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“Obesity begets cancer” is an apt adage considering
increasing research pointing to obesity as an important
causal factor for increased risk and aggressiveness of many
cancer types (1-3). In prostate cancer (PCa), obesity plays
a complex role with obesity reported to reduce the risk
of localized, low grade, indolent PCa (4) while increasing
the risk of aggressive, high grade disease (5). Obesity has
been associated with increased PCa mortality as a result
of aggressive disease (1,3). In addition, obesity leads to
increased risk of biochemical recurrence (BCR) after
radical prostatectomy (RP) (4). Considering the increasing
prevalence of obesity across populations and increasing
incidences and mortality of aggressive PCa, understanding
the underlying mechanisms are vital and is currently an area
of active investigations.

Prostate gland is surrounded by periprostatic white
adipose tissue (PPAT). PPAT is composed of predominantly
adipocytes and other cell types such as macrophages,
lymphocytes, fibroblasts, vascular endothelial cells and
adipose stromal cells (ASCs). An admixture of PPAT with
prostate tumor cells lead to extraprostatic extension (6), a
frequent finding in aggressive PCa, that is associated with
poor prognosis. Obesity increases extraprostatic extension as
the abundance of PPAT is increased in obesity, promoting
the admixture of these fat cells with tumor cells, leading
to increased PCa aggressiveness (7). Burgeoning evidence
indicates that there is a cross talk between fat cells and cancer
cells that leads to aggressive PCa. Paracrine mitogenic, anti-
apoptotic, angiogenic and immune suppressive signaling from
adipose cells is involved in this cross-talk leading to enhanced
tumorigenesis (2,7). Mature adipocytes, the lipid storing
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cells of fat tissue, are highly ‘endocrine’ cells that secrete a
plethora of hormones, growth factors, chemokines or pro-
inflammatory adipokines (8,9). Laurent et 4/. demonstrated
that adipocytes secrete a chemokine, CCL7 that diffuses
from PPAT to the peripheral zone of the human prostate
gland. CCL7 binds to chemokine receptor CCR3 expressed
on the surface of PCa cells, thereby stimulating the migration
of these cancer cells leading to extraprostatic extension (8).
Similarly, fatty acid-binding protein 4 (FABP4) was shown
to be released by adipocytes that is taken up by PCa cells to
promote invasion (3,10).

Adipocytes are derived by differentiation from
mesenchymal, fibroblastic progenitor cells termed ASCs.
Like mature adipocytes, ASCs also secrete tumor-trophic
adipokines, that cause ASCs to migrate from adipose tissue
to tumor (Figure I). Tumor migrant ASCs are thought to
contribute to tumor stroma like adipocytes and obesity
promotes ASC trafficking from adipose tissue to tumors,
leading to cancer progression and poor survival. In a recent
study, Su et al. (in 2018) demonstrate that ASCs induce
epithelial-to-mesenchymal transition (EMT) in prostate
carcinoma cells, leading to increased aggressiveness of
PCa cells, that underlies chemoresistance (11) (Figure 1).
Epithelial-mesenchymal transition (EMT) is considered
as the initiating and most critical step in tumor invasion
and metastasis that is characterized by changes in gene
expression, including decreases in epithelial genes (such as
E-cadherin) and increases in mesenchymal genes (such as
N-cadherin and vimentin) (12-14). Following EMT, cells
become motile, detach from the primary tumor and colonize
distant sites, seeding the development of secondary tumors

Transl Androl Urol 2019;8(Suppl 3):5250-S253 | http://dx.doi.org/10.21037/tau.2019.01.03


https://crossmark.crossref.org/dialog/?doi=10.21037/tau.2019.01.03

Translational Andrology and Urology, Vol 8, Suppl 3 July 2019

S251

TUMOR STROMA

| Adipose stromal cells (ASCs) |

Migrate to tumor tissue .

A

Chemoresistant
mesencymal tumor cells

EMT %EJ

Prostate epithelial
tumor cells

Adipokines
and other

stromal Ct| [ ])
factors

PN |

D-CAN, D-CAN+Cisplatin

Periprostatic white adipose tissue

Figure 1 Schematic representation summarizing the findings of Su ez 4/ (11) demonstrating the role of ASCs in PCa EMT and

chemoresistance. ASCs, a component of periprostatic white adipose tissue, cross-talks with prostate tumor cells via the release of adipokines

and other factors. This crosstalk induces EMT in tumor cells, leading to increased invasiveness and chemoresistance. Co-targeting of ASCs

with D-CAN in combination with chemotherapeutic drug cisplatin inhibits PCa growth. ASC, adipose stromal cell; EMT, epithelial-to-

mesenchymal transition; PCa, prostate cancer.

(13,15). Su et al. (11) employed androgen-dependent PC3 or
androgen-independent LNCaP cells transduced with GFP
and co-cultured these cells with non-fluorescent human
primary ASCs, derived from periprostatic adipose tissue.
GFP labelling of PCa cell lines enabled tracking of these
cells in mixed culture with non-GFP ASCs. After 24 hours
of co-culture, cells were fixed and immunofluorescence
staining was performed for epithelial marker E-cadherin
and mesenchymal marker N-cadherin. While control cells
showed membranous E-cadherin staining consistent with
their epithelial phenotype, PCa cells co-cultured with
ASCs lost this epithelial marker and gained mesenchymal
N-cadherin staining, suggesting an induction of EMT in
these PCa cell lines. "To validate this EM'T phenotype, they
FACS-sorted PCa cells from co-cultured ASCs by GFP
fluorescence followed by RT-PCR analyses. Epithelial
marker CdhI (encodes E-cadherin) expression was reduced
concomitant with induction of mesenchymal markers Cdh2
(encodes N-cadherin), fibronectin, vimentin, Zeb2, Slugl
confirming EMT induction upon co-culture with ASCs.
To examine the consequences of these EMT alterations
on cellular motility, the authors performed ‘wound healing
assay’ and ‘trans-well Boyden chamber assay’. These assays
showed that co-culture with ASCs induced the motility of
PCa cell lines owing to EMT induction. Since EMT has
been implicated in cancer chemoresistance (16), the authors
also evaluated the effects of ASCs on sensitivity of PCa
cells to chemotherapeutic drugs. PCa cells survived higher
doses of chemotherapeutic drugs cabazitaxel, docetaxel and
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cisplatin when grown in the presence of ASCs than those
grown without ASCs. Further, the cells surviving drug
treatment were found to be the ones with mesenchymal
characteristics, indicating that mesenchymal cells are less
drug sensitive that their epithelial counterparts.

Further, authors examined the validity of these in vitro
findings in a mouse tumor model (11). Experimental male
mice were fed a high fat diet for 12 weeks that led to diet-
induced obesity. Control mice were age-matched males
who received low fat diet for this period. These two groups
of mice underwent subcutaneous grafting of spheroids
of HMVP?2 cell line. HMVP2 cell line was previously
established by this group from tumors of a PCa mouse Hi-
Myc model that shows basal-epithelial characteristics (17).
Obese mice developed tumors at a faster rate that
matched lean mice. Further, the tumors were resected and
histologically assessed. Tumors in obese mice showed tumor
invasion into the surrounding adipose tissue with higher
lymphocyte infiltration and a higher cellular proliferation
than lean mice. Consistent with the observed i vitro effects
of ASCs on inducing EMT in PCa cells, tumors from obese
mice contained less epithelial E-cadherin positive cells and
more mesenchymal N-cadherin staining cells as compared
to controls.

This group has previously designed peptides to
specifically target ASC populations, called D-Wat and
D-CAN (18-20). These ‘hunter-killer peptides’ are
composed of an ASC binding domain and a pro-apoptotic
domain that show a dose-dependent ASC cytotoxicity and
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have the potential to suppress tumor growth in mice (19).
Treatment of co-culture of ASCs and LNCaP cells with
these peptides rendered PCa cells chemosensitive to the
drugs cabazitaxel, docetaxel and cisplatin (11). Surviving
LNCaP cells were found to be less migratory upon ASC
depletion pointing to reduction in mesenchymal features.
Importantly, D-CAN treatment of obese mice resulted in
reversal of the obesity effects including reduction in overall
tumor growth, cellular proliferation, tumor invasion into
surrounding PPAT and lymphocyte infiltration. Observed
effects on EMT were also reversed upon DCAN treatment.

Next, the authors sought to examine the effects of ASC
depletion in vivo on chemosensitivity of PCa cells (11).
Mice subcutaneously grafted with HMVP2 spheroids were
treated either with cisplatin alone (at two doses 0.5 or
2.4 mg/kg) or with D-CAN or a combination of 0.5 mg/kg
cisplatin and D-CAN. Cisplatin was not effective alone
at low dose of 0.5 mg/kg. However, when combined with
D-CAN, this low dose of cisplatin was sufficient to suppress
tumor growth without any signs of toxicity. These data
suggest that the effects of chemotherapeutic drugs can be
enhanced by co-targeting ASCs. Collectively, these findings
imply that cross-talk of tumor cells with ASCs drive EMT,
leading to protection of carcinoma cells from chemotherapy
(Figure I). Similar to ASCs, the authors found that mature
adipocytes also induced EMT and chemoresistance (11). It
remains to be determined if ASCs and adipocytes converge
on similar pathways in impacting EM'T or if these cell types
act via distinct mechanisms. Nonetheless, in view of the
findings of Su ez al. (11), dosing of chemotherapeutic drugs
for cancer treatment need to factor in obesity. This study
in conjunction with other similar studies in this direction
(7,21,22) emphasize a need for specifically tailored therapies
for obese patients to improve survival outcomes.
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