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served in presence of AdipoCM and decreased TUBB2B expression, suggesting that
a paracrine secretion of IGF-1 by PPAT affect DCTX response of PCa cell. Collec-
tively, our study showed that factors secreted by PPAT elicits DCTX resistance
through antiapoptotic proteins and TUBB2B upregulation in androgen independent
PCa cell lines. These findings reveal the potential of novel therapeutic strategies
targeting adipocyte-released factors and IGF-1 axis to overcome DCTX resistance in

patients with PCa.
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1 | INTRODUCTION

Cancer progression is the end-result of a complicated interplay be-
tween cancer cell and its microenvironment.” Prostate tumors are
surrounded by type | collagen-rich tissue and adipose tissue (AT).
Insights in the function of AT highlighted a dynamic organ, releasing
growth factors, cytokines, and hormones,? supporting the idea that
AT acts as a functional player in the cross-talk between cancer and
its microenvironment.

In the last decade, experimental evidence emerged on the effect
of adipocyte-released factors on the therapy resistance of various
cancers.>* In particular, it has been demonstrated that AT creates a
microenvironment that supports resistance to chemotherapy for
disseminating cells,” through different molecular mechanisms such as
sequester of cancer drugs in lipids of adipocytes® or metabolic
adaptation.” Adipocytes differentiate from mesenchymal stromal
cells (MSC) which, together with other nonmalignant cells, constitute
tumor microenvironment (TME) potentially able to promote cancer
progression.® TME includes cells able to release fatty acids and
bioactive molecules regulating signaling pathways involved in cancer
progression.”'° However, molecular mechanisms at the basis of
adipocyte-prostate cancer (PCa) cell crosstalk driving towards ther-
apy escape remain elusive.

Docetaxel (DCTX) is the mainstay combination with androgen
deprivation in earlier stages of PCa, however patients often develop
resistance.’

DCTX binds to diverse sites on tubulin and suppresses micro-
tubule dynamics, blocks mitosis at the metaphase/anaphase transi-
tion and induces cell death.*?

DCTX resistance may reflect lack of tubulin engagement,
because of mechanisms impairing the ability of taxane to stabilize
microtubules.*

In the present study we investigated the factors regulating
adipocyte-PCa cell interactions in the context of response to DCTX,
first-line therapy in metastatic prostate cancer.

Understanding the tumor-promoting factors secreted by PPAT
and the underlying mechanisms of chemoresistance activated in PCa
cells may enrich the list of potential targets for therapy and over-

coming chemoresistance in PCa patients.

2 | MATERIALS AND METHODS

2.1 | Materials

Media, sera and antibiotics for cell culture were from GIBCO
(Thermo Fisher Scientific). Antibodies against tubulin 8 class 1B
(TUBB2B) was purchased from Thermo Fisher Scientific, insulin-like
growth factor-1 receptor (IGF-1 R), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), peroxisome proliferator-activated re-
ceptor gamma (PPARy), CCAAT/enhancer-binding protein alpha
(C/EBPa), pAKT Ser473, B-cell lymphoma extra large (BCL-xL), B-cell
lymphoma 2 (BCL-2), and actin were obtained from Santa Cruz

Biotechnology. Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis reagents were from Bio-Rad. All the other chemicals were

from Sigma-Aldrich.

2.2 | Cell cultures
PC3 and DU145 human prostate cancer cells were cultured in
Dulbecco's Modified Eagle's Medium supplemented with 10% fetal
bovine serum and 2 mmol/L glutamine, 100 IU/ml penicillin, and
100 IU/ml streptomycin. Cultures were maintained in a humidified
atmosphere of 95% air and 5% CO, at 37°C. Human periprostatic
adipose tissue (PPAT) samples were obtained from men undergoing
radical prostatectomy for PCa and prostatic adenectomy for benign
disease. All men were free from endocrine diseases. Informed
consent was obtained from every study participant before the
surgical procedure. The study was conducted in accordance with
the Declaration of Helsinki and the protocol was approved by the
Ethics Committee of the University of Naples “Federico II” (project
identification code 118/20).

Periprostatic adipose derived Mesenchymal Stem Cells
(Ad-MSCs) were isolated from the Stromal Vascular Fraction and
differentiated in mature adipocytes as previously described.**

2.3 | Conditioned media system

Mature adipocytes were washed two times with sterile phosphate-
buffered saline (PBS) and incubated with serum-free media supple-
mented with 0.25% albumin bovine serum (BSA). After 24h,
adipocyte-conditioned media (AdipoCM) were collected, centrifuged

to remove cellular debris and placed onto recipient cells.

2.4 | Viability assay

PC3 and DU145 cells were plated in 96 well plates (2 x 10* cells/well)
in triplicate. AdipoCM, DCTX, and AG1024 were added to cells as
described in Results section. Viability was evaluated 48 h following
treatment using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay (CGD1, Sigma) according to the manu-
facturer's protocol.

2.5 | Western blot

For western blot assays, cells were washed with ice-cold PBS and
harvested in Laemmli buffer (with p-mercaptoethanol) containing a
mixture of phosphatase inhibitors (0.5 mM sodium vanadate, 2 mM
sodium pyrophosphate, 5mM -glycerolphosphate, and 50 mM so-
dium fluoride) and the proteases inhibitor phenylmethylsulfonyl
fluoride (Sigma-Aldrich). Western blots were carried out as pre-
viously reported.*”
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2.6 | IGF-1 assay

Insulin-like growth factor-1 (IGF-1) was determined using LIAISON®
IGF-1 (DiaSorin). The method for quantitative determination is a
single-stage sandwich chemiluminescence immunoassay and the as-
say was performed according to manufacturer's instructions.

2.7 | Statistical analysis

Comparisons between groups were performed by using one-way
analysis of variance. Statistical analysis was performed by using SPSS
version 20 software. Bar and errors flags represent mean + standard
error of the mean of at least three independent experiments. For all
statistical tests, differences were considered significant at the 5%

level (*p values <.05).

3 | RESULTS

3.1 | AdipoCM affects cell viability in PCa cells
First, we induced adipocyte differentiation of human mesenchymal
stem cells (AdMSCs) isolated from PPAT of patients with benign
adenoma and PCa with different Gleason score [G7(3+4); G8 (4+4)].
As shown in Figure 1A, AAMSCs from PPAT expressed PPARy and
C/EBPa protein, the master regulator of adipogenic differentiation.

To investigate the impact of adipocyte-released factors from
PPAT on PCa cell phenotype, we used conditioned media (CM)
approach. To this aim, we treated PC3 and DU145, two highly ag-
gressive androgen-independent PCa cell lines, with AdipoCM of
PPAT from adenoma and PCa specimens. In both PC acell lines,
AdipoCM from adenoma, G7 (3+4) and G8 (4+4) significantly
increased cell viability (Figure 1B,C).

3.2 | Adipocyte-released factors affect DCTX
sensitivity

DCTX-based chemotherapy is a first-line agent in metastatic
castration-resistant PCa (mCRPC). However, most patients even-
tually develop resistance to this treatment and the key molecular
mechanisms are still unknown.'® Therefore, we wondered if Adi-
poCM modify the responsiveness of PCa cells to DCTX. As reported
in Figure 2 and as already demonstrated,'” 8 nM docetaxel induces a
30% reduction of cell viability in both DU145 and PC3 cells. Adi-
poCM of PPAT from adenoma, G7 (3+4) and G8 (4+4) specimens
induced the reduction in DCTX responsiveness (Figure 2), both in
DU145 and PC3 prostate cancer cells.

To address whether AdipoCM or DCTX affected cell death, we
evaluated the expression of two antiapoptotic proteins of BCLs fa-
mily, BCL-xL, and BCL-2 in DU145 and PC3 cells upon AdipoCM and
DCTX treatment, alone or in combination. As shown in Figure S1, the
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addition of AdipoCM in cells treated with DCTX counteract the

decrease of antiapoptotic proteins in both cell lines.

3.3 | AdipoCM upregulate the expression of
p-tubulin isoform TUBB2B

To investigate the molecular mechanisms potentially involved in the
reduction of DCTX responsiveness by AdipoCM, we focused on the
effect of AdipoCM in the expression of genes involved in DCTX re-
sistance, such as TUBB2B, an alternative -tubulin isoform, pre-
venting taxane-induced microtubule stabilization. In DU145 and PC3
cells, the treatment with AdipoCM from PCa specimens increased
expression of TUBB2B (Figure 3), suggesting that its upregulation
could be a possible mechanism for DCTX resistance induced
by PPAT.

3.4 | IGF-1is a driver of AdipoCM effect on PCa
cell malignant phenotype

Preclinical studies demonstrated that IGF-1 axis modulates PCa
phenotype.’® In addition, epidemiological data revealed that high
IGF-1 circulating levels are associated with increased risk of prostate
cancer.’” Moreover, several authors reported that IGF-1 is involved
in DCTX resistance of PCa cell lines.”®?* Therefore, we evaluated
IGF-1 levels in AdipoCM from PPAT of adenoma and PCa specimens.
We found that IGF-1 concentration ranged from 15 to 45.1 ng/ml
(median value 22.0 ng/ml). The detailed results were described in
Table 1.

In addition, we evaluated IGF-1 receptor expression in PC3 and
DU145 cell lines, showing that both cell line expressed IGF-1 re-
ceptor at basal levels and upon AdipoCM incubation (Figure 4).

Next, we pretreated DU145 and PC3 with AG1024 8uM, a
widely used IGF-1 receptor inhibitor, and then incubated with
AdipoCM and DCTX, alone or in combination. As shown in Figure 5,
in DU145 (Figure 5A) and PC3 (Figure 5B) the incubation with
AdipoCM significantly reduce response to DCTX. Of note, the
treatment with AG1024 reduced the increase of cell viability ob-
served in presence of AdipoCM and DCTX (Figure 5).

3.5 | IGF-1 inhibition decreases TUBB2B protein
expression in PCa cell

To clarify the molecular mechanisms by which IGF-1 inhibition re-
store DCTX response, we evaluated TUBB2B protein expression
after AG1024 treatment. Interestingly, AdipoCM increased AKT
phosphorylation (ser473) compared with control and this effect was
blocked by AG1024 treatment (Figure 6A,B). Of note, in both cancer
cell lines, DU145 (Figure 6A) and PC3 (Figure 6B) the treatment with
AdipoCM from adenoma and G8 (4+4) increased TUBB2B protein
expression. Moreover, the pretreatment with AG1024 8 uM reduced
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FIGURE 1 Adipocyte-conditioned media effect on prostate cancer cell viability. (A) Mesenchymal stem cells from PPAT were isolated and
differentiated as described in Section 2. The lysates were analyzed by immunoblotting with PPARy and C/EBPa antibodies and
autoradiography. GAPDH antibody was used for normalization. (B) DU145 and (C) PC3 (2 x 10* cells) cells were plated in 96 well plates and
serum starved for 16 h cells. Then, the cells were incubated with 0,25% BSA or PPAT Adipocyte-CM from Adeno, G7(3 +4) and G8(4 + 4)
adipocytes for 48 h. Cell viability was assessed by the MTT assay. The results were reported as percentage of viable cells compared to control,
considered as maximum viability (100%). Data represent the mean + SD of triplicate samples of three independent experiments. The bars
represent the mean + SD of at least three independent experiments. *p value <.05. BSA, bovine serum albumin; C/EBPa, CCAAT/enhancer-
binding protein alpha; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PPARy, peroxisome proliferator-activated receptor
gamma; PPAT, periprostatic adipose tissue; SD, standard deviation
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FIGURE 2 Docetaxel response in prostate cancer cell line upon AdipoCM treatment. DU145 and PC3 (2 x 10* cells) cells were plated in 96
well plates and serum starved for 16 h cells. The cells were incubated with 0.25% BSA or PPAT Adipocyte-CM from Adeno, G7(3 +4) and
G8(4 + 4) adipocytes for 24 h. Then, the cells were treated with docetaxel 8 nM for 48 h alone or in combination with AdipoCM. Cell viability
was assessed by the MTT assay. The results were reported as percentage of viable cells compared to control, considered as maximum viability
(100%). Data represent the mean + SD of triplicate samples of three independent experiments. *p value <.05. BSA, bovine serum albumin;
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PPAT, periprostatic adipose tissue; SD, standard deviation

TUBB2B expression, suggesting that IGF-1 is involved in DCTX re-
sistance induced by AdipoCM. To test our hypothesis, we treated
DU145 and PC3 cells with recombinant IGF-1, choosing the lowest
concentration found in AdipoCM from PPAT. In both PCa cell lines,
IGF-1 15 ng/ml increased TUBB2B protein expression and the pre-
treatment with AG1024 reverted this effect (Figure 6C,D).

4 | DISCUSSION

Prostate gland is covered anteriorly by PPAT.?? PCa infiltration into
the adjacent fat is a risk factor for PCa progression.”® PPAT thick-
ness has been positively associated with aggressiveness of PCa.?*?°

Sasaki et al?® recently showed that pretreatment ratio of
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FIGURE 3 TUBB2B expression in prostate cancer cell. (A) DU145 and (B) PC3 were serum starved for 16 h cells and then incubated with
0,25% BSA or PPAT Adipocyte-CM from G7(3 +4) and G8(4 + 4) adipocytes for 48 h. The lysates were analyzed by immunoblotting with
TUBB2B antibody and autoradiography. Actin antibody was used for normalization. The autoradiograph shown is representative of three
different experiments. BSA, bovine serum albumin; PPAT, periprostatic adipose tissue; TUBB2B, §-tubulin isoform 2B

periprostatic adipose tissue-to-subcutaneous adipose tissue thick-
ness on MRI is an independent predictor of survival in men with
advanced PCa. Several authors reported that PPAT releases several
cytokines as IL6, TNF-alpha, chemokines as CCL7 and matricellular

protein as osteopontin able to favor PCa growth, migration, and

TABLE 1 Clinicopathological characteristics of patients

Low grade Age BMI Grading IGF-1
patients (years) (kg/m?) (Gleason score) [ng/ml]
1 66 25 6 (3+3) 248

2 61 21 7 (3+4) 24.5

3 74 24 7 (3+4) 214

4 63 31 7 (3+4) 22.0

5 63 27 7 (3+4) 233

6 65 32 7 (3+4) 15.1

7 65 32 7 (3+4) 15.0
High grade Age BMI Grading (Gleason
patients (years) (kg/m?) score)

8 75 25 7 (4+3) 15.0
9 74 23 8 (4+4) 15.1
10 75 21 8 (4+4) 15.0
11 65 26 8 (4+4) 38.2
12 70 26 8 (4+4) 45.1
13 68 24 8 (4+4) 27.5
14 57 26 8 (4+4) 15.0
15 73 29 9 (4+5) 233
BH patients (controls) Age (years) BMI (kg/m?)

16 70 27 - 15.0
17 57 37 - 36.7
18 84 21 - 221

Abbreviations: BMI, body mass index; IGF-1, insulin-like growth factor-1.

invasion.?” %7 In addition, experimental evidence were available in-
dicating that PCa cell stimulate PPAT to release factors promoting
their aggressiveness, leading to a positive feedback loop.?”

Less is known about the role of AT in cancer chemoresistance.
Recently, Su et al.>° demonstrated that adipocytes promote both
epithelial to mesenchimal transition (EMT) and chemoresistance in

PCa cell culture and animal models.>° Herroon et al.>*

using both in
vivo and in vitro coculture systems showed a reduced response of
PCa cells to DCTX induced by exposure to adipocytes mediated by
lipolysis.

Taxanes (DCTX and cabazitaxel) are still the first line therapy for
the treatment of CRPC who have experienced progression after
androgen-deprivation therapy (ADT).*?

The mechanisms of resistance to taxanes included mainly upre-

gulation of efflux transporters as ABCB1°%

and increased expression
of B-tubulin isoforms as Class I, Ill, and V.34 In particular,
Ploussard et al.** identified a role for class IIl B-tubulin expression as
prognostic and predictive biomarker in CRPC. Recently, it has been
demonstrated that taxanes resistance in PCa involves lack of drug-
target engagement.™®

In this study using CM approach in two different androgen-
independent PCa cell lines, DU145 and PC3, we demonstrated that
exposure to adipocyte-released factors significantly increases
TUBB2B expression, a -tubulin isoform previously associated with
DCTX resistance in metastatic PCa cells.*® Notably, we obtained
data from GEO data set GDS1439 on microarray expression profile
of 13 PCa tumors (seven clinically localized primary PCa and six
metastatic PCa) and six benign prostate tissues. Data showed that
the expression of TUBB2B in metastatic PCa was higher compared to
clinically localized PCa and normal prostate tissues (Figure S2),
highlighting that in vivo TUBB2B expression was significantly asso-
ciated with prostate cancer progression and poor clinical outcome.

We also showed that AG1024, a selective inhibitor of IGF-1
receptor, reduced the increase of cell viability observed in presence
of AdipoCM and DCTX in DU145 and PC3 cell line, suggesting that
IGF-1 released by PPAT could be a key regulator of the effect of

PPAT on DCTX efficacy in PCa cell. Our study pointed out that IGF-1
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FIGURE 4 Expression of IGF-1 receptor in PCa cell lines. (A) DU145 and (B) PC3 were serum starved for 16 h cells and then incubated with

0,25% BSA or PPAT Adipocyte-CM from adenoma and G8(4 + 4) adipocytes for 48 h. The lysates were analyzed by immunoblotting with IGF-1
receptor antibody and autoradiography. GAPDH antibody was used for normalization. The autoradiograph shown is representative of three
different experiments. BSA, bovine serum albumin; IGF-1, insulin-like growth factor-1; PCa, prostate cancer; PPAT, periprostatic adipose tissue

supplied by PPAT could affect therapeutic response in PCa patients.
Moreover, our findings are first to demonstrate that IGF-1 augments
the expression of a 3-tubulin isotype associated with DCTX-resistant
phenotype.

GH/IGF1 axis plays a key role in prostate differentiation and
cancer development.®’” In particular, IGF1 axis is upregulated in
advanced PCa.®® Moreover, the association between obesity and
cancer has been partly explained by the alterations in the IGF1 axis
in PCa and in several forms of cancers.’*/3742

In addition, in vivo evidence was available regarding the in-
volvement of IGF-1 in the development of drug resistance in PCa.*®
Furthermore, several authors reported circulating IGF-binding pro-
teins (IGFBPs) lower level in patients with high-grade compared with
low-grade PCa.**** High preoperative circulating IGF-1 levels are
associated with an increased risk of advanced prostate cancer.*¢*’
PCa tissue expression of IGF-1 receptor was significantly associated
with the risk of progression to a lethal disease.*® Notably, IGF-1R
knockdown reduced prostate cancer cell lines growth.*’

IGF-1 in PPAT may act in a paracrine manner, regulating
function of the surrounding cells, including PCa cells. Accordingly,
we showed that inhibition of IGF-1 receptor by AG1024, decreased
the effect of adipocyte-released factors on DCTX response, thereby
indicating that IGF-1 is a pivotal factor in adipocyte regulation of
PCa cell drug response. However, these results are limited to an in
vitro interaction model between PCa cells and adipocytes. We used
isolated adipocytes rather than whole AT. It is well known that AT
is a mixture of different types of cells including mature adipocytes,
pre-adipocytes, fibroblasts, and immune cells and the effects ob-
served in vivo could be due to interactions between these compo-
nents. In addition, a supplemental source of diversity was the
intrinsic heterogeneity of the studied patients. Further studies
are needed to assess the relevance of IGF-1-released by PPAT in
the regulation of DCTX response in PCa. However, our study re-
inforces the hypothesis that individual AT (e.g., PPAT) may drive
cancer progression”* and chemotherapy efficacy more than BMI.
Accordingly, Cushen et al.°° showed that high volume of visceral
fat, but not BMI more than 25kg/m? is associated with poorer
survival in patients with CRPC treated with DCTX chemotherapy.
Accordingly, Wu et al.>* reported in 333 patients with mCRPC that

high BMI was associated with longer survival, conversely the pre-
sence of visceral obesity is associated with poorer survival. Col-
lectively, there is growing evidence that BMI does not accurately
discriminate between lean and fat tissues and it is unable to mirror
the effect of each individual AT (e.g., visceral and subcutaneous).”?
Based on our findings, measuring PPAT thickness should provide
more relevant information on PCa prognosis than using general
obesity markers as BMI. It could be useful to incorporate
PPAT-related measure into PCa risk calculator to ameliorate PCa
prognosis assessment. Our results provided not only more robust
molecular basis on the relationship between PPAT and PCa
progression, but also it offers relevant insight into the potential use
of B-tubulin isotypes as prognostic biomarkers and IGF-1 as
potential therapeutic target in patients with metastatic PCa.

Collectively, our results demonstrated for the first time in PCa
that tumor-surrounding adipocytes promote resistance to DCTX
through a TUBB2B—dependent mechanism. In human PCa tissues,
TUBB2B is upregulated in high-grade, highlighting the clinical re-
levance of our results.

This study reveals a new role of PPAT in affecting PCa clinical
outcome and could provide interesting opportunities to set up
specific strategies for the treatment of PCa patients exhibiting

aggressive PCa.

5 | CONCLUSIONS

Chemoresistance is one of the main barriers in cancer therapy. The
present study showed that conditioned media collected from PPAT
increased antiapoptotic and TUBB2B proteins expression and con-
sequently led to decreased DCTX efficacy in DU145 and PC3 an-
drogen independent PCa cell lines. IGF-1 released by PPAT
enhanced TUBB2B expression and DCTX resistance (Figure 7).

These findings provide a better understanding of the relevance
of AT in PCa microenvironment for the development of chemore-
sistance and indicate the potential of revealing novel therapeutic
strategies to overcome drug resistance in CRPC.

Additional studies are needed to confirm this new proposed
model linking PPAT and PCa aggressiveness and thereby recognize
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FIGURE 5 Insulin-like growth factor inhibitor AG1024 effect on docetaxel sensitivity. (A) DU145 and (B) PC3 (2 x 10% cells) cells were
plated in 96 well plates and serum starved for 16 h cells. Then, the cells were incubated with 0,25% BSA or PPAT Adipocyte-CM from Adeno,
G7(3 +4) and G8(4 + 4) adipocytes for 48 h. Then, the cells were treated with docetaxel 8 nM and AG1024 8 uM alone or in combination with
AdipoCM. Cell viability was assessed by the MTT assay. The results were reported as percentage of viable cells compared with control,
considered as maximum viability (100%). Data represent the mean + SD of triplicate samples of three independent experiments. *p value <.05.

BSA, bovine serum albumin; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide; PPAT, periprostatic adipose tissue;
SD, standard deviation
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FIGURE 6 AG1024 effect on TUBB2B expression in prostate cancer cell. (A) DU145 and (B) PC3 were serum starved for 16 h cells and
then incubated with 0,25% BSA or PPAT Adipocyte-CM from Adeno and G8(4 + 4) adipocytes and in combination with AG1024 8 uM.

(C) DU145 and (D) PC3 cells were serum starved for 16 h, pretreated with AG1024 8 uM and then stimulated with IGF-1 recombinant protein
for 48 h. The lysates were analyzed by immunoblotting with pAKT and TUBB2B antibodies and autoradiography. GAPDH antibody was used for
normalization. The autoradiograph shown is representative of three different experiments. BSA, bovine serum albumin; PPAT, periprostatic

adipose tissue; TUBB2B, B-tubulin isoform 2B

/ Adipocyte-released

DOCETAXEL AN | factors
\ v
A
A
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FIGURE 7 Schematic representation of the proposed role of PPAT in promoting DCTX resistance in PCa cell. (A) Periprostatic mature
adipocytes released factors upregulated BCL-xL, BCL-2, and TUBB2B expression in PCa cell favoring DCTX resistance. BCL-2, B-cell lymphoma-
2; BCL-xL, B-cell lymphoma extra large; DCTX, docetaxel; PCa, prostate cancer; PPAT, periprostatic adipose tissue; TUBB2B, -tubulin
isoform 2B
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novel molecular target to disjoin the cooperating role of PPAT in PCa

drug resistance.
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