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Farnesoid X Receptor (FXR) and its co-partners Retinoid X Receptors (RXRs) are considered to participate in crucial
biochemical and cellular processes, being involved in the pathogenesis of several diseases, including cancer. The present
study aimed to evaluate the clinical significance of FXR alone and in conjunction with RXRs expression, in pancreatic adenocarcinoma. FXR, RXR-α, -β and -γ protein expression was assessed immunohistochemically on tumoral samples of 55
pancreatic adenocarcinoma cases and was statistically analyzed with clinicopathological characteristics, tumor proliferative
capacity and patients’ survival. Enhanced FXR expression was borderline associated with earlier histopathological stage
(p=0.054). Concomitant elevated FXR/RXR-α expression was significantly associated with decreased tumor histological
grade (p=0.017), while concomitant enhanced FXR/RXR-β and FXR/RXR-γ expression with earlier histopathological stage
(p=0.017 and p=0.004, respectively) and smaller tumor size (p=0.037 and p=0.005, respectively). Concomitant enhanced
FXR/RXR-γ expression was additionally significantly associated with the absence of lymph node metastases (p=0.018).
Pancreatic adenocarcinoma patients with enhanced FXR, FXR/RXR-β or -γ expression showed significantly longer survival times compared to those with low expression (p=0.013, p=0.021 and p<0.001, respectively). In multivariate analysis,
FXR and FXR/RXR-γ expression were identified as independent prognostic factors (p=0.044 and p=0.001, respectively).
Conclusion: The present study suggested that FXR and RXRs were implicated in pancreatic malignant disease progression, reinforcing their utility as clinical markers for patients’ management and prognosis, as well as targets for potential
therapeutic interventions.
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The Farnesoid X Receptor (FXR) is a member of the
nuclear receptor (NR) superfamily of ligand-activated
transcription factors, which play important roles in different aspects of human physiology and development [1]. FXR
regulates the expression of various genes involved in bile
acid, cholesterol, lipid and glucose metabolism, by binding to
DNA either as a monomer or an heterodimer with Retinoid
X Receptors (RXRs) to FXR response elements (FXREs) [2].
Two known FXR genes (official symbol, NR1H4) exist, the
Fxrα and Fxrβ. Fxrα gene in humans encodes four FXRα
isoforms (FXRα1, FXRα2, FXRα3 and FXRα4) as a result
of the use of different promoters and alternative RNA splicing [2, 3]. The second FXR gene, Fxrβ, is a pseudogene in

