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Objective: Adipophilin is a lipid droplet-associated protein, and its expression has been correlated with
aggressive clinical behavior in some types of carcinomas, though its role in pancreatic ductal adeno-
carcinoma (PDAC) has not been clarified. This study aimed to evaluate the role of adipophilin in PDAC.
Methods: By immunohistochemical staining using tissue microarrays, we analyzed the expression pro-
files of adipophilin in 181 consecutive PDAC patients who underwent macroscopic margin-negative
resection from January 2008 to December 2015. Overall survival (OS) and recurrence-free survival
(RFS) were compared based on adipophilin expression, and the risk factors for OS, RFS, and early
recurrence (within 6 months) were analyzed.
Results: Of the 181 evaluated patients, 51 (28.2%) were positive for adipophilin expression. A histo-
pathological grade of 3 (p¼ 0.0012), higher CA19-9 level (p¼ 0.0016), and R1 status (p¼ 0.028) were
significantly associated with adipophilin-positive patients who had significantly poor OS and RFS
compared to those associated with adipophilin-negative patients (p¼ 0.0007 and p¼ 0.0022, respec-
tively). They also showed a significantly higher incidence of early recurrence (p¼ 0.030), based on
multivariate analyses.
Conclusions: Adipophilin is a potential independent prognostic marker for PDAC.
© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.
Introduction

Adipophilin is a lipid droplet-associated protein present on the
surface of lipid droplets within the cytoplasm [1]. It has been re-
ported to play an important role in the formation and maintenance
of lipid droplets [1]. Recently, with the availability of an effective
antibody against adipophilin, visualization of intracytoplasmic lipid
droplets on formalin-fixed and paraffin-embedded tissue sections
has become possible. Since then, the expression profiles of adipo-
philin in some tumor types have been examined. The anti-
adipophilin antibody has also been used to analyze metabolic
dysregulation in organs such as the liver [2].
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It has been well recognized that lipogenic metabolism may be
altered and up-regulated in various types of tumors [3]. Adipo-
philin expression in different benign and malignant tumors has,
therefore, been analyzed [3e11]. Previous studies have demon-
strated an association between adipophilin expression and
aggressive clinical behavior in some types of carcinomas, including
lung adenocarcinomas [6], colorectal cancers [9], and clear cell
renal cell carcinomas [10]. It has also been shown to be associated
with the malignant potential of tumors such as cutaneous mela-
nocytic [5] and gastric epithelial neoplasms [7]. Pancreatic ductal
adenocarcinoma (PDAC) is one of the highly aggressive carcinomas
and is a leading cause of cancer-related deaths. Adipophilin
expression in PDACs has not yet been analyzed. In the present
study, we, therefore, aimed to examine the adipophilin expression
profiles in PDACs using tissue microarrays and evaluate its rela-
tionship with the clinicopathological parameters in PDAC.
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Materials and methods

Patient selection

We enrolled 213 consecutive patients with PDAC who under-
went surgical resection from January 2008 to December 2015 at the
Kansai Medical University Hospital. Patients who died of other
causes or complications (19 patients) were excluded from the
study. Patients who were out of clinical follow-up within 24
months after surgery (13 patients) were also excluded because
these patients were visiting a different hospital after surgery, and
the information regarding recurrence or survival was not available.
Finally, 181 patients who had R0 or R1 resection were included in
this study.

This study was conducted in accordance with the Declaration of
Helsinki, and the study protocol was approved by the Institutional
Review Board of the Kansai Medical University Hospital (protocol
no. 2017108 and 2017306).
Histopathological analyses

Surgically resected specimens were formalin-fixed and
sectioned. All sections were paraffin-embedded, stained with he-
matoxylin and eosin, and examined histopathologically. The his-
topathological grading (Grades 1, 2, and 3) was based on the recent
World Health Organization Classification 2010 [12], which is based
on mucin production, mitoses, and nuclear features as well as the
degree of glandular formation. If there were different grading
components within the same tumor, the highest grade was adop-
ted. Neoplastic cells with a clear cytoplasm have been reported to
have positive immunoreactivity for adipophilin [4,10]. According to
these findings, we also evaluated the presence of clear neoplastic
cells in the sections. The above-mentioned histopathological fea-
tures were independently evaluated bymore than two pathologists
who were blinded to the clinical outcomes. Disagreements were
resolved by reassessment using a multi-headed microscope.

