium. A. JB6 cells 
were seeded at 100 cells per well in a 6-well plate. Cells were treated with 5% FBS or fat tissue filtrate from mice fed a HFD for 7 days and stained with Giemsa. The 
picture shows a comparison of epithelial-like morphology and fibroblast-like morphology of JB6 cells (magnification = 400x). The fibroblast-like clones pictured were 
characterized as being either early- (A2), middle- (A3), or late-stage (A3) depending upon the size of the foci formed. B. JB6 cells were treated for 7 days with 5% FBS 
or fat tissue filtrate (50 μg protein/mL) from mice fed a HFD. E-cadherin, Twist and β-Actin levels were determined in the epithelial-like and fibroblast-like clones by 
western blotting. C. JB6 cells were seeded and treated as described in (A). JB6 cells treated with fat tissue filtrate (50 or 100 µg protein/mL) from mice fed a HFD had a 
greater ratio of clones with fibroblast-like to epithelial-like cells when compared with cells cultured with fat tissue filtrate from mice fed a LFD (*P<0.05). Arrows indicate 
% increase in the ratio of fibroblast-like to epithelial-like clones at the different doses. One well = 9.6 cm2. All data are mean ± SEM, Student t test (unpaired, two-tailed).
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(Figure 4A). Many of the fibroblast-like clones showed the piling up 
of cells suggestive of foci formation and the loss of contact dependent 
growth inhibition (Figure 4A), key features of transformed cells. The 
fibroblast-like clones pictured were characterized as being either early- 
(A2), middle-(A3), or late-stage (A3) depending upon the size of the 
foci formed (Figure 4A). Morphological changes present in JB6 cells 
following exposure of the cells to fat tissue filtrate from mice fed a HFD 
were consistent with those associated with an epithelial-mesenchymal 
transition. Therefore we examined hallmark characteristics of this 
process and found that treatment of JB6 cells with fat tissue filtrate from 
mice fed a HFD resulted in the loss of E-cadherin and the induction 
of Twist, a transcriptional repressor of E-cadherin (Figure 4B). Our 
results suggest that treatment of JB6 cells with fat tissue filtrate from 
mice fed a HFD enhanced epithelial-mesenchymal transition.

The ratio of clones with fibroblast-like cells to clones with epithelial-
like cells was increased in JB6 cells cultured with fat tissue filtrate from 
mice fed HFD or LFD when compared with JB6 cells cultured with 5% 
FBS (Figure 4C). In addition, JB6 cells treated with fat tissue filtrate 
from mice fed the HFD had a greater ratio of clones with fibroblast-like 
morphology to epithelial-like morphology when compared with cells 
cultured with fat tissue filtrate from mice fed the LFD at 50 and 100 μg 
protein/mL by 66% and 152% (*P<0.05, Figure 4C). Although a similar 
difference was observed between the two groups when JB6 cells were 
treated with a lower concentration of fat tissue filtrate (25 µg protein/
mL), the results were not statistically significant, which may be due to 

the low number of clones (Figure 4C). Overall, these data suggest that 
fat tissue filtrate from mice fed a HFD will stimulate the conversion 
from an epithelial to a mesenchymal phenotype to a greater extent than 
that from mice fed a LFD.

Fat tissue filtrate from mice fed a high fat diet stimulates the 
transformation of JB6 cells more than fat tissue filtrate from mice fed 
a low fat diet as measured by growth in soft agar. Following 7 days of 
treatment with fat tissue filtrate, JB6 cells were plated directly in soft 
agar for an anchorage independent colony formation assay. JB6 cells 
cultured with fat tissue filtrate formed more colonies in soft agar than 
cells cultured with 5% FBS, and JB6 cells treated with fat tissue filtrate 
of mice fed HFD demonstrated the highest capacity to form colonies in 
soft agar (Figure 5A and 5B). Overall, fat tissue filtrate from mice fed 
the HFD stimulated colony formation in soft agar 160% more than fat 
pad filtrate from mice fed the LFD, and the colonies formed were larger 
(mostly greater than 32 cells; *P<0.05, Figure 5A and 5B). To determine 
if transformation of JB6 cells by fat pad filtrate was a reversible or 
irreversible process, transformed cells (colonies growing in soft agar) 
that were previously treated with a fat tissue filtrate in liquid medium 
were isolated from soft agar and grown for 16 passages (approximately 
8 weeks) in 5% FBS. After 16 passages in liquid medium, confluent cells 
were placed in soft agar for 14 days to determine colony formation and 
reversibility of the transformation. Stable transformation was observed 
since cells that grew in soft agar retained their ability to grow in soft 
agar after 16 passages with a similar cloning efficiency.