humans and its role remains uncertain [2, 3]. Most FXR
target genes are regulated independently by all FXRa isoforms, while other target genes are more isoform-specific
and response mainly to the FXRα2 and FXRα4 isoforms [2,
3]. On the other hand, three RXR genes exist, coding for
RXR-α, -β, and -γ, and each of them can produce different
RXR isoforms through the use of alternative promoters
or splice sites [4]. RXRs are common heterodimerization
partners for several NRs beyond FXR, including thyroid
receptors (TRs), vitamin D receptor (VDR), peroxisome
proliferator-activated receptors (PPARs), liver X receptors
(LXRs) and pregnane X receptors (PXR) [5]. However, it
remains still unclear whether their role is restricted to act as
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co-partners for the other NRs or there is actually a separate
RXR-mediated signalling pathway [6].
Pancreatic cancer is one of the most lethal malignant tumors presenting extremely poor prognosis, as survival longer
than 5 years is actually rare [7, 8]. Indeed, tumor resection is
performed in 9-36% of patients and the 5-year survival rate of
patients who have undergone resection is only 19-24% [7, 8].
Hence, there is a strong demand for novel specific markers to
be explored in respect to pancreatic adenocarcinoma patients’
management and prognosis. Moreover, chemotherapy, such as
treatment with 5-fluorouracil or gemcitabine, is not potentially
capable of contributing to significant survival benefit [9]. Thus,
the establishment of alternative therapeutic approaches for the
treatment of pancreatic cancer remains a great challenge.
In the last decade, FXR has been implicated in the
pathogenesis of cholestatic, non-alcoholic fatty liver and
inflammatory bowel disease [10-12]. FXR has also been
involved in the development of atherosclerosis, intestinal
bacterial growth and liver regeneration [13, 14]. Notably,
recent accumulative evidence has further suggested that FXR
may exert a potential protective role against tumorigenesis
by promoting apoptosis and inhibiting cell proliferation
[15]. However, apart from the gradually increasing research
conducted on cultured cell lines and animal models, there
is no comprehensive clinical data so far concerning the
involvement of FXR in human malignant transformation
[15]. In fact, certain small pilot cohort studies conducted
on esophageal, breast, hepatocellular, pancreatic and colon
carcinoma, which mostly did not concern potential associations of FXR expression with clinicopathological parameters
and patients’ prognosis, have currently been performed [1624]. In view of the above considerations, the present study
aimed to assess immunohistochemically the expression of
FXR and RXR-α, -β and -γ in tumoral specimens obtained
from pancreatic adenocarcinoma patients. We also aimed
to evaluate the association of FXR expression, as well as the
concomitant expression of FXR and RXR-α, -β and -γ with
clinicopathological characteristics, tumor proliferative capacity and patients’ survival.
Patients and methods
Clinical material. Fifty-five pancreatic ductal adenocarcinoma specimens obtained from equal number of patients
who underwent surgical resection due to pancreatic cancer
were included in this study. The study was approved by the
institutional ethical committee. None of the patients received
any kind of anti-cancer treatment prior to surgery. Thirty five
of the patients were men (63.6%) and 20 women (36.4%),
with a mean age of 67.1±8.3 years (range 33-84 years). The
cases were classified based on the World Health Organization criteria for histological grading as: well in 7 (12.7%);
moderately in 41 (74.5%); poorly differentiated in 7 (12.7%)
[25]. Tumor staging was assessed using the 5th edition of
the Tumor, Node, Metastasis (TNM) and the American Joint
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Committee on Cancer (AJCC) Grouping system [26, 27]. In
fact, tumors were classified as: T1 in 3 (5.5%), T2 in 5 (9.1%),
T3 in 39 (70.9%) and T4 in 8 (14.5%) cases. Twenty-nine
(52.7%) were lymph node negative (N0), and 26 (47.3%) were
regional lymph node positive (N1). Organ metastasis was
noted in 3 out of 55 (5.5%) patients examined. According to
the AJCC classification, 7 (12.7%) cases were characterized
as stage I, 37 (67.3%) as stage II, 8 (14.5%) as stage III and 3
(5.5%) as stage IV. The patients were followed up until death
for a time interval of 4 up to 21 months with a mean survival
time of 8.71 ± 3.54 months. Overall survival was defined as
the time interval between the date of surgery and the date of
death due to pancreatic adenocarcinoma. At the time of the
last follow-up, all patients died from the disease.
Immunohistochemistry. Immunostainings for FXR,
RXR-α, -β and -γ were performed on formalin-fixed, paraffinembedded tissue sections using commercially available rabbit
polyclonal anti-FXR (H-130, sc-13063), anti-RXR-α (D-20,
sc-553), anti-RXR-β (C-20, sc-831) and anti-RXR-γ (Y-20,
sc-555) primary IgG antibodies (Santa Cruz Biochemicals,
Santa Cruz, CA, USA). Briefly, 4μm thick tissue sections
were dewaxed in xylene and were brought to water through
graded alcohols. Antigen retrieval (citrate buffer at pH 6.1
and microwave heating) was then performed. To remove the
endogenous peroxidase activity, sections were then treated
with freshly prepared 0.3% hydrogen peroxide in methanol
in the dark, for 30 minutes (min), at room temperature. Nonspecific antibody binding was then blocked using Snipper,
a specific blocking reagent for rabbit primary antibodies
(Sniper, Biocare Medical, Walnut, Creek, CA, USA) for 5
min. The sections were then incubated for 1 hour (h), at
room temperature, with primary antibodies, diluted 1:200 in
phosphate buffered saline (PBS). After washing three times
with PBS, sections were incubated at room temperature
with biotinylated linking reagent (Biocare Medical) for 10
min, followed by incubation with peroxidase-conjugated
streptavidin label (Biocare Medical) for 10 min. The resultant immune peroxidase activity was developed in 0.5%
3,3’-diaminobenzidine hydrochloride (DAB; Sigma, Saint
Louis, MO, USA) in PBS containing 0.03% hydrogen peroxide for 3 min. Sections were counterstained with Harris’
hematoxylin and mounted in Entellan (Merck, Darmstadt,
Germany). Appropriate negative controls were performed by
omitting the primary antibody and/or substituting it with an
irrelevant anti-serum. As positive control, colon cancer tissue
sections with known increased FXR expression [Theocharis
et al., unpublished data] and carotid atherosclerotic plaques
with known increased RXR-α, -β and -γ expression [28] were
used. The tumor cells’ proliferative capacity was assessed
immunohistochemically, using a mouse anti-human Ki-67
antigen; IgG1k antibody (clone MIB-1, Dakopatts, Glostrup,
Denmark) as previously described [29, 30].
Evaluation of immunohistochemistry. Immunohistochemical evaluation was performed by counting at least 1000
tumor cells in each case by two independent observers (S.T.
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Figure 1. Representative immunostaining for FXR expression in pancreatic adenocarcinoma tumor cells presenting A. Nuclear and B. Both cytoplasmic
and nuclear pattern of staining. Streptavidin-biotin-peroxidase, DAB chromogen, Harris hematoxylin counterstain (original magnification X200).