All cases were staged according to the 8th Union for Interna-
tional Cancer Control TNM Classification [13].
Tissue microarrays

The most morphologically representative carcinoma regions
were selected on the hematoxylin and eosin-stained slides, and two
tissue cores (2mm in diameter) were punched out from the
paraffin-embedded blocks for each patient. These tissue cores were
then arrayed in a paraffin block.
Immunohistochemistry

Immunohistochemical analyses were performed using an
autostainer (Discovery, Roche Diagnostics, Basel, Switzerland) ac-
cording to the manufacturer's instructions. An anti-adipophilin
mouse monoclonal primary antibody (AP125, Progen Biotechnik,
Heidelberg, Germany) was used to detect adipophilin expression.
The sebaceous glands of the skin were used as an outer positive
control. Adipophilin expressionwas considered to be positivewhen
more than 5% of the neoplastic cells showed granular and/or
globular cytoplasmic expression, as previously reported [6].
Immunohistochemical stainings were also independently evalu-
ated by two pathologists who were blinded to the clinical out-
comes. We defined an adipophilin-positive case as when one or
more cores from the same patient showed immunoreactivity.
Statistical analysis

JMP Start Statistics version 14 (Statistical Discovery Software;
SAS Institute, Cary, NC, USA) was used to perform the statistical
analyses. The Chi-square test was used for comparison between
the adipophilin- positive and -negative groups. All patients have
been followed up for at least 2 years, and the last follow-up date
was March 16, 2018. The overall survival (OS) and recurrence-free
survival (RFS) rates were evaluated using the Kaplan-Meier
method. OS and recurrence-free times were calculated from the
day of surgery in patients with or without neoadjuvant therapy.
The log-rank tests were performed to compare the two groups. A
p-value of <0.05 was considered to be significant. The continuous
variables (tumor diameters and preoperative CA19-9 levels) were
binarized by the cutoff values based on the ROC curve. Univariable
and multivariable survival analyses were performed with the Cox
proportional hazards model and were expressed as hazard ratios.
The risk factors for early recurrence (within 6 months) were
determined by logistic regression analysis and were expressed as
odds ratios. Significant factors identified by univariate analyses
were further evaluated by multivariate logistic regression ana-
lyses to identify significant independent factors for early
recurrence.

Results

Clinicopathological features

Table 1 summarizes the clinicopathological features of the pa-
tients. Of all the included patients, 74 were women, and 107 were
men. The age of the patients at the time of surgery ranged from 36
to 86 years (median: 68 years). The median follow-up period was
48 months (range: 25e115 months). While 122 (67.4%) patients
died of the disease, 126 (69.6%) of them had a relapse.

In 117 cases, the tumor was located in the head of the pancreas,
while in 64 of them, it was in the body or tail. Based on the National
Comprehensive Cancer Network (NCCN) resectability status, 134 of
the cases were classified as resectable (R), 43 as borderline
resectable (BR), and 4 as unresectable (UR). Based on the residual
tumor grading, 150 patients were classified as R0 and 31 as R1. The
tumors were staged as pT1b, pT1c, pT2, pT3, and pT4 in 1, 10, 105,
63 and 2 patients, respectively. Lymph node metastasis was seen in
133 (73.5%) patients. The patients were staged as IA (5 patients), IB
(36 patients), IIA (7 patients), IIB (69 patients), III (63 patients), and
IV (1 patient). Preoperative neoadjuvant chemotherapy was given
to 69 (38.1%) patients.