Figure 5: Fat tissue filtrate stimulates the transformation of JB6 cells. A. JB6 cells were treated with 5% FBS or fat tissue filtrate (50 µg protein/mL) for 7 days, and then 
104 cells were placed in soft agar for 14 days. The picture shows JB6 cells growing in soft agar that were cultured with fat tissue filtrate from mice fed either LFD or 
HFD (magnification = 400x). B. Cells were treated as described in (A). Fat tissue filtrate from mice fed a HFD stimulated colony formation in soft agar 160% more than 
fat pad filtrate from mice fed a LFD (*P<0.05). Data was obtained from 3 separate clones per treatment group. One dish = 20 cm2. All data are mean ± SEM, Student t 
test (unpaired, two-tailed). C. Mice were injected with 2x106 JB6 cells subcutaneously in the right and left flank of a SCID mouse. Mice were injected with cells treated 
with fat tissue filtrate as described in Figure 2. Data shows picture of tumor formation in SCID mice 10 days after injection. D. Immunohistochemistry of tumor in SCID 
mice injected with JB6 cells treated with HFD fat tissue filtrate demonstrates a fibrosarcoma at 40x and 200x magnification.
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To determine if transformed cells form tumors in mice, JB6 cells 
(2×106) treated with LFD or HFD fat pad filtrate were isolated and 
expanded from soft agar then injected subcutaneously into the left 
and right hind flanks of SCID mice. Tumor formation was analyzed 
at 10 days post injection. Only the cells transformed by HFD fat tissue 
filtrates formed tumors in mice (Figure 5C and 5D). Histopathology 
examination determined the formation of a type of fibroblastic 
sarcoma, which is a malignant mesenchymal tumor derived from 
fibrous connective tissue and characterized by the presence of immature 
proliferating fibroblasts or undifferentiated anaplastic spindle cells in a 
storiform pattern (Figure 5D). This tumor demonstrates invasion into 
muscle (Figure 5D).

Discussion
Diet-induced obesity is increasing globally [13]. It has been 

estimated that 68% of American adults are overweight or obese, causing 
significant morbidity and mortality [14]. Recent research suggests that 
obesity can influence cancer risk, survival and reoccurrence [15,16]. 
However, the molecular changes induced by obesity that actually 
enhance cancer development are poorly understood. Obese individuals 
generally consume more dietary fat, which has been linked to increased 
cancer risk [17]. Importantly, obese individuals have high amounts of 
adipose tissue, a metabolically active organ that, in addition to storing 
calories, secretes large numbers of adipokines [18,19]. Obesity alters the 
metabolic and endocrine functions of adipose tissue and is associated 
with elevated plasma free fatty acids [20] as well as proinflammatory 
adipokines/cytokines that may play a role in tumor development 
[21,22]. Several investigators have evaluated the relationship between 
dietary fat intake and non-melanoma skin cancer in both mice and 
humans. In mouse models, dietary lipid intake was shown to influence 
the risk of UVB-induced carcinogenesis [5,23]. Adele Green and 
colleagues reported in two separate prospective studies an association 
between high fat diets and human non-melanoma skin cancer risk [2,3]. 
Prior to this work, in an intervention clinical trial conducted by Homer 
Black and colleagues, patients with previous skin cancers who reduced 
their consumption of fat by 40% had significantly fewer skin cancers 
[24]. A recent prospective study indicated that obese individuals have a 
lower risk of developing non-melanoma skin cancers than individuals 
with normal body weight, but this may be due to the lack of sun 
exposure [25]. 

