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Abstract: Chemotherapy is an important treatment option for advanced prostate cancer, especially
for metastatic prostate cancer (PCa). Resistance to first-line chemotherapeutic drugs such as docetaxel
often accompanies prostate cancer progression. Attempts to overcome resistance to docetaxel by com-
bining docetaxel with other biological agents have been mostly unsuccessful. A better understanding
of the mechanisms underlying docetaxel resistance may provide new avenues for the treatment of
advanced PCa. We have previously found that the fatty acid-binding protein 12 (FABP12)-PPARγ
pathway modulates lipid-related bioenergetics and PCa metastatic transformation through induction
of Slug, a master driver of epithelial-to-mesenchymal transition (EMT). Here, we report that the
FABP12-Slug axis also underlies chemoresistance in PCa cells. Cell sensitivity to docetaxel is markedly
suppressed in FABP12-expressing cells, along with induction of Survivin, a typical apoptosis inhibitor,
and inhibition of cleaved PARP, a hallmark of programmed cell death. Importantly, Slug depletion
down-regulates Survivin and restores cell sensitivity to docetaxel in FABP12-expressing cells. Fi-
nally, we also show that high levels of Survivin are associated with poor prognosis in PCa patients,
with FABP12 status determining its prognostic significance. Our research identifies a FABP12-Slug-
Survivin pathway driving docetaxel resistance in PCa cells, suggesting that targeting FABP12 may be
a precision approach to improve chemodrug efficacy and curb metastatic progression in PCa.
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1. Introduction

Prostate cancer (PCa) is the most prevalent cancer in men. While localized PCa can usu-
ally be cured, treatment options are limited for metastatic disease [1]. Androgen blocking is
the basis of initial therapy for metastatic PCa. Progression of metastatic castration-resistant
PCa, however, is almost inevitable. As such, docetaxel, a member of the taxane family and
a potent chemotherapeutic drug, has been used as first-line standard of care for metastatic
castration-resistant PCa patients. Unfortunately, the development of resistance to doc-
etaxel is common, and the underlying mechanisms appear to be diverse and remain to
be understood.

Docetaxel shares a common mechanism of action with paclitaxel but shows much
more potent cytotoxicity compared to paclitaxel [2]. It promotes and stabilizes microtubule
assembly, thus disrupting microtubule dynamics, which leads to inhibition of mitotic
cell division and initiation of cell apoptosis [3,4]. Despite being an important first-line
chemotherapy drug conferring excellent initial response in many cancers including PCa,
docetaxel is prone to cellular drug resistance via a variety of different mechanisms [5,6].
For instance, androgen signaling, drug efflux and influx mediators, and stem cell features
have all been found to contribute to increased resistance to docetaxel in PCa [5]. In
addition, there is accumulating evidence showing that aberrant lipid metabolism [7] and
epithelial-to-mesenchymal transition (EMT)-mediated metastasis [8,9] play important roles
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in docetaxel resistance. It has long been known that PCa depends on lipids, rather than
glucose commonly used by other cancers, to sustain energy demands associated with tumor
growth and dissemination [10,11]. Aberrant lipid metabolism has been deemed a hallmark
of PCa progression and treatment resistance [12,13].

FABP12, the most recently-identified member of the fatty acid-binding protein family [14],
is preferentially amplified and upregulated in metastatic PCa, and promotes lipid droplet accu-
mulation, mitochondrial β-oxidation and EMT in PCa cells [15]. FABP12 functions through the
transcription factor ‘peroxisome proliferator-activated receptor gamma’ (PPARγ) [15], a fatty
acid-activated nuclear receptor and driver of metastasis in PCa [16,17]. Here, we examine a
possible role for FABP12 in PCa cell resistance to docetaxel. We identify the apoptosis inhibitor
Survivin as a downstream effector of FABP12 and demonstrate a functional link between the
FABP12-Slug-Survivin axis and resistance of PCa cells to docetaxel through reduced apoptosis.

2. Results
2.1. Fatty Acid-Binding Protein 12 (FABP12) Suppresses Docetaxel-Induced Cell
Growth Inhibition

We have previously shown that the FABP12-PPARγ pathway in PCa cells triggers
epithelial-to-mesenchymal transition (EMT), a critical process involved in tumor progres-
sion, metastatic transformation and treatment resistance. To further explore the role of
FABP12 in PCa treatment, we examined the effect of FABP12 expression on cell growth
inhibition in PC3 cells treated with docetaxel. As FABP12 is naturally expressed at low
levels in PCa cell lines, we generated clonal populations of PC3 cells with ectopic expression
of FABP12 using the pREP4 episomal vector [15]. PC3 cells transfected with either empty
vector (pREP4) or the pREP4-FABP12 expression construct (FABP12+) were treated with
increasing concentrations (0, 0.25, 0.5, 1, 2, 4 nM) of docetaxel. After 24 h of treatment,
control and FABP12+ cells only showed a response to the highest concentration of docetaxel
(4 nM), with no difference in cell growth noted between control and FABP12+ cells (p = 0.23)
(Figure 1A). After 48 h, both the pREP4 and FABP12+ cell lines showed significant growth
inhibition at 2 and 4 nM docetaxel. Although no overall difference was noted between
the two cell lines (p = 0.13), 4 nM docetaxel had a stronger effect on control pREP4 cells
compared to FABP12+ cells (Figure 1B). At 72 h, significant cell growth inhibition was ob-
served at all doses of docetaxel tested in control cells; however, FABP12+ cells only showed
significant responses at the higher concentrations of docetaxel (2 and 4 nM) (Figure 1C).
Overall, FABP12 expression had a significant effect (p = 0.0001) on docetaxel-induced cell
growth inhibition, with IC50s of 1.81 nM and 5.00 nM for pREP4 control and FABP12+
cells, respectively (Figure 1D). The effects of FABP12 expression on docetaxel-induced cell
growth inhibition were not significant at the earlier time points. These results indicate a
suppressive, albeit delayed, role for FABP12 in PC3 cell sensitivity to docetaxel.
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Figure 1. Cell growth suppression by docetaxel in PC3 stable transfectants. PC3 cells stably trans-
fected with empty vector (pREP4) or pREP4 containing FABP12 cDNA encoding the entire FABP12 
open reading frame (FABP12+) were cultured in 96-well plates in the absence (control) or presence 
of docetaxel (DOC, concentrations as indicated) for 24 (A), 48 (B) or 72 (C) hours. Cells were then 
stained with crystal violet and cell density analyzed with a microplate reader. Six wells were used 
for each concentration of docetaxel with two of the six wells left unstained and used as background 
controls. (D) IC50 for PC3-pREP4 and FABP12+ cells based on cell growth curves as a function of 
docetaxel treatment. Curves were generated with MS Excel. Each experiment was repeated at least 
three times. *, p < 0.05; **, p < 0.01. 