Based on the histopathology, 42 (23.2%), 115 (63.5%), and 24
(13.3%) patients had Grade 1, 2, and 3, respectively. Clear neoplastic
cells were present in 44 (24.3%) patients (Fig. 1).

Adipophilin expression

No adipophilin-positive cells were observed in the non-
neoplastic pancreatic tissue. Adipophilin expression was observed
in 51 (28.2%) patients, and as shown in Fig. 2, subnuclear globular
staining was noted in most cases. Table 1 summarizes the rela-
tionship between adipophilin expression and the clinicopatholog-
ical parameters. Adipophilin expression was significantly associated
with a histopathological grade of 3 (p¼ 0.0012) and had higher
preoperative CA19-9 levels (p¼ 0.0016). Although adipophilin
expression showed no correlation with tumor diameter (p¼ 0.052),
pathological tumor stage (p¼ 0.23), and presence of lymph node
metastasis (p¼ 0.57), the adipophilin-positive patients had a
significantly higher incidence of R1 resection than the adipophilin-
negative patients (27.5% vs.13.1%, respectively, p¼ 0.028). Moreover,



Table 1
Correlation between clinicopathological characteristics and adipophilin expression.

Adipophilin-positive (n¼ 51) (%) Adipophilin-negative (n¼ 130) (%) P-value

Age (year) 67.5± 10.9 68.2± 9.2 0.69
Gender
Male 26 (51.0) 81 (62.3)
Female 25 (49.0) 49 (37.7) 0.16
Location
Head 35 (68.6) 82 (63.1)
Body and tail 16 (31.4) 48 (36.9) 0.48
Body mass index
<25 43 (84.3) 114 (87.7)
S25 8 (15.7) 16 (12.3) 0.55
CA19-9 (U/mL) 731.0± 1565.4 252.1± 436.5 0.0016
Albumin (g/dL) 3.77± 0.52 3.88± 0.53 0.2
NCCN resectability status
R 38 (74.5) 96 (73.8)
BR or UR 13 (25.5) 34 (26.2) 0.58
Tumor diameter (mm) 38.9± 15.5 34.5± 12.6 0.052
Histopathological type
Grade 1 5 (9.8) 37 (28.5)
Grade 2 33 (64.7) 82 (63.1)
Grade 3 13 (25.5) 11 (8.5) 0.0012
T category a

1a 0 (0) 0 (0)
1b 0 (0) 1 (0.8)
1c 0 (0) 10 (7.7)
2 31 (60.8) 74 (56.9)
3 20 (39.2) 43 (33.1)
4 0 (0) 2 (1.5) 0.23
Clear cells
Present 11 (21.6) 33 (25.4)
Absent 40 (78.4) 97 (74.6) 0.59
pStageb

Ia 0 (0) 5 (3.8)
Ib 10 (19.6) 26 (20.0)
IIa 2 (3.9) 5 (3.8)
IIb 19 (37.3) 50 (38.5)
III 20 (39.2) 43 (33.1)
IV 0 (0) 1 (0.8) 0.74
Lymph node metastasis
Positive 39 (76.5) 94 (72.3)
Negative 12 (23.5) 36 (27.7) 0.57
Neoadjuvant chemotherapy
Present 16 (31.4) 53 (40.8)
Absent 35 (68.6) 77 (59.2) 0.24
Adjuvant chemotherapy
Present 44 (86.3) 110 (84.6)
Absent 7 (13.7) 20 (15.4) 0.77
Operation procedures
Pancreaticoduodenectomy 32 (62.7) 86 (66.2)
Distal pancreatectomy 15 (29.4) 41 (31.5)
Total pancreatectomy 4 (7.8) 3 (2.3) 0.22
Combined resection
Present 22 (43.1) 71 (54.6)
Absent 29 (56.9) 59 (45.4) 0.16
Hospital stays (day) 16.9± 13.8 17.5± 15.7 0.82
Bleeding (mL) 1069.2± 920.4 1108.3± 771.9 0.77
Resection status
R0 37 (72.5) 113 (86.9)
R1 14 (27.5) 17 (13.1) 0.028

a T1a, tumor 0.5 cm or less; T1b, tumor greater than 0.5 cm less than 1 cm; T1c, tumor greater than 1 cm but nomore than 2 cm; T2, tumor more than 2 cm but nomore than
4 cm; T3, tumor more than 4 cm; T4, tumor involves coeliac axis, superior mesenteric artery, and/or common hepatic artery (reference 13).