and P.A.) blinded to the clinical data, with complete observer
agreement. Specimens were considered “positive” for FXR,
RXR-α, -β and -γ when more than 5% of tumor cells within
Table 1. Associations of FXR expression with clinicopathological variables
in 55 pancreatic adenocarcinoma patients
FXR expression

Clinicopathological
variables

Low (%)

High (%)

Patients (N=55)

28 (50.9)

27 (49.1)

Age (mean±SD)
< 67
≥ 67

16 (29.1)
12 (27.3)

12 (21.8)
15 (21.8)

Gender
Male
Female

19 (34.5)
9 (16.4)

16 (29.1)
11 (20.0)

Histological grade
Well
Moderately
Poorly

3 (5.5)
23 (41.8)
2 (3.6)

4 (7.3)
18 (32.7)
5 (9.1)

pT
T1 + T2
T3 + T4

2 (3.6)
26 (47.3)

6 (10.9)
21 (38.2)

pN
N0
N1

12 (21.8)
16 (29.1)

17 (30.9)
10 (18.2)

pM
M0
M1

26 (47.3)
2 (3.6)

26 (47.3)
1 (1.8)

pStage
I
II
III+IV

1 (1.8)
19 (34.5)
8 (14.5)

6 (10.9)
18 (32.7)
3 (5.5)

Ki-67 protein statement
Low
High

12 (22.2)
15 (27.8)

16 (29.6)
11 (20.4)

p-value
0.346

0.508

0.364

0.113

0.135

0.574

0.054

0.276

the section were positively stained. FXR, RXR-α, -β and -γ
immunoreactivity was scored according to the percentage
of positive tumor cells as 0: negative staining- 0-4% of cells
positive; 1: 5-24% of cells positive; 2: 25-49% of cells positive;
3: 50-100% of cells positive, and its intensity as 0: negative
staining, 1: mild staining; 2: intermediate staining; 3: intense
staining. Finally, the expression of FXR, RXR-α, -β and -γ was
classified as low; if the total score was 0 or 2 and high; if the
total score was ≥3 [29-31]. In this way, we ensure that each
group has a sufficient and more homogeneous number of cases
in order to be comparable with the other groups [29-31].
Statistical analysis. Chi-square test was used to assess the
associations of FXR, RXR-α, -β and -γ protein expression
with clinicopathological variables. Survival curves were constructed using the Kaplan-Meier method and the differences
between the curves were compared by the log rank test. A Cox
proportional-hazard regression model was developed to evaluate the association between the potential prognostic marker
and overall survival, at multivariate level. A p-value less than
0.05 was considered the limit of statistical significance. SPSS
for Windows Software was used for all analyses (SPSS Inc.,
2003, Chicago, USA).
Results
Clinical significance of FXR expression in pancreatic
adenocarcinoma. Thirty-three (60.0%) out of 55 pancreatic
adenocarcinoma cases were found FXR positive, presenting
nuclear and/or cytoplasmic pattern of staining. Representative immunostainings for FXR are depicted in Figure 1. High
FXR expression was noted in 27 (49.1%) out of 55 pancreatic
adenocarcinoma cases. Non-neoplastic sites of pancreatic tissues were found negative for FXR (data not shown).
In crosstabulation, high FXR expression was borderline associated with earlier histopathological stage (Table 1, p=0.054).
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Figure 2. Kaplan-Meier survival analysis stratified according to A. FXR, B. FXR/RXR-α, C. FXR/RXR-β and D. FXR/RXR-γ expression in pancreatic
adenocarcinoma patients.