In our present study, we demonstrated that an aqueous filtrate made 
from parametrial fat pad homogenate (fat tissue filtrate) from mice 
fed a HFD stimulated the transformation of epidermal JB6 P+ (JB6) 
cells, suggesting a positive association between diet and skin cancer 
in an animal model. JB6 P+ cells are promotion competent (can be 
stimulated to grow in soft agar by phorbol ester tumor promoters such 
as TPA) as established by Nancy Colburn and her colleagues [10,26] 
and confirmed in our laboratory (data not presented). Interestingly, the 
effects of fat tissue filtrate on cell transformation were greater in JB6 
cells cultured with a fat tissue filtrate from mice fed a HFD compared 
with that from mice fed a LFD (Figure 5). These data correlate with our 
previous study that demonstrated that lipectomy surgery will reduce 
skin tumor formation in mice fed a HFD and not in mice fed a LFD 
[7]. Since the adipose tissue that regenerated in the lipectomized mice 
had fewer CLS and reduced adipokine expression [7], we hypothesized 
that macrophage infiltration into adipose tissue due to HFD-feeding 
would stimulate adipokine production, the formation of ROS and the 
transformation of keratinocytes.

Consistent with several recent reports [27-29], we demonstrated 

by F4/80 immunostaining that the parametrial fat tissue of mice 
fed a HFD had a higher density of CLS (Figure 1B). F4/80 is a well-
characterized membrane protein that is used as a marker for mature 
mouse macrophages. CLS are surrogate markers for dead adipocytes 
and indicate tissue macrophage infiltration, suggesting a role for CLS in 
the pathogenesis of obesity and, potentially, a role in the transforming 
capacity of HFD fat pad filtrate. Further implicating CLS in cancer 
prognosis, Dannenberg and colleagues demonstrated that the presence 
of CLS as a predictive biomarker for post-menopausal breast cancer 
risk [30]. 

We demonstrated that HFD feeding stimulated the expression 
of adipokines such as intracellular adhesion molecule-1 (ICAM-1) 
and monocyte chemoattractant protein-1 (MCP-1) (Figure 2C). The 
induction of these proteins could potentially recruit macrophages into the 
parametrial adipose tissue. HFD feeding also stimulated the expression 
of IL-6, leptin and Serpin E1/ plasminogen activator inhibitor-1 (PAI-
1) (Figure 2C). Overall, these adipokines were either absent (MCP-1, 
IL-6, leptin, Serpin E1/PAI-1) or present in lower abundance (ICAM-
1) in the parametrial fat tissue of mice fed a LFD (Figure 2C). A prior 
report demonstrated that macrophages are responsible for at least 50% 
of the IL-6 production in adipose tissue [31] and IL-6 was shown to be 
a potent JB6 cell tumor promoter by stimulating growth in soft agar 
[26], suggesting that macrophages could play a role in the transforming 
capacity of HFD fat tissue filtrate. MCP-1, leptin, ICAM-1, and IL-6 
have all been shown to inhibit apoptosis and stimulate proliferation in 
a wide range of cell types [32-34] and levels are elevated in obesity and 
in some cancers [35-38]. Serpin E1 has been shown to influence cell 
migration by interacting with vitronectin [39], cell surface receptors 
and regulating extracellular matrix proteolysis [40] and stimulate 
proliferation and survival by initiating several pathways such as MYC, 
AKT, and NF-κB [41]. Interestingly, our previously published study 
demonstrated that feeding mice a HFD for 2 weeks, increased the level 
of Serpin E1, in the serum and the epidermis, and this increase was 
inhibited by the removal of the parametrial fat tissue, suggesting that 
this adipokine may be important for obesity-promoted skin cancer 
[7]. Future studies will utilize neutralizing antibodies, inhibitors, and 
receptor antagonists to determine the role of each of these adipokines 
in JB6 cell transformation by HFD fat tissue filtrate.

Macrophage infiltration into parametrial adipose tissue could also 
stimulate the production of ROS. Fat tissue filtrate from mice fed a HFD 
had a greater capacity to stimulate the formation of ROS per mg protein 
when compared to that from mice fed a LFD (Figure 2D). Several 
studies have implicated the balance between ROS and antioxidants in 
different stages of skin carcinogenesis. Colburn and colleagues have 
demonstrated that ROS, specifically superoxide production, is a key 
molecular mechanism of TPA-induced transformation of JB6 cells [12]. 
ROS can stimulate pathways that promote sustained cell proliferation, 
inhibit cell apoptosis and promote tumor progression and have also 
been shown to trigger the formation of downstream molecules involved 
in the process of EMT (reviewed in Wang et al. [42]). Interestingly, we 
demonstrated that fat tissue filtrate from mice fed a HFD can stimulate 
changes in cell morphology (Figure 4) characteristic of an epithelial-
mesenchymal transition (EMT), a developmental process characterized 
by the loss of epithelial markers and gain of mesenchymal markers that 
increase the ability of cells to migrate or invade [43-46]. Treatment of 
JB6 cells with fat tissue filtrate from mice fed a HFD stimulated the loss 
of E-cadherin, a hallmark of EMT, and increased the level of Twist, a 
key E-cadherin transcriptional repressor [44] (Figure 4B). Cells were 
seeded and adhered with an epithelial phenotype, but after several cell 
divisions converted to more fibroblast-like cells. These results suggested 
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that the morphological changes observed required proliferation. 
Although 5% FBS stimulated cell proliferation to the same extent as fat 
tissue filtrate from mice fed a HFD (Figure 3), there was no appreciable 
effect on cell transformation, indicating that although proliferation 
may be required for transformation, it is not sufficient. Which specific 
reactive oxygen and nitrogen species are produced in JB6 cells and the 
role of ROS and antioxidants in fat tissue filtrate-induced proliferation 
and transformation is unknown, but will be the subject of future studies.

It was of considerable interest that JB6 cells that had a fibroblast-like 
morphology after culturing with fat tissue filtrate from mice fed a HFD 
proliferated in soft agar and formed tumors when injected into SCID 
mice (Figure 5). It was previously established that JB6 cells with a more 
fibroblastic-like phenotype form greater numbers of and larger colonies 
in soft agar compared with JB6 cells with a round epithelial shape [46]. 
These observations indicate that cells with a fibroblast-like morphology 
(after only 7 days of exposure to a fat tissue filtrate) are transformed 
as indicated by their growth in soft agar. Colonies isolated from soft 
agar retained their fibroblast-like morphology when grown for 16 
passages in liquid medium and demonstrated the same colony forming 
efficiency. Continual observation of the fat tissue filtrate-transformed 
fibroblast-like cells and periodic testing of their ability to grow in soft 
agar demonstrated an irreversibility of transformation. These data 
are in contrast to a previous study with JB6 cells that demonstrated 
that TPA-induced morphological changes in JB6 cells were reversible 
[46]. However, in these studies the experimental conditions were 
different and a subpopulation of cells still demonstrated anchorage 
independence, suggesting partial stability of a transformed phenotype 
[46].

The model described in the present manuscript provides 
a foundation for future studies on molecular mechanisms by 
which parametrial fat tissue promotes skin cell transformation. 
Further research is needed to determine whether adipocytes and/
or inflammatory cells such as macrophages are the most critical 
contributors of adipokines and/or ROS that may be involved in the 
transforming capacity of the fat tissue filtrate from mice fed a HFD. It 
will also be of considerable interest to determine whether human fat 
tissue stimulates the transformation of JB6 cells or other immortalized 
cells such as those from the prostate, breast, colon, uterus, and kidney– 
tissues that are prone to obesity-enhanced carcinogenesis [15]. Fat 
tissue filtrate-induced transformation of JB6 or other immortalized 
epithelial cells provides a useful in vitro model for studying molecular 
mechanisms of fat-induced tumor promotion as well as for evaluating 
the effects of potential chemopreventive agents. 

In summary, parametrial fat tissue from animals fed a HFD had 
a higher density of macrophage-fused dead adipocytes (crown-like 
structures), more adipokines, and stimulated the production of more 
reactive oxygen species compared with parametrial fat tissue from mice 
fed a LFD. These differences between parametrial fat tissue from mice 
fed a HFD and LFD were associated with their effect on the in vitro 
transformation. Fat tissue filtrate made from the parametrial fat tissue 
of mice fed a HFD had 160% more transforming activity than that from 
mice fed a LFD and formed malignant mesenchymal tumors in vivo. 
These studies provide the first in vitro demonstration of a parametrial 
fat tissue-induced transformation of an epidermal cell. 
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