b Stage IA, T1N0M0; Stage IB, T2N0M0; Stage IIA, T3N0M0, Stage IIB, T1-3N1M0; Stage III, T1-4N2M0 or T4AnyNM0; Stage IV, AnyTAnyNM1 (reference 13).
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adipophilin expressionwas not associatedwith the presence of clear
cells (p¼ 0.59).

Prognostic significance of adipophilin expression

Fig. 3 compares the survival curves of the adipophilin-positive
and -negative patients. The OS and RFS in the adipophilin-
positive patients were significantly worse compared to those in
the adipophilin-negative patients (p¼ 0.0007 and p¼ 0.0022,
respectively). While the median survival time for the adipophilin-
negative patients was 31.5 months, it was 16 months for the
adipophilin-positive patients.

Univariate Cox regression analyses showed that adipophilin
expression, preoperative albumin level (<3.8 g/dL), CA19-9 level
(>186 U/mL), NCCN resectability status of BR or UR, larger tumor
size (>32mm), pathological stages of III or IV, resection status of R1,



Fig. 1. Histopathological features of pancreatic ductal adenocarcinoma with clear cells
(H&E, x 400).

Fig. 2. Typical immunohistochemical staining of adipophilin in pancreatic ductal
adenocarcinoma. Subnuclear globular staining is noted (x 400).

Fig. 3. The effect of adipophilin expression on the prognosis in pancreatic ductal adenocarc
line) and adipophilin-negative (red line) (P¼ 0.0007) PDAC. (B) Recurrence-free survival curv
(P¼ 0.0022) PDAC.
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and presence of adjuvant chemotherapy were all significant poor
prognostic factors (Table 2). Multivariate analyses clearly demon-
strated that adipophilin expression was a significant and inde-
pendent poor prognostic factor for OS (hazard ratio 1.64; 95%
confidence interval 1.14e2.34; p¼ 0.0084) and early recurrence
(odds ratio 2.43; 95% confidence interval 1.09e5.43; p¼ 0.030)
(Table 3) in patients with PDAC. Additionally, the NCCN resect-
ability status of BR or UR (hazard ratio 1.64; 95% confidence interval
1.13e2.34; p¼ 0.0088), higher preoperative CA19-9 levels (hazard
ratio 1.48; 95% confidence interval 1.05e2.07; p¼ 0.026), and
adjuvant chemotherapy (hazard ratio 0.45; 95% confidence interval
0.29e0.73; p¼ 0.0018) were also significant and independent poor
prognostic factors.
Discussion

In the present study, we demonstrate that 28.2% of the patients
with PDAC expressed adipophilin. We also showed that the adi-
pophilin expression in patients who underwent R0 or R1 resection
was a significant and independent poor prognostic factor for OS
(p¼ 0.0084) and early recurrence (p¼ 0.030), based onmultivariate
analyses.

Some previous reports have shown that adipophilin expression
is related to poor prognosis in lung adenocarcinomas [6], colorectal
carcinomas [9], and clear cell renal cell carcinomas [10]. However,
to the best of our knowledge, this is the first study on adipophilin
expression and its prognostic significance in PDAC. Fujimoto et al.
have reported that the 5-year overall and disease-free survivals in
patients with adipophilin-positive lung adenocarcinoma were
significantly worse compared to those in the adipophilin-negative
patients [6]. Our results are in line with these previous reports
and suggest that adipophilin could be a useful prognostic marker in
some kinds of carcinomas, including PDAC.