2.2. The Slug-Survivin Pathway Underlies the Role of Fatty Acid-Binding Protein 12 (FABP12) 
in Cell Growth  

The growth of cancer cells is regulated by molecular mechanisms governing cell cycle 
progression, cell survival, and cell death, all of which are intimately related and are known 
to be affected by chemotherapeutic drug treatment. Survivin, encoded by the gene BIRC5 
[Baculoviral IAP (inhibitor of apoptosis) Repeat Containing 5], is a prominent inhibitor of 
apoptosis and regulator of cell proliferation during normal development as well as in hu-
man cancers [18,19]. As Survivin is known to regulate chemodrug sensitivity in cancer 
cells [20,21], we investigated whether Survivin could be a downstream effector of FABP12 
in modulating cellular response to docetaxel. We first examined the levels of BIRC5 
mRNA in three independent PC3 control and four independent PC3-FABP12 stable trans-
fectants. We observed induction of BIRC5 expression in all four PC3-FABP12+ cell lines 
compared to the PC3 control cell lines (Figure 2A). Western blot analysis of the same PC3 
cell lines confirmed the induction of Survivin in all four PC3-FABP12+ cell lines compared 
to PC3 control cell lines (Figure 2B). Depletion of FABP12 in PC3-FABP12+ cells resulted 
in marked reduction in Slug and Survivin levels (Figure 2C), extending the previously 
reported regulatory relationship between FABP12 and Slug, to Survivin.  

Figure 1. Cont.
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Figure 1. Cell growth suppression by docetaxel in PC3 stable transfectants. PC3 cells stably transfected
with empty vector (pREP4) or pREP4 containing FABP12 cDNA encoding the entire FABP12 open
reading frame (FABP12+) were cultured in 96-well plates in the absence (control) or presence of
docetaxel (DOC, concentrations as indicated) for 24 (A), 48 (B) or 72 (C) hours. Cells were then
stained with crystal violet and cell density analyzed with a microplate reader. Six wells were used
for each concentration of docetaxel with two of the six wells left unstained and used as background
controls. (D) IC50 for PC3-pREP4 and FABP12+ cells based on cell growth curves as a function of
docetaxel treatment. Curves were generated with MS Excel. Each experiment was repeated at least
three times. *, p < 0.05; **, p < 0.01.

2.2. The Slug-Survivin Pathway Underlies the Role of Fatty Acid-Binding Protein 12 (FABP12) in
Cell Growth

The growth of cancer cells is regulated by molecular mechanisms governing cell cycle
progression, cell survival, and cell death, all of which are intimately related and are known
to be affected by chemotherapeutic drug treatment. Survivin, encoded by the gene BIRC5
[Baculoviral IAP (inhibitor of apoptosis) Repeat Containing 5], is a prominent inhibitor
of apoptosis and regulator of cell proliferation during normal development as well as in
human cancers [18,19]. As Survivin is known to regulate chemodrug sensitivity in cancer
cells [20,21], we investigated whether Survivin could be a downstream effector of FABP12 in
modulating cellular response to docetaxel. We first examined the levels of BIRC5 mRNA in
three independent PC3 control and four independent PC3-FABP12 stable transfectants. We
observed induction of BIRC5 expression in all four PC3-FABP12+ cell lines compared to the
PC3 control cell lines (Figure 2A). Western blot analysis of the same PC3 cell lines confirmed
the induction of Survivin in all four PC3-FABP12+ cell lines compared to PC3 control cell
lines (Figure 2B). Depletion of FABP12 in PC3-FABP12+ cells resulted in marked reduction
in Slug and Survivin levels (Figure 2C), extending the previously reported regulatory
relationship between FABP12 and Slug, to Survivin.

We previously found that the EMT-promoting transcription factor Slug is induced
upon ectopic expression of FABP12 in PCa cells [15]. As FABP12 activates PPARγ, a fatty
acid-activated nuclear transcription factor, and PPARγ knockdown significantly reduces
Slug levels [15]; we next examined a possible relationship between PPARγ and Survivin
by knocking down PPARγ in FABP12+ cells. PPARγ knockdown resulted in considerably
reduced Survivin levels (Figure 2D). As Slug knockdown also reduced Survivin levels,
especially in FABP12+ cells (Figure 2E), our data suggest a FABP12-PPARγ-Slug-Survivin
regulatory axis in PCa cells.
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Figure 2. Western blot analysis of the FABP12-Slug-Survivin pathway in mediating PC3 cell sensi-
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reduction in levels of Survivin upon FABP12 knockdown in PC3-FABP12+ cells using two different 
FABP12 siRNAs (siFABP12-1 and siFABP12-2). (D) Western blot showing reduced levels of Survivin 
in PC3-FABP12+ cells transfected with two different PPARγ siRNAs: siPPARγ-1 (1) and siPPARγ-2 
(2). (E) Western blot showing reversal of FABP12-mediated induction of Survivin upon depletion of 
Slug using two different siRNAs (siSlug-1 and siSlug-2). Actin was used as the loading control. 
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We have previously shown that FABP12 induces EMT in PCa cells through induction 
of Slug, a master transcription factor for EMT transformation [22]. We therefore asked 
whether Slug might also serve as a downstream effector of FABP12 in PCa cell response 
to docetaxel. To this end, we performed siRNA knockdown of Slug in PC3 control and 
FABP12+ cell lines, and then treated these cells with increasing concentrations of docet-
axel. As expected, FABP12-mediated suppression of docetaxel-induced cell growth inhi-
bition was observed in PC3 cells transfected with control siRNAs (panels with black bars 
in Figure 3A,B). Depletion of Slug by two different siRNAs had no effect on docetaxel 
sensitivity in pREP4 cells (panels with gray bars in Figure 3A); however, docetaxel-in-
duced cell growth inhibition was significantly restored after Slug depletion in FABP12+ 
cells (siSlug-1, p < 0.0001; siSlug-2, p < 0.0001) (panels with gray bars in Figure 3B). These 
results are in keeping with Slug mediating PCa cell response to docetaxel through 
FABP12. 