High FXR expression was more frequently observed in pancreatic adenocarcinoma patients presenting smaller tumor size
and absence of lymph node metastases, at a non significant
level though (Table 1, p=0.113 and p=0.135, respectively).
Younger and female pancreatic adenocarcinoma patients also
showed a slightly but not significantly increased frequency of
high FXR expression compared to older and male ones (Table
1, p=0.346 and p=0.508, respectively). Kaplan-Meier survival
curves indicated that pancreatic adenocarcinoma patients presenting high FXR expression had significantly longer survival
times compared to those with low expression (Figure 2A, logrank test, p=0.013). In multivariate analysis, FXR expression
and histopathological stage were identified as independent
prognostic factor of patients’ survival (Cox-regression analysis,
p= 0.044 and p<0.001, respectively).
Clinical significance of concomitant FXR/RXR-α, -β
and -γ expression in pancreatic adenocarcinoma. Of the
55 pancreatic adenocarcinoma cases, high RXR-α, -β or -γ
expression was noted in 19 (34.5%), 22 (40.0%) and 21 (38.2%)

cases, respectively. Non-neoplastic sites of pancreatic tissues
were found negative for RXR-α, -β and -γ (data not shown).
Concomitant high FXR/RXR-α, -β or -γ expression was noted
in 10 (18.2%), 12 (21.8%) and 9 (16.4%) cases, respectively.
FXR expression was not associated with RXR-α, -β and -γ
expression (p=0.853, p=0.509 and p=0.864, respectively).
In crosstabulation, concomitant high FXR/RXR-α expression was significantly more frequently observed in pancreatic
adenocarcinoma patients presenting decreased tumor histological grade of differentiation (Table 2, p=0.017), and
marginally in female compared to male patients (Table 2,
p=0.086). Concomitant high FXR/RXR-β expression was
significantly associated with earlier histopathological stage and
smaller tumor size, and marginally with the absence of lymph
node metastases (Table 3, p=0.017, p=0.037 and p=0.081,
respectively). Concomitant high FXR/RXR-γ expression was
significantly associated with earlier histopathological stage,
smaller tumor size and the absence of lymph node metastases
(Table 4, p=0.004, p=0.005 and p=0.018, respectively).
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Table 2. Associations of concomitant FXR/RXR-α expression with clinicopathological variables in 55 pancreatic adenocarcinoma patients
Clinicopathological
variables

FXR/RXR-α expression
Low (%)

High (%)

Patients (N=55)

45 (81.8)

10 (18.2)

Age (mean±SD)
< 67
≥ 67

22 (40.0)
23 (41.8)

6 (10.9)
4 (7.3)

Gender
Male
Female

31 (56.4)
14 (25.5)

4 (7.3)
6 (10.9)

Histological grade
Well
Moderately
Poorly

3 (5.5)
36 (65.5)
6 (10.9)

4 (7.3)
5 (9.1)
1 (1.8)

pT
T1 + T2
T3 + T4

5 (9.1)
40 (72.7)

3 (5.5)
7 (12.7)

pN
N0
N1

22 (40.0)
23 (41.8)

7 (12.7)
3 (5.5)

pM
M0
M1

42 (76.4)
3 (5.5)

10 (18.2)
0 (0)

pStage
I
II
III+IV

4 (7.3)
31 (56.4)
10 (18.2)

3 (5.5)
6 (10.9)
1 (1.8)

Ki-67 protein statement
Low
High

22 (40.0)
23 (41.8)

6 (10.9)
4 (7.3)

p-value

Table 3. Associations of concomitant FXR/RXR-β expression with clinicopathological variables in 55 pancreatic adenocarcinoma patients.
Clinicopathological
variables

FXR/RXR-β expression
Low (%)

High (%)

Patients (N=55)

43 (78.2)

12 (21.8)

0.525

Age (mean±SD)
< 67
≥ 67

21 (38.2)
22 (40.0)

7 (12.7)
5 (9.1)

0.086

Gender
Male
Female

29 (52.7)
14 (25.5)

6 (10.9)
6 (10.9)

0.017

Histological grade
Well
Moderately
Poorly

5 (9.1)
33 (60.0)
5 (9.1)

2 (3.6)
8 (14.5)
2 (3.6)

0.125

pT
T1 + T2
T3 + T4

4 (7.3)
39 (70.9)

4 (7.3)
8 (14.5)

0.226

pN
N0
N1

20 (36.4)
23 (41.8)

9 (16.4)
3 (5.5)

0.401

pM
M0
M1

40 (72.7)
3 (5.5)

12 (21.8)
0 (0)

0.168

pStage
I
II
III+IV

3 (5.5)
29 (52.7)
11 (20.0)

4 (7.3)
8 (14.5)
0 (0)

0.525

Ki-67 protein statement
Low
High

20 (36.4)
23 (41.8)

8 (14.5)
4 (7.3)

Kaplan-Meier survival curves indicated that pancreatic
adenocarcinoma patients presenting concomitant high FXR/
RXR-α expression showed longer survival times compared to
those with low expression, at a non significant level though
(Figure 2B, log-rank test, p=0.202). Pancreatic adenocarcinoma patients presenting concomitant high FXR/RXR-β
expression showed significantly longer survival times compared to those with low expression (Figure 2C, log-rank test,
p=0.021). Pancreatic adenocarcinoma patients presenting
concomitant high FXR/RXR-γ expression showed significantly
longer survival times compared to those with low expression
(Figure 2D, log-rank test, p=0.001). In multivariate analysis,
histopathological stage and concomitant FXR/RXR-γ but not
FXR/RXR-β expression were identified as independent prognostic factors for patients’ survival (Cox-regression analysis,
p=0.001, p=0.001 and p=0.133, respectively).
Discussion
Undergoing research is currently focused on the role of
FXR in crucial biochemical and cellular processes implicated
in several pathological disease states, such as cholestatic,

p-value

0.561

0.267

0.778

0.037

0.081

0.347

0.017

0.267

non-alcoholic fatty liver and inflammatory bowel disease,
atherosclerosis, intestinal bacterial growth and liver regeneration as recently reviewed by our group [15]. A gradually
growing body of in vitro and animal studies has further extended the role of FXR in oncogenic transformation [15].
However, to the best of our knowledge, no comprehensive data
concerning the involvement of FXR and its co-partners RXRs
in human malignancy still exist in the literature. Moreover,
the assessment of the clinical significance of FXR expression
in human malignancies remains scarce, being restricted to
a small number of cohort studies conducted on esophageal,
breast, hepatocellular, pancreatic and colon carcinoma that
mostly did not concern associations with clinicopathological
parameters and patients’ prognosis [16-24].
In this aspect, the present study assessed for the first time
the concomitant expression levels of FXR and RXRs in tumoral
samples of pancreatic adenocarcinoma patients, investigating
their association with crucial clinicopathological characteristics and patients’ survival. According to our study, enhanced
FXR expression was associated with higher differentiated
histopathological stage and favourable patients’ prognosis, at
both univariate and multivariate levels. Moreover, concomitant
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enhanced FXR/RXR-α expression was associated with tumor
histological grade, while concomitant enhanced FXR/RXR-β
and -γ expression with higher differentiated histopathological
stage, smaller tumor size and favourable patients’ prognosis.
Moreover, concomitant enhanced FXR/RXR-γ expression was
further associated with the absence of lymph node metastases.
These findings supported evidence for a potential crucial role
of FXR in pancreatic malignant disease progression that affect
patients’ survival. Moreover, taking into consideration that
FXR heterodimerization with RXRs is an essential step for its
transcriptional activity, the strong associations of concomitant
FXR/RXRs expression with crucial clinicopathological parameters and patients’ survival supported evidence for potential
functional partnership between FXR and RXRs in pancreatic
malignant transformation.
Concerning the existing clinical evidence so far, FXR
expression was inversely correlated with neoplastic transformation/progression and inflammation severity in ulcerative
colitis [23]. Moreover, primary sclerosing cholangitis – ulcerative colitis patients presented diminished FXR expression in
the proximal colon compared to ulcerative colitis patients
[23]. In human hepatocellular carcinoma, FXR expression was
down-regulated, being also positively correlated with multiple
malignant clinicopathological characteristics [21]. FXR overexpression was associated with poor histopathological grade,
larger tumor size and presence of lymph node metastasis in
59 esophageal adenocarcinoma patients [24]. FXR was also
detected in non dysplastic tissue but its expression was lost
during progression to dysplasia and adenocarcinoma in Barrett’s esophagus patients [20]. In addition, FXR was detected
in normal and tumoral breast tissue, presenting enhanced
expression levels in ductal epithelial cells of normal breast
and infiltrating ductal carcinoma cells [17]. An immunohistochemical analysis on 204 breast carcinoma patients further
established significant correlations between FXR expression
and estrogen receptor (ER), Ki-67, cyclin D and p27 expression
[18]. FXR mRNA levels were reduced in adenomas compared
to normal colorectal mucosa, while an even more pronounced
decrease in colon carcinomas was recorded [16]. In another
study, FXR expression was reduced in colon carcinoma compared to peritumoral nonneoplastic mucosa [22]. Loss of FXR
expression was correlated with tumor grade in the right colon.
Moreover, FXR expression in tumor and normal colon tissue
showed an inverse correlation with histopathological stage,
while FXR expression in tumor was inversely correlated with
clinical outcome [22]. In a recent cohort study conducted on
34 pancreatic cancer patients, FXR overexpression was associated with the presence of lymph node metastasis and poor
patients’ outcome [19]. These findings are not in line with
our results, which may be ascribed to the smaller number
of pancreatic adenocarcinoma cases examined in the above
study and the different primary antibody used to detect FXR
immunoreactivity. Moreover, the above study evaluated FXR
immunoreactivity according to the proportion of FXR positive
tumor cells. In contrast, in our study an immunohistochemical
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Table 4. Associations of concomitant FXR/RXR-γ expression with clinicopathological variables in 55 pancreatic adenocarcinoma patients.
Clinicopathological
variables

FXR/RXR-γ expression
Low (%)

High (%)

Patients (N=55)

46 (83.6)

9 (16.4)

Age (mean±SD)
< 67
≥ 67

24 (43.6)
22 (40.0)

4 (7.3)
5 (9.1)

Gender
Male
Female

30 (54.5)
16 (29.1)

5 (9.1)
4 (7.3)

Histological grade
Well
Moderately
Poorly

5 (9.1)
35 (63.6)
6 (10.9)

2 (3.6)
6 (10.9)
1 (1.8)

pT
T1 + T2
T3 + T4

4 (7.3)
42 (76.4)

4 (7.3)
5 (9.1)

pN
N0
N1

21 (38.2)
25 (45.5)

8 (14.5)
1 (1.8)

pM
M0
M1

43 (78.2)
3 (5.5)

9 (16.4)
0 (0)

pStage
I
II
III+IV

3 (5.5)
32 (58.2)
11 (20.0)

4 (7.3)
5 (9.1)
0 (0)

Ki-67 protein statement
Low
High

23 (41.8)
23 (41.8)

5 (9.1)
4 (7.3)

p-value

0.671

0.582

0.646

0.005

0.018

0.431

0.004

0.760

score based on both the proportion of FXR positive tumor cells
and the intensity of FXR immunostaining was applied.
Several in vitro and animal studies have documented that
FXR may be considered as a potential molecular target in
pancreatic neoplasia. In fact, down-regulation of FXR expression in human pancreatic MIA-PaCa2 and PANC-1 cancer
cells inhibited cell proliferation and migration [19]. Notably,
FXR down-regulation by siRNA transfection decreased NF-κB
DNA-binding activity and vascular endothelial growth factor
(VEGF) levels, while treatment with the FXR antagonist, guggulsterone, inhibited cell proliferation, migration and invasion
in a dose-dependent manner [19]. Treatment with the FXR
agonist, GW4064, increased cell migration and invasion in
both MIA-PaCa2 and PANC-1 cancer cells [19]. In addition,
the naturally derived isoprenoids perillyl alcohol, farnesol and
geraniol exhibited an additive antiproliferative effect against
human pancreatic MIA PaCa-2 and BxPC-3 cancer cells,
inducing G0/G1 cell cycle arrest [32]. Although farnesol is
a weak FXR activator and such activation could not be considered as a general mechanism in farnesol-induced apoptosis,
the possibility of its interaction with FXR cannot be excluded
[32]. In another study, farnesol, geraniol or perillyl alcohol
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treatment resulted in a 3-10 fold increase in apoptosis and Bak
expression of BxPC3 pancreatic cancer cells [33]. It was also
showed that pancreatic carcinoma incidence was decreased
in animal models fed with perillyl alcohol and farnesol diets,
while increased apoptotic rates and diminished expression of
the antiapoptotic protein BCL-XL [33].
Substantial evidence has further supported that RXRs can
function either as homodimers or heterodimers with NRs,
including FXR, being involved in manifesting antiproliferative
effects in cancer cells [34]. Clinical evidence has suggested that
RXRs may be implicated in tumor development progression,
being associated with crucial clinicopathological parameters
and/or patients’ prognosis in certain human malignancies,
including esophageal, breast, lung, pancreatic, renal cell,
prostate and ovarian carcinoma, melanoma and osteosarcoma
[29, 35-42]. It has also been documented that retinoids, such
as all-trans-retinoic acid (atRA; tretinoin), 9-cis-RA and
13-cis-retinoic acid (13-cis-RA; isotretinoin) negatively regulated cell proliferation in pancreatic cancer cell lines [43-45].
Accordingly, several RXR-agonists exhibited increased antitumor efficacy when combined with antiestrogens in breast
cancer models and with standard chemotherapeutic agents
in a variety of cancer types [46, 47]. LGD1069, a RXR agonist
also inhibited tumor-induced angiogenesis via suppression of
VEGF in non-small cell lung carcinoma [48].
In the last few years, a significant amount of research
has been conducted and, although none has reached clinical use, many synthetic FXR ligands have extensively been
studied [49, 50]. In this aspect, FXR has emerged as a highly
promising target in preclinical development [49, 50]. FXR
deficiency resulted in increased intestinal tumorigenesis and
colon cell proliferation, which was accompanied by expression up-regulation of genes involved in cell cycle progression
and inflammation [51, 52]. Interestingly, in human colon
cancer cells, Src-mediated cross-talk between FXR and
EGFR modulated ERK phosphorylation, thereby regulating
intestinal cell proliferation and tumorigenesis [53]. Moreover, FXR activation was considered to exert an important
role in protecting against carcinogenic effects of bile acids
in gastrointestinal tumors [54]. Additionally, FXR deficiency
in mice led to the development of spontaneous hepatocarcinomas, whereas FXR ligand activation inhibited the
expression of hepatic inflammatory mediators in response
to NF-κB activation, supporting the role of FXR as a central
hepatoprotector and suppressor of hepatocarcinogenesis
[55]. Treatment with the FXR antagonist guggulsterone
enhanced apoptosis in a human Barrett’s esophagus cell
line [56]. FXR inactivation by FXR shRNA or guggulsterone
also suppressed esophageal cancer cell growth and induced
apoptosis, in vitro, as well as reduced tumor formation and
growth in nude mouse xenografts [24]. FXR seemed to play
a protective role in breast cancer development, being considered as a promising target for the development of novel
anticancer agents [57]. Overall, from a therapeutic point of
view, future strategies aimed at activating or inhibiting FXR

expression may be useful in the treatment of certain types
of human malignancy.
Conclusion
The present study showed for the first time that elevated
FXR and concomitant elevated FXR/RXRs expression were
associated with clinicopathological parameters, such as grade
of differentiation, higher histopathological stage, smaller
tumor size and absence of lymph node metastases, which are
considered crucial for patients’ management and prognosis.
Even of more clinical significance are the data, supporting the
association of FXR and concomitant FXR/RXRs expression
with patients’ survival. These findings supported evidence of
a potential important role of FXR and RXRs in the biological
mechanisms governing pancreatic malignant disease progression. The potential implication of FXR and its partnership with
RXRs in the pancreatic adenocarcinoma, along with only few
observations in this field, point out the necessity for further
studies in order to clarify the potential role of these molecules
and their possible use in the established therapeutic regimens
of this type of malignancy.
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