Many studies have attempted to determine the prognostic
factors for PDAC [14]. CA19-9 levels, surgical margin status, tu-
mor stage, and performance status have been shown to be strong
prognostic factors for OS [14]. Moreover, a recent study showed
that the NCCN resectability status was a useful prognostic indi-
cator [15]. The results of our multivariate analyses showing that
CA19-9 levels and NCCN resectability status are strong prognostic
inoma (PDAC). (A) Overall survival curves for patients with adipophilin-positive (blue
es for patients with adipophilin-positive (blue line) and adipophilin-negative (red line)



Table 2
Univariate and multivariate analyses for overall survival.

Variables Univariate Multivariate

Hazard ratio 95% CI p value Hazard ratio 95% CI p value

Adipophilin (positive versus negative) 1.68 1.19e2.33 0.0036 1.64 1.14e2.34 0.0084
Age (S75 versus <75) 0.93 0.65e1.31 0.71
Gender (male versus female) 1.13 0.82e1.53 0.44
Location (head versus body and tail) 1.08 0.79e1.49 0.61
Body mass index (S25 versus <25) 0.97 0.61e1.48 0.91
CA19-9 (>186 versus &186 U/mL) 1.63 1.17e2.23 0.0037 1.48 1.05e2.07 0.026
Albumin (S3.8 versus <3.8 g/dL) 0.61 0.45e0.84 0.0027 0.78 0.56e1.10 0.164
NCCN resectability status (BR/UR versus R) 1.55 1.09e2.18 0.015 1.64 1.13e2.34 0.0088
Tumor diameter (S32 versus <32mm) 1.41 1.03e1.93 0.028 1.09 0.77e1.55 0.62
Histopathological type (Grade 3 versus Grade 1/2)Histopathological type

(Grade 3 versus Grade 1/2)
1.45 0.91e2.22 0.11

Clear cells (present versus absent) 1.21 0.83e1.71 0.3
T category (III/IV versus I/II) 1.32 0.96e1.81 0.086
pStage (III/IV versus I/II) 1.41 1.02e1.93 0.037 1.16 0.83e1.61 0.38
Lymph node metastasis (present versus absent) 1.4 0.99e2.03 0.051
Neoadjuvant chemotherapy (present versus absent) 1.11 0.81e1.52 0.49
Combined resection (present versus absent) 1.2 0.88e1.62 0.24
Resection status (R1 versus R0) 1.85 1.20e2.75 0.0059 1.57 0.98e2.42 0.056
Adjuvant therapy (present versus absent) 0.47 0.31e0.73 0.0016 0.45 0.29e0.73 0.0018

CI, Confidence interval.
*T1a, tumor 0.5 cm or less; T1b, tumor greater than 0.5 cm less than 1 cm; T1c, tumor greater than 1 cm but no more than 2 cm; T2, tumor more than 2 cm but no more than
4 cm; T3, tumor more than 4 cm; T4, tumor involves coeliac axis, superior mesenteric artery, and/or common hepatic artery (reference 13).
**Stage IA, T1N0M0; Stage IB, T2N0M0; Stage IIA, T3N0M0, Stage IIB, T1-3N1M0; Stage III, T1-4N2M0 or T4AnyNM0; Stage IV, AnyTAnyNM1 (reference 13).

Table 3
Univariate and multivariate analyses for early recurrence (within 6 months).

Variables Univariate Multivariate

Odds ratio 95% CI p value Odds ratio 95% CI p value

Adipophilin (positive versus negative) 2.83 1.35e5.93 0.0059 2.43 1.09e5.43 0.03
Age (S75 versus <75) 0.97 0.43e2.20 0.96
Gender (male versus female) 0.76 0.37e1.55 0.45
Location (head versus body and tail) 1.12 0.53e2.37 0.77
Body mass index (S25 versus <25) 0.29 0.07e1.31 0.11
CA19-9 (>186 versus &186 U/mL) 2.97 1.43e6.16 0.0033 2.37 1.08e5.19 0.03
Albumin (S3.8 versus <3.8 g/dL) 0.75 0.36e1.56 0.45
NCCN resectability status (BR/UR versus R) 1.58 0.73e3.42 0.24
Tumor diameter (S32 versus <32mm) 1.08 0.52e2.22 0.83
Histopathological type (Grade 3 versus Grade 1/2)Histopathological type