Figure 2. Western blot analysis of the FABP12-Slug-Survivin pathway in mediating PC3 cell sensitivity
to docetaxel. (A,B) Semi-quantitative RT-PCR analysis of BIRC5 RNA (A) and Western blot analysis of
Survivin protein (B) in stable transfectants PC3-pREP4 (pREP4) (three independent clones) and PC3
pREP4-FABP12 (FABP12+) (four independent clones). (C) Western blot showing reduction in levels
of Survivin upon FABP12 knockdown in PC3-FABP12+ cells using two different FABP12 siRNAs
(siFABP12-1 and siFABP12-2). (D) Western blot showing reduced levels of Survivin in PC3-FABP12+
cells transfected with two different PPARγ siRNAs: siPPARγ-1 (1) and siPPARγ-2 (2). (E) Western
blot showing reversal of FABP12-mediated induction of Survivin upon depletion of Slug using two
different siRNAs (siSlug-1 and siSlug-2). Actin was used as the loading control.

2.3. Depletion of Slug Restores Docetaxel Sensitivity in Fatty Acid-Binding Protein 12+
(FABP12+) Cells

We have previously shown that FABP12 induces EMT in PCa cells through induction of
Slug, a master transcription factor for EMT transformation [22]. We therefore asked whether
Slug might also serve as a downstream effector of FABP12 in PCa cell response to docetaxel.
To this end, we performed siRNA knockdown of Slug in PC3 control and FABP12+ cell
lines, and then treated these cells with increasing concentrations of docetaxel. As expected,
FABP12-mediated suppression of docetaxel-induced cell growth inhibition was observed in
PC3 cells transfected with control siRNAs (panels with black bars in Figure 3A,B). Depletion
of Slug by two different siRNAs had no effect on docetaxel sensitivity in pREP4 cells (panels
with gray bars in Figure 3A); however, docetaxel-induced cell growth inhibition was
significantly restored after Slug depletion in FABP12+ cells (siSlug-1, p < 0.0001; siSlug-2,
p < 0.0001) (panels with gray bars in Figure 3B). These results are in keeping with Slug
mediating PCa cell response to docetaxel through FABP12.

2.4. Docetaxel Induces Fatty Acid-Binding Protein 12 (FABP12)-Dependent Prostate Cancer (PCa)
Cell Apoptosis

Survivin is an inhibitor of apoptosis and a major factor in determining docetaxel
efficacy in cancer cells [20,21]. In light of the functional link between FABP12 and Survivin
expression, we next asked whether FABP12 might protect PCa cells from docetaxel-induced
apoptotic cell death. We first examined cell viability as a function of docetaxel treatment
in pREP4 and FABP12+ PC3 cells using the MTS assay as a surrogate for cell viability.
Cells were treated with increasing concentrations of docetaxel for 72 h. While docetaxel
dose-dependent reductions in cell viability were observed in both pREP4 and FABP12+
PC3 cells, the effects on cell viability were considerably attenuated in FABP12+ PC3 cells
(p < 0.0001) (Figure 4A).
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(siControl) or siRNAs targeting Slug (siSlug-1, siSlug-2) and treated with docetaxel at the indicated 
concentrations for 72 h. Cell growth was analyzed by crystal violet staining; ns denotes not signifi-
cant; **, p < 0.01. Experiments were repeated three times. 
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Figure 3. Slug depletion increases the sensitivity of PC3-FABP12+ cells to docetaxel. PC3-pREP4
(pREP4) cells (A) and PC3-FABP12 (FABP12+) cells (B) were transfected with scrambled siRNAs
(siControl) or siRNAs targeting Slug (siSlug-1, siSlug-2) and treated with docetaxel at the indicated
concentrations for 72 h. Cell growth was analyzed by crystal violet staining; ns denotes not significant;
**, p < 0.01. Experiments were repeated three times.
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Figure 4. Analysis of the modulation of docetaxel-induced cell death by FABP12 in PCa cells.
(A,B) Control (pREP4) and FABP12+ PC3 (A) and DU145 (B) cells were treated with docetaxel (DOC)
at the indicated concentrations for 72 h. Cell viability was analyzed with the MTS assay kit (Promega).
(C) Western blots showing the effects of FABP12 expression and docetaxel treatment on the expression of
the apoptosis marker cleaved-PARP (c-PARP) and Survivin in DU145 stable transfectants. All docetaxel
treatment experiments were repeated at least three times; ns denotes not significant; **, p < 0.001.
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We then examined the effect of FABP12 on docetaxel-induced apoptosis in PC3 cells
using Annexin V staining and flow cytometry. Cells were treated with 5 and 10 nM
docetaxel for 72 h. A significant reduction in the percentage of early stage apoptotic
cells (p < 0.0001) was observed in FABP12+ PC3 cells compared to pREP4 control cells
(Figure 5A,B). In contrast to early stage apoptotic cells, we observed few cells in late stage
apoptosis, with no difference in late stage apoptosis noted between pREP4 and FABP12+
PC3 cells treated with docetaxel (Figure 5A,C).

To further document the role of FABP12 in docetaxel-mediated apoptotic cell death,
we examined the effect of ectopic FABP12 expression on a second prostate cancer cell
line, hormone-insensitive DU145. Cell viability analysis using the MTS assay revealed
robust resistance to cell killing by docetaxel in FABP12+ relative to pREP4 control DU145
cells (Figure 4B). Flow cytometry analysis generated similar results to those observed in
PC3 cells, with FABP12 expression in DU145 cells providing significant protection from
docetaxel-induced cell death by apoptosis (Figure 5D). Percentages of both early (p < 0.006)
and late (p < 0.0001) apoptotic cells were significantly reduced in DU145 FABP12+ cells
compared to pREP4 control cells (Figure 5E,F). To verify the effect of FABP12 on apoptosis,
we carried out Western blotting of docetaxel-treated DU145 pREP4 and FABP12+ cells using
an antibody to the apoptotic marker, cleaved PARP (c-PARP). Induction of cleaved PARP
was considerably stronger in pREP4 cells treated with docetaxel compared to FABP12+ cells
(Figure 4C). While muted compared to pREP4 cells, induction of c-PARP was also observed
in FABP12+ cells treated with 5 nM docetaxel. Although Survivin was not detected in
DU145 pREP4 cells (Figure 4C, lane 1), docetaxel treatment resulted in induction of Survivin
levels in these cells. Similar to what we observed in PC3 cells, FABP12 expression in DU145
resulted in a dramatic upregulation in Survivin levels in untreated cells (Figure 4C, lane 4).
No further increases in Survivin levels were observed upon docetaxel treatment in DU145
FABP12+ cells. These results are in agreement with FABP12 inhibiting docetaxel-induced
apoptosis in PCa cells via the apoptosis inhibitor Survivin.

2.5. Survivin Is Associated with Fatty Acid-Binding Protein 12 (FABP12) and Patient Prognosis in
Prostate Cancer

Our findings suggest that Survivin is a downstream effector of FABP12 in promoting
resistance to docetaxel treatment. We next addressed a possible relationship between
FABP12 and Survivin in PCa patient tissues, as well as their interactive implications in
patient prognosis. For these analyses, we used a PCa patient cohort with documented
FABP12 RNA and DNA sequencing data [23]. We found a significant correlation between
FABP12 and BIRC5 mRNA expression in this cohort (r = 0.57, p < 0.0001; Figure 6A). Similar
to that previously reported for FABP12 RNA in this PCa patient cohort [15], high levels
of BIRC5 mRNA were significantly associated with poor prognosis (HR = 7.88, p < 0.0001;
Figure 6B). Remarkably, examination of BIRC5-low versus BIRC5-high subpopulations of
PCa patients for gain or amplification of FABP12 gene copy numbers (in a total of 20 patients)
generated an HR of 15.72 (p = 0.006; Figure 6D). The HR was reduced to 5.61 in the more
abundant diploid populations (96 patients) (p = 0.001; Figure 6C). When this cohort was
stratified based on low and high FABP12 expression levels, the association between BIRC5
and patient survival became insignificant in the subpopulation with low levels of FABP12
(HR = 2.22, p = 0.56; Figure 6E), but remained highly significant in the subpopulation
with high levels of FABP12 (HR = 4.28, p = 0.0009; Figure 6F). These results provide
further support for a functional relationship between FABP12 and Survivin as factors
influencing PCa patient prognosis by promoting cell growth/survival and attenuating
treatment efficacy.
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Figure 5. Effect of FABP12 expression on docetaxel-induced apoptosis. Untreated and docetaxel
treated PC3 (A–C) and DU145 (D–F) stable transfectant cells (control pREP4 and FABP12+) were har-
vested and stained with Annexin V-FITC and PI according to the manufacturer’s protocol. Cells were
analyzed using a flow cytometer to identify Annexin V-negative and PI-negative (viable or healthy
cells; Quadrant 3 (Q3)), Annexin V-positive, PI-negative (early apoptosis; Q4), Annexin V-positive,
PI-positive (late apoptosis; Q2) and Annexin V-negative, PI-positive (necrotic; Q1). (A) (PC3) and
(D) (DU145) show representative dot plots for Annexin V-FITC and PI staining. Histograms show
the quantification (in percentage) of early (B,E) and late (C,F) apoptotic cells based on Annexin V-PI
staining. Experiments were repeated three times; ns denotes not significant; **, p < 0.001.
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3. Discussion

While there are many options for the treatment of primary PCa, systemic therapy is the
preferred treatment approach when PCa progresses to castration resistance and metastatic
disease. Docetaxel, a first-line chemotherapeutic drug used for the treatment of advanced
PCa, has been shown to prolong survival in patients with metastatic PCa; however, re-
sistance to docetaxel often develops over time [24,25]. Understanding the mechanism(s)
underlying docetaxel resistance may lead to improved approaches for the treatment of
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PCa. In a previous report, we showed that FABP12, an EMT inducer and regulator of
lipid-related bioenergetics, is preferentially amplified and enriched in metastatic PCa [15].
In the current study, we expand on these findings by demonstrating that FABP12 also plays
an important role in docetaxel resistance in PCa cells. EMT and mesenchymal-to-epithelial
transition (MET) are dynamic and reversible processes with critical physiological roles
in embryogenesis and organ development [26]. As mesenchymal cell state is associated
with the capacity of cells to migrate to distant organs and maintain stemness, cancer cells
employ EMT to endow cells with migratory and invasive properties, to induce cancer stem
cell properties, and to prevent apoptosis and senescence [26,27]. EMT is now thought to
play a fundamental role in tumor progression and metastasis formation [28,29]. There is
increasing evidence pointing to EMT as one of the key mechanisms underlying resistance
to cancer treatment [8,9,30]. For example, EMT and metastasis-promoting factors ZEB1 and
ZEB2 have been reported to act as mediators of docetaxel-resistance in PCa by promoting
EMT [31].

In this manuscript, we report a functional link between FABP12, the EMT factor Slug
and Survivin in driving docetaxel resistance in PCa cells. Survivin is a member of the
inhibitor of apoptosis (IAP) family often overexpressed in cancers, including aggressive
PCa [32]. Survivin has been shown to inhibit caspase-mediated apoptosis although it can
also act independently of caspases [4]. Ectopic expression of FABP12 in PCa cell lines that
normally express little if any FABP12 results in suppression of docetaxel-mediated inhi-
bition of cell growth through increased cell viability and reduced apoptosis. Importantly,
FABP12-dependent upregulation of Survivin in PCa cells is reversed by Slug depletion,
suggesting a direct link between EMT and docetaxel resistance in FABP12-expressing PCa
cells. The presence of a FABP12-Slug-Survivin pathway that promotes docetaxel resis-
tance in PCa cells suggests possible avenues for the mitigation of docetaxel resistance in
aggressive PCa. Both Survivin and Slug have already received considerable attention as
possible therapeutic targets for aggressive cancers, including PCa [33,34]. As our FABP12
and Slug depletion experiments indicate that Survivin resides downstream of Slug, and
Slug resides downstream of FABP12, we propose that addition of a FABP12 inhibitor to
docetaxel treatment regimens may prevent or at least delay the development of docetaxel
resistance in PCa cells.

While there is no direct evidence to support interaction between PPARγ with the
promoter region of SNAI2 (the gene encoding Slug) thereby directly regulating its tran-
scription, we have identified at least two PPARγ binding sites within 1000 bp of the SNAI2
transcription initiation site using MatInspector [35]. We propose that FABP12 facilitates
nuclear translocation of PUFA (e.g., arachidonic acid) and activates PPARγ. This, in turn,
induces SNAI2 transcription, leading to EMT and drug resistance (Figure 7).

FABPs are a family of ten proteins with distinct spatial and temporal distribution
patterns. These small proteins serve as chaperones for the transport of different types of
fatty acids and other lipids to different sites within the cell, including the nucleus [36].
While the fatty acid specificity of FABP12 remains to be investigated, in silico simulation
of protein-ligand interaction suggests that omega-6 polyunsaturated arachidonic acid is
a preferred ligand of FABP12. Arachidonic acid and some of its eicosanoid derivatives
(e.g., prostaglandins) are well-known for their pro-inflammatory/pro-tumorigenic roles
and have been implicated in PPARγ activation [37,38]. Thus, the effect of FABP12 on
PCa lipid metabolism, metastasis, and treatment resistance may be at least partially medi-
ated through binding of FABP12 ligands (or their metabolites) to PPARγ. FABP12 has a
highly restricted tissue distribution, being primarily confined to cap phase spermatids and
acrosome spermatids during spermatogenesis [15]. Targeting FABP12, as opposed to the
more broadly-expressed Survivin, Slug or PPARγ, especially in patients with advanced or
metastatic tumors, may therefore be of added benefit due to reduced side effects.
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in the regulation of docetaxel resistance in prostate cancer cells. FABP12, predicted to serve as
an intracellular transporter of long chain polyunsaturated fatty acids (FAs), facilitates FA nuclear
translocation, where it interacts and activates PPARγ. PPARγ then regulates the expression of Slug,
likely through direct binding to its upstream promoter sequence. Slug, in turn, regulates expression
of Survivin, leading to docetaxel resistance in PCa cells by suppressing docetaxel-induced apoptosis.

There may be alternative FABP12-mediated mechanisms or pathways involved in cell
response to docetaxel in PCa. For instance, aberrant lipid metabolism in cancers including
PCa has been shown to contribute to tumor cell plasticity and drug resistance [7]. As
well, we previously reported that FABP12 plays a critical role in regulating mitochondria
β-oxidation and bioenergetics [15]. Thus, FABP12-mediated lipid metabolic pathways
may also contribute to docetaxel resistance in PCa cells. Future work will involve further
examination of the pathways affected by FABP12 overexpression in PCa. As FABP12 is
a member of the FABP family consisting of 10 genes in mammals, it will be important to
identify small molecule inhibitors that specifically target FABP12. In light of the paucity
of established PCa cell lines expressing FABP12, this study was carried out using gain-
of-function approaches. We will next focus on generating patient-derived organoids and
xenografts from PCa patients to address the role of FABP12 and related pathways in PCa
treatment resistance and progression using loss-of-function approaches.

In summary, we report that FABP12, previously shown to be associated with PCa
progression and metastasis, confers resistance to the chemotherapeutic drug docetaxel in
PCa cells. We provide insight into the mechanism of action of FABP12, showing that FABP12
expression induces the inhibitor of apoptosis, Survivin, which in turn protects FABP12-
expressing PCa cells from undergoing apoptosis. We also show that Slug is implicated
in the FABP12-Survivin axis, residing upstream of Survivin expression. Our research
suggests that targeting FABP12 along with docetaxel treatment may help to overcome drug
resistance in patients with advanced PCa.

4. Materials and Methods
4.1. Cell Culture and Docetaxel Treatment

The PC3 and DU145 cell lines were obtained from ATCC and frozen in liquid nitrogen
within two passages of receipt. Cells were cultured in DMEM supplemented with 10%
fetal bovine serum (FBS), 50 U/mL of penicillin and 50 µg/mL of streptomycin, and
in a humidified environment containing 5% CO2 at 37 ◦C. Docetaxel was purchased
from Sigma-Aldrich (St. Louis, MO, USA) (CAS number: 114977-28-5) and dissolved in
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dimethylsulfoxide (DMSO) and stored in small aliquots at −20 ◦C. Cells were treated with
docetaxel at the indicated concentrations in antibiotics-free DMEM containing 10% FBS.

4.2. Stable Transfection of Fatty Acid-Binding Protein 12 (FABP12) in Prostate Cancer Cells

For FABP12 ectopic expression, stable cell lines were generated by transfecting PC3
or DU145 cells with pREP4 or pREP4-FABP12 using the polyethylenimine (PEI) reagent,
followed by selection in hygromycin (100 µg/mL). Individual colonies of transfected
cells were picked using cloning rings and expanded. The PC3 clonal populations are
described in Liu et al. [15]. We chose the PC3 and DU145 cell lines for our analyses
because they express PPARγ, the key player meditating FABP12 function in PCa [15].
Importantly, the parental cell lines (PC3 and DU145) and pREP4-transfected PC3 and
DU145 (control) cells share similar gene expression profiles (e.g., FABP12, Slug, Survivin,
etc.) and morphological characteristics.

4.3. siRNA Transfection

For knockdown experiments, stable PC3-pREP4 (control) and PC3-pREP4-FABP12
(FABP12+) cells were transfected with 10 nM scrambled (siControl) or specific siRNAs tar-
geting SNAI2 (encoding Slug), PPARγ or FABP12 (Life Technologies Inc., Burlington, ON,
Canada; sequences listed in Supplementary Table S1) using the RNAiMAX transfection reagent
(Thermo Fisher Scientific, Waltham, MA, USA) following the manufacturer’s protocol.

4.4. Cell Growth and Viability Assays

For cell growth, stably transfected PC3 cells were seeded in 96-well plates (1500 cells/well)
and cultured for 48 h. Culture medium was then replaced with antibiotic-free DMEM con-
taining 10% FBS and docetaxel in gradient concentrations. At the specified time points (24,
48, or 72 h), the medium was removed and cells washed twice with PBS and stained with
crystal violet. Cell density was analyzed with a FLUOstar Omega microplate reader (BMG
Labtech, Ortenberg, Germany). To measure cell viability, 20 µL of MTS solution (Promega,
Madison, WI, USA) were added to each well of the 96-well plates containing 100 µL of culture
medium with or without docetaxel and incubated for 4 h. Cell viability was determined
by measuring absorbance at 490 nm using the FLUOstar Omega (BMG Labtech, Ortenberg,
Germany) microplate reader.

4.5. Western Blotting

Cell lysates were prepared as previously described [39]. Western blot analysis was
carried out using 40 µg whole cell lysates per lane. Proteins were separated by SDS-
PAGE and electroblotted onto nitrocellulose membranes. Blots were immunostained with
primary antibodies diluted with 5% BSA in 1X TBS (Supplementary Table S2). Primary
antibodies were detected with horseradish peroxidase-conjugated secondary antibodies
and visualized using the ECL detection system (GE Healthcare Life Sciences, Chicago,
IL, USA) or SuperSignal™ West Pico PLUS Chemiluminescent Substrate (Thermo Fisher
Scientific, Waltham, MA, USA).

4.6. RT-PCR

Total RNA was isolated using the TRIzol reagent (Invitrogen, Life Technologies, Carls-
bad, CA, USA). First strand cDNAs were synthesized using SuperScript reverse transcrip-
tase II (Invitrogen) according to the protocol provided by the manufacturer. Oligonucleotide
primers used for PCR amplifications are listed in Supplementary Table S3. PCR reactions
and agarose gel electrophoresis were carried out as previously described [39].

4.7. Annexin V-PI Staining and Flow Cytometry

Docetaxel-induced apoptosis in PC3 and DU145 stable transfectants was analyzed
using the FITC Annexin V Apoptosis Detection Kit I (BD Biosciences, Franklin Lakes, NJ,
USA). Cells were treated with docetaxel (at the indicated concentrations) for 72 h or left
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untreated. Untreated and treated cells were harvested, washed with PBS, and stained with
Annexin V-FITC and propidium iodide (PI) in 1X binding buffer for 15 min. Unstained cells
were used for autofluorescence. Cells stained with either Annexin V only or PI only were
used to compensate for channel spillover. Cell suspensions were diluted with 1X binding
buffer and analyzed using a flow cytometer (FACS Canto II, BD Biosciences, Franklin Lakes,
NJ, USA) to identify the following cell populations: FITC-negative and PI-negative (viable
or healthy cells; quadrant 3), FITC-positive and PI-negative (early apoptosis; quadrant
4), FITC-positive and PI-positive (late apoptosis; quadrant 2), or FITC- negative and PI-
positive (necrosis; quadrant 1). Gating for quadrant 3 (lower left) was adjusted to retain
most of the Annexin V-negative (FITC-negative) and PI-negative cells from untreated
samples. Cells with FITC fluorescence intensity higher than the background fluorescence
of untreated cells were considered as FITC-positive and cells with PI fluorescence higher
than the fluorescence of untreated cells were considered as PI-positive. Experiments were
repeated three times and the observed values were averaged.

4.8. Statistical Analysis

Two-way ANOVA was used to test the statistical significance of effects (variation)
derived from experimental factors (e.g., FABP12 status, drug treatment) and their interactive
effects. The multiple comparison module was used to show significance of difference
between control and drug-treated cells within a single factor (e.g., FABP12 overexpression or
Slug knockdown). Linear correlation between the expression levels of two genes from a PCa
patient cohort [23] was analyzed using the Pearson correlation test. Disease-free survival
curves were generated by the Kaplan-Meier estimation and the survival probabilities
between patient groups with high or low BIRC5 (encoding Survivin) levels were compared
by the log rank test using MedCalc Statistical Software version 22.021 (MedCalc Software
Ltd., Ostend, Belgium). A p value < 0.05 was considered statistically significant.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijms25179669/s1.

Author Contributions: Conceptualization, R.-Z.L. and R.G.; Methodology, R.-Z.L. and M.G.; Ex-
perimentation: R.-Z.L., M.G. and X.-H.Y.; Data analysis, R.-Z.L. and M.G.; Writing—Original Draft
Preparation: R.-Z.L.; Writing—Review and editing, R.G.; Supervision, R.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by a Canadian Institutes of Health Research grant #190313, a
Movember Discovery Grant from Prostate Cancer Canada (D2016-1307) and a Game Changer grant
from the Alberta Cancer Foundation.

Data Availability Statement: The data presented in this study are available in the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Asmane, I.; Ceraline, J.; Duclos, B.; Rob, L.; Litique, V.; Barthelemy, P.; Bergerat, J.P.; Dufour, P.; Kurtz, J.E. New strategies for

medical management of castration-resistant prostate cancer. Oncology 2011, 80, 1–11. [CrossRef]
2. Crown, J.; O’Leary, M. The taxanes: An update. Lancet 2000, 355, 1176–1178. [CrossRef]
3. Yvon, A.M.; Wadsworth, P.; Jordan, M.A. Taxol suppresses dynamics of individual microtubules in living human tumor cells.

Mol. Biol. Cell 1999, 10, 947–959. [CrossRef]
4. Shelley, M.; Harrison, C.; Coles, B.; Staffurth, J.; Wilt, T.J.; Mason, M.D. Chemotherapy for hormone-refractory prostate cancer.

Cochrane Database Syst. Rev. 2006, 2006, CD005247. [CrossRef]
5. Sekino, Y.; Teishima, J. Molecular mechanisms of docetaxel resistance in prostate cancer. Cancer Drug Resist. 2020, 3, 676–685.

[CrossRef] [PubMed]
6. Kroon, J.; Kooijman, S.; Cho, N.J.; Storm, G.; van der Pluijm, G. Improving Taxane-Based Chemotherapy in Castration-Resistant

Prostate Cancer. Trends Pharmacol. Sci. 2016, 37, 451–462. [CrossRef]
7. Wang, Z.; Wang, Y.; Li, Z.; Xue, W.; Hu, S.; Kong, X. Lipid metabolism as a target for cancer drug resistance: Progress and

prospects. Front. Pharmacol. 2023, 14, 1274335. [CrossRef]

https://www.mdpi.com/article/10.3390/ijms25179669/s1
https://www.mdpi.com/article/10.3390/ijms25179669/s1
https://doi.org/10.1159/000323495
https://doi.org/10.1016/S0140-6736(00)02074-2
https://doi.org/10.1091/mbc.10.4.947
https://doi.org/10.1002/14651858.CD005247.pub2
https://doi.org/10.20517/cdr.2020.37
https://www.ncbi.nlm.nih.gov/pubmed/35582222
https://doi.org/10.1016/j.tips.2016.03.003
https://doi.org/10.3389/fphar.2023.1274335


Int. J. Mol. Sci. 2024, 25, 9669 13 of 14

8. Ashrafizadeh, M.; Mirzaei, S.; Hashemi, F.; Zarrabi, A.; Zabolian, A.; Saleki, H.; Sharifzadeh, S.O.; Soleymani, L.; Daneshi, S.;
Hushmandi, K.; et al. New insight towards development of paclitaxel and docetaxel resistance in cancer cells: EMT as a novel
molecular mechanism and therapeutic possibilities. Biomed. Pharmacother. 2021, 141, 111824. [CrossRef] [PubMed]

9. Marin-Aguilera, M.; Codony-Servat, J.; Reig, O.; Lozano, J.J.; Fernandez, P.L.; Pereira, M.V.; Jimenez, N.; Donovan, M.; Puig, P.;
Mengual, L.; et al. Epithelial-to-mesenchymal transition mediates docetaxel resistance and high risk of relapse in prostate cancer.
Mol. Cancer Ther. 2014, 13, 1270–1284. [CrossRef] [PubMed]

10. Liu, Y. Fatty acid oxidation is a dominant bioenergetic pathway in prostate cancer. Prostate Cancer Prostatic Dis. 2006, 9, 230–234.
[CrossRef] [PubMed]

11. Scheinberg, T.; Mak, B.; Butler, L.; Selth, L.; Horvath, L.G. Targeting lipid metabolism in metastatic prostate cancer. Ther. Adv.
Med. Oncol. 2023, 15, 17588359231152839. [CrossRef]

12. Chen, M.; Zhang, J.; Sampieri, K.; Clohessy, J.G.; Mendez, L.; Gonzalez-Billalabeitia, E.; Liu, X.S.; Lee, Y.R.; Fung, J.; Katon, J.M.;
et al. An aberrant SREBP-dependent lipogenic program promotes metastatic prostate cancer. Nat. Genet. 2018, 50, 206–218.
[CrossRef]

13. Vishwa, R.; BharathwajChetty, B.; Girisa, S.; Aswani, B.S.; Alqahtani, M.S.; Abbas, M.; Hegde, M.; Kunnumakkara, A.B. Lipid
metabolism and its implications in tumor cell plasticity and drug resistance: What we learned thus far? Cancer Metastasis Rev.
2024, 43, 293–319. [CrossRef]

14. Liu, R.Z.; Li, X.; Godbout, R. A novel fatty acid-binding protein (FABP) gene resulting from tandem gene duplication in mammals:
Transcription in rat retina and testis. Genomics 2008, 92, 436–445. [CrossRef]

15. Liu, R.Z.; Choi, W.S.; Jain, S.; Dinakaran, D.; Xu, X.; Han, W.H.; Yang, X.H.; Glubrecht, D.D.; Moore, R.B.; Lemieux, H.; et al.
The FABP12/PPARgamma pathway promotes metastatic transformation by inducing epithelial-to-mesenchymal transition and
lipid-derived energy production in prostate cancer cells. Mol. Oncol. 2020, 14, 3100–3120. [CrossRef]

16. Ahmad, I.; Mui, E.; Galbraith, L.; Patel, R.; Tan, E.H.; Salji, M.; Rust, A.G.; Repiscak, P.; Hedley, A.; Markert, E.; et al. Sleeping
Beauty screen reveals Pparg activation in metastatic prostate cancer. Proc. Natl. Acad. Sci. USA 2016, 113, 8290–8295. [CrossRef]

17. Hartley, A.; Ahmad, I. The role of PPARgamma in prostate cancer development and progression. Br. J. Cancer 2023, 128, 940–945.
[CrossRef]

18. Warrier, N.M.; Agarwal, P.; Kumar, P. Emerging Importance of Survivin in Stem Cells and Cancer: The Development of New
Cancer Therapeutics. Stem Cell Rev. Rep. 2020, 16, 828–852. [CrossRef]

19. Wheatley, S.P.; Altieri, D.C. Survivin at a glance. J. Cell Sci. 2019, 132, jcs223826. [CrossRef]
20. Han, T.L.; Sha, H.; Ji, J.; Li, Y.T.; Wu, D.S.; Lin, H.; Hu, B.; Jiang, Z.X. Depletion of Survivin suppresses docetaxel-induced

apoptosis in HeLa cells by facilitating mitotic slippage. Sci. Rep. 2021, 11, 2283. [CrossRef] [PubMed]
21. Lin, Q.; Liu, Y.; Chen, H.; Liu, Y.; Tang, Q.; Liu, J.; Chen, H. Survivin, Ki-67 and tumor grade as predictors of response to

docetaxel-based neoadjuvant chemotherapy in locally advanced breast cancer. Mol. Clin. Oncol. 2013, 1, 839–844. [CrossRef]
22. Ye, X.; Tam, W.L.; Shibue, T.; Kaygusuz, Y.; Reinhardt, F.; Ng Eaton, E.; Weinberg, R.A. Distinct EMT programs control normal

mammary stem cells and tumour-initiating cells. Nature 2015, 525, 256–260. [CrossRef]
23. Taylor, B.S.; Schultz, N.; Hieronymus, H.; Gopalan, A.; Xiao, Y.; Carver, B.S.; Arora, V.K.; Kaushik, P.; Cerami, E.; Reva, B.; et al.

Integrative genomic profiling of human prostate cancer. Cancer Cell 2010, 18, 11–22. [CrossRef]
24. Clarke, N.W.; Ali, A.; Ingleby, F.C.; Hoyle, A.; Amos, C.L.; Attard, G.; Brawley, C.D.; Calvert, J.; Chowdhury, S.; Cook, A.; et al.

Addition of docetaxel to hormonal therapy in low- and high-burden metastatic hormone sensitive prostate cancer: Long-term
survival results from the STAMPEDE trial. Ann. Oncol. 2019, 30, 1992–2003. [CrossRef] [PubMed]

25. Mahal, B.A.; Kwak, L.; Xie, W.; Eastham, J.A.; James, N.D.; Sandler, H.M.; Feng, F.Y.; Brihoum, M.; Fizazi, K.; Sweeney, C.; et al.
Mortality Risk for Docetaxel-Treated, High-Grade Prostate Cancer With Low PSA Levels: A Meta-Analysis. JAMA Netw. Open
2023, 6, e2340787. [CrossRef] [PubMed]

26. Thiery, J.P.; Acloque, H.; Huang, R.Y.; Nieto, M.A. Epithelial-mesenchymal transitions in development and disease. Cell 2009, 139,
871–890. [CrossRef]

27. Lu, W.; Kang, Y. Epithelial-Mesenchymal Plasticity in Cancer Progression and Metastasis. Dev. Cell 2019, 49, 361–374. [CrossRef]
28. Celia-Terrassa, T.; Kang, Y. How important is EMT for cancer metastasis? PLoS Biol. 2024, 22, e3002487. [CrossRef]
29. Grant, C.M.; Kyprianou, N. Epithelial mesenchymal transition (EMT) in prostate growth and tumor progression. Transl. Androl.