(Grade 3 versus Grade 1/2)
1.25 0.46e3.40 0.66

Clear cells (present versus absent) 1.29 0.58e2.88 0.52
T category (3/4 versus 1/2) 1.73 0.84e3.55 0.13
pStage (III/IV versus I/II) 2.34 1.14e4.82 0.021 1.53 0.65e3.63 0.33
Lymph node metastasis (present versus absent) 2.95 1.16e9.06 0.021 1.87 0.59e5.92 0.28
Neoadjuvant chemotherapy (present versus absent) 1.33 0.65e2.74 0.43
Combined resection (present versus absent) 1.69 0.82e3.49 0.15
Resection status (R1 versus R0) 2.39 1.03e5.56 0.042 1.41 0.53e3.77 0.49
Adjuvant therapy (present versus absent) 0.39 0.16e0.95 0.038 0.4 0.15e1.09 0.074

CI, Confidence interval.
*T1a, tumor 0.5 cm or less; T1b, tumor greater than 0.5 cm less than 1 cm; T1c, tumor greater than 1 cm but no more than 2 cm; T2, tumor more than 2 cm but no more than
4 cm; T3, tumor more than 4 cm; T4, tumor involves coeliac axis, superior mesenteric artery, and/or common hepatic artery (reference 13).
**Stage IA, T1N0M0; Stage IB, T2N0M0; Stage IIA, T3N0M0, Stage IIB, T1-3N1M0; Stage III, T1-4N2M0 or T4AnyNM0; Stage IV, AnyTAnyNM1 (reference 13).
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factors confirm these earlier findings. Novel prognostic markers
that reflect the metabolic condition of the neoplastic cells such as
the hypoxia-inducible factor (HIF) 1 alpha have also been re-
ported in PDAC [16]. Our findings clearly demonstrate that adi-
pophilin is an independent and strong prognostic factor for
PDAC, probably reflecting the metabolic condition of the
neoplastic cells.

Some previous reports have suggested that adipophilin
expression indicates an up-regulation of lipid synthesis in the
neoplastic cells [5,6]. Glycolysis has been established as the main
energy-generating pathway in cancer cells, known as the Warburg
effect [17]. Cancer cells have also been shown to contain high
amounts of cytoplasmic lipids. The high rate of proliferation in
cancer cells is mainly maintained by lipid catabolism [18,19], an
effect that is pronounced under conditions of hypoxia [18,19].
Because PDAC cells survive under hypoxic conditions [20], adipo-
philin expression in these cells may reflect an up-regulation of lipid
metabolism. Additional analyses are needed to clarify the molec-
ular mechanisms underlying adipophilin expression in PDAC and
its relationship with pathways that are activated by the hypoxic
tumor microenvironment in PDAC.

In our study, clear neoplastic cells were occasionally found in
PDACs, but we did not find an association between their presence
and adipophilin expression, which is in confirmation with a
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previous study on lung adenocarcinoma [6]. The clear cytoplasm in
PDAC cells might be due to glycogen deposition. Moreover, in this
study, most of the PDAC cases showed subnuclear globular staining
for adipophilin, an expression pattern that has been observed in
lung adenocarcinomas [6], gastric epithelial neoplasms [7], and
colorectal adenomas [4].

There are some limitations to the present study. First, adipo-
philin expression was examined in the operative specimens.
However, whether its expression in the pre-operative biopsy
specimens can also be a prognostic marker has not been clarified.
Additional studies are, therefore, needed to determine the corre-
lation between the adipophilin expression in operative and biopsy
specimens. Moreover, in the present study, tissue microarray cores
of 2mm diameter were obtained for each case, which could have
led to heterogeneity, as suggested by another study [6]. Second, the
present study included patients who had received neoadjuvant
chemotherapy. Although there was no significant difference in the
rate of neoadjuvant chemotherapy between the adipophilin-
positive and -negative groups (p¼ 0.24), the possibility that
chemotherapy could have changed the expression of adipophilin
has been proposed and cannot be ruled out [2]. A large study is
needed to clarify whether adipophilin is an independent prognostic
factor for PDAC patients with and without neoadjuvant
chemotherapy.

In conclusion, this study clearly demonstrates that adipophilin
expression is an independent and strong prognostic factor for OS
and early recurrence in patients with PDAC. Additional studies are
needed to clarify the molecular mechanisms that lead to adipo-
philin expression and treatment strategies for adipophilin-positive
PDAC patients.

Additional information

Ethics approval and consent to participate: This study was
conducted in accordance with the Declaration of Helsinki, and the
study protocol was approved by the institutional review board of
Kansai Medical University Hospital (protocol no. 2017108 and
2017306).

Consent for publication: Not concerned.
Availability of data and materials: All data analyzed and

generated during the study are available in our database.
Acknowledgements: None.
Conflict of Interest: The authors declare no competing

interests.
Funding: None.
Authorship: MI conceived and designed the work. YH, MI, and

HR conducted TMA construction, and the immunohistochemical
stainings and analyses. YH, HR, TY, HK, SH, SY, MK, YM, HY, and SS
obtained the clinical data. KT and SS supervised this project. All
authors discussed the results and contributed to preparing the draft
of the manuscript and have approved the final version. All authors
agreed to be accountable for all aspects of the work.
References

[1] Heid HW, Moll R, Schwetlick I, Rackwitz HR, Keenan TW. Adipophilin is a
specific marker of lipid accumulation in diverse cell types and diseases. Cell
Tissue Res 1998;294:309e21.

[2] Straub BK, Gyoengyoesi B, Koenig M, Hashani M, Pawella LM, Herpel E, et al.
Adipophilin/perilipin-2 as a lipid droplet-specific marker for metabolically
active cells and diseases associated with metabolic dysregulation. Histopa-
thology 2013;62:617e31.

[3] Straub BK, Herpel E, Singer S, Zimbelmann R, Breuhahn K, Macher-
Goeppinger S, et al. Lipid droplet-associated PAT-proteins show frequent and
differential expression in neoplastic steatogenesis. Mod Pathol 2010;23:
480e92.

[4] Miyasaka C, Ishida M, Ohe C, Uemura Y, Ando Y, Fukui T, et al. Tubular ade-
nomas with clear cell change in the colorectum: a case with 4 lesions and
review of the literature. Pathol Int 2018;68:256e8.

[5] Fujimoto M, Matsuzaki I, Yamamoto Y, Yoshizawa A, Warigaya K, Iwahashi Y,
et al. Adipophilin expression in cutaneous malignant melanoma. J Cutan
Pathol 2017;44:228e36.

[6] Fujimoto M, Yoshizawa A, Sumiyoshi S, Sonobe M, Menju T, Hirata M, et al.
Adipophilin expression in lung adenocarcinoma is associated with apocrine-
like features and poor clinical prognosis: an immunohistochemical study of
328 cases. Histopathology 2017;70:232e41.

[7] Gushima R, Yao T, Kurisaki-Arakawa A, Hara K, Hayashi T, Fukumura Y, et al.
Expression of adipophilin in gastric epithelial neoplasia is associated with
intestinal differentiation and discriminates between adenoma and adeno-
carcinoma. Virchows Arch 2016;468:169e77.

[8] Ambrosio MR, Piccaluga PP, Ponzoni M, Rocca BJ, Malagnino V, Onorati M,
et al. The alteration of lipid metabolism in Burkitt lymphoma identifies a novel
marker: adipophilin. PLoS One 2012;7:e44315.