Urol. 2013, 2, 202–211.
30. Hashemi, M.; Zandieh, M.A.; Talebi, Y.; Rahmanian, P.; Shafiee, S.S.; Nejad, M.M.; Babaei, R.; Sadi, F.H.; Rajabi, R.; Abkenar, Z.O.;

et al. Paclitaxel and docetaxel resistance in prostate cancer: Molecular mechanisms and possible therapeutic strategies. Biomed.
Pharmacother. 2023, 160, 114392. [CrossRef]

31. Hanrahan, K.; O’Neill, A.; Prencipe, M.; Bugler, J.; Murphy, L.; Fabre, A.; Puhr, M.; Culig, Z.; Murphy, K.; Watson, R.W. The role
of epithelial-mesenchymal transition drivers ZEB1 and ZEB2 in mediating docetaxel-resistant prostate cancer. Mol. Oncol. 2017,
11, 251–265. [CrossRef]

32. Shariat, S.F.; Lotan, Y.; Saboorian, H.; Khoddami, S.M.; Roehrborn, C.G.; Slawin, K.M.; Ashfaq, R. Survivin expression is associated
with features of biologically aggressive prostate carcinoma. Cancer 2004, 100, 751–757. [CrossRef]

33. Castellon, E.A.; Indo, S.; Contreras, H.R. Cancer Stemness/Epithelial-Mesenchymal Transition Axis Influences Metastasis and
Castration Resistance in Prostate Cancer: Potential Therapeutic Target. Int. J. Mol. Sci. 2022, 23, 14917. [CrossRef]

https://doi.org/10.1016/j.biopha.2021.111824
https://www.ncbi.nlm.nih.gov/pubmed/34175815
https://doi.org/10.1158/1535-7163.MCT-13-0775
https://www.ncbi.nlm.nih.gov/pubmed/24659820
https://doi.org/10.1038/sj.pcan.4500879
https://www.ncbi.nlm.nih.gov/pubmed/16683009
https://doi.org/10.1177/17588359231152839
https://doi.org/10.1038/s41588-017-0027-2
https://doi.org/10.1007/s10555-024-10170-1
https://doi.org/10.1016/j.ygeno.2008.08.003
https://doi.org/10.1002/1878-0261.12818
https://doi.org/10.1073/pnas.1601571113
https://doi.org/10.1038/s41416-022-02096-8
https://doi.org/10.1007/s12015-020-09995-4
https://doi.org/10.1242/jcs.223826
https://doi.org/10.1038/s41598-021-81563-3
https://www.ncbi.nlm.nih.gov/pubmed/33504817
https://doi.org/10.3892/mco.2013.138
https://doi.org/10.1038/nature14897
https://doi.org/10.1016/j.ccr.2010.05.026
https://doi.org/10.1093/annonc/mdz396
https://www.ncbi.nlm.nih.gov/pubmed/31560068
https://doi.org/10.1001/jamanetworkopen.2023.40787
https://www.ncbi.nlm.nih.gov/pubmed/37910103
https://doi.org/10.1016/j.cell.2009.11.007
https://doi.org/10.1016/j.devcel.2019.04.010
https://doi.org/10.1371/journal.pbio.3002487
https://doi.org/10.1016/j.biopha.2023.114392
https://doi.org/10.1002/1878-0261.12030
https://doi.org/10.1002/cncr.20039
https://doi.org/10.3390/ijms232314917


Int. J. Mol. Sci. 2024, 25, 9669 14 of 14

34. Siragusa, G.; Tomasello, L.; Giordano, C.; Pizzolanti, G. Survivin (BIRC5): Implications in cancer therapy. Life Sci. 2024,
350, 122788. [CrossRef] [PubMed]

35. Cartharius, K.; Frech, K.; Grote, K.; Klocke, B.; Haltmeier, M.; Klingenhoff, A.; Frisch, M.; Bayerlein, M.; Werner, T. MatInspector
and beyond: Promoter analysis based on transcription factor binding sites. Bioinformatics 2005, 21, 2933–2942. [CrossRef]
[PubMed]

36. Storch, J.; Corsico, B. The Multifunctional Family of Mammalian Fatty Acid-Binding Proteins. Annu. Rev. Nutr. 2023, 43, 25–54.
[CrossRef] [PubMed]

37. Elsherbiny, M.E.; Emara, M.; Godbout, R. Interaction of brain fatty acid-binding protein with the polyunsaturated fatty acid
environment as a potential determinant of poor prognosis in malignant glioma. Prog. Lipid Res. 2013, 52, 562–570. [CrossRef]

38. Fishbein, A.; Hammock, B.D.; Serhan, C.N.; Panigrahy, D. Carcinogenesis: Failure of resolution of inflammation? Pharmacol. Ther.
2021, 218, 107670. [CrossRef]

39. Liu, R.Z.; Graham, K.; Glubrecht, D.D.; Germain, D.R.; Mackey, J.R.; Godbout, R. Association of FABP5 expression with poor
survival in triple-negative breast cancer: Implication for retinoic acid therapy. Am. J. Pathol. 2011, 178, 997–1008. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.lfs.2024.122788
https://www.ncbi.nlm.nih.gov/pubmed/38848940
https://doi.org/10.1093/bioinformatics/bti473
https://www.ncbi.nlm.nih.gov/pubmed/15860560
https://doi.org/10.1146/annurev-nutr-062220-112240
https://www.ncbi.nlm.nih.gov/pubmed/37207357
https://doi.org/10.1016/j.plipres.2013.08.004
https://doi.org/10.1016/j.pharmthera.2020.107670
https://doi.org/10.1016/j.ajpath.2010.11.075

	Introduction 
	Results 
	Fatty Acid-Binding Protein 12 (FABP12) Suppresses Docetaxel-Induced Cell Growth Inhibition 
	The Slug-Survivin Pathway Underlies the Role of Fatty Acid-Binding Protein 12 (FABP12) in Cell Growth 
	Depletion of Slug Restores Docetaxel Sensitivity in Fatty Acid-Binding Protein 12+ (FABP12+) Cells 
	Docetaxel Induces Fatty Acid-Binding Protein 12 (FABP12)-Dependent Prostate Cancer (PCa) Cell Apoptosis 
	Survivin Is Associated with Fatty Acid-Binding Protein 12 (FABP12) and Patient Prognosis in Prostate Cancer 

	Discussion 
	Materials and Methods 
	Cell Culture and Docetaxel Treatment 
	Stable Transfection of Fatty Acid-Binding Protein 12 (FABP12) in Prostate Cancer Cells 
	siRNA Transfection 
	Cell Growth and Viability Assays 
	Western Blotting 
	RT-PCR 
	Annexin V-PI Staining and Flow Cytometry 
	Statistical Analysis 

	References