[9] Matsubara J, Honda K, Ono M, Sekine S, Tanaka Y, Kobayashi M, et al. Iden-
tification of adipophilin as a potential plasma biomarker for colorectal cancer
using label-free quantitative mass spectrometry and protein microarray.
Cancer Epidemiol Biomarkers Prev 2011;20:2195e203.

[10] Yao M, Huang Y, Shioi K, Hattori K, Murakami T, Nakaigawa N, et al.
Expression of adipose differentiation-related protein: a predictor of cancer-
specific survival in clear cell renal carcinoma. Clin Cancer Res 2007;13:
152e60.

[11] Tolkach Y, Lüders C, Meller S, Jung K, Stephan C, Kristiansen G. Adipophilin as
prognostic biomarker in clear cell renal cell carcinoma. Oncotarget 2017;8:
28672e82.

[12] Hruban RH, Boffetta P, Hiraoka N, Iacobuzio-Donahue C, Kato Y, Kern SE, et al.
Ductal adenocarcinoma of the pancreas. In: Bosman FT, Carneiro F,
Hruban RH, Theise ND, editors. WHO Classification of Tumours of the Diges-
tive System. Lyon, France: IARC; 2010. p. 281e91.

[13] Brierley JD, Gospodarowicz MK, Wittekind C. TNM Classification of malignant
tumours. eighth ed. Singapore: Wiley-Blackwell; 2017.

[14] Bilici A. Prognostic factors related with survival in patients with pancreatic
adenocarcinoma. World J Gastroenterol 2014;20:10802e12.

[15] Murakami Y, Satoi S, Sho M, Motoi F, Matsumoto I, Kawai M, et al. National
comprehensive cancer network resectability status for pancreatic carcinoma
predicts overall survival. World J Surg 2015;39:2306e14.

[16] Hoffmann AC, Mori R, Vallbohmer D, Brabender J, Klein E, Drebber U, et al.
High expression of HIF1a is a predictor of clinical outcome in patients with
pancreatic ductal adenocarcinomas and correlated to PDGFA, VEGF, and bFGF.
Neoplasia 2008;10:674e9.

[17] Vander Heiden MG, Cantley LC, Thompson CB. Understanding the Warburg
effect: the metabolic requirements of cell proliferation. Science 2009;324:
1029e33.

[18] Koizume S, Miyagi Y. Lipid Droplets: a key cellular organelle associated with
cancer cell survival under normoxia and hypoxia. Int J Mol Sci 2016;17:E1430.

[19] Bensaad K, Favaro E, Lewis CA, Peck B, Lord S, Collins JM, et al. Fatty acid
uptake and lipid storage induced by HIF-1a contribute to cell growth and
survival after hypoxia-reoxygenation. Cell Rep 2014;9:349e65.

[20] Gunda V, Kumar S, Dasgupta A, Singh PK. Hypoxia-induced metabolomic al-
terations in pancreatic cancer cells. Methods Mol Biol 2018;1742:95e105.

http://refhub.elsevier.com/S1424-3903(19)30063-8/sref1
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref1
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref1
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref1
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref2
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref2
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref2
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref2
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref2
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref3
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref3
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref3
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref3
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref3
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref4
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref4
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref4
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref4
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref5
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref5
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref5
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref5
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref6
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref6
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref6
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref6
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref6
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref7
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref7
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref7
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref7
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref7
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref8
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref8
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref8
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref9
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref9
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref9
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref9
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref9
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref10
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref10
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref10
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref10
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref10
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref11
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref11
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref11
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref11
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref12
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref12
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref12
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref12
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref12
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref13
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref13
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref14
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref14
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref14
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref15
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref15
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref15
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref15
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref16
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref16
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref16
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref16
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref16
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref17
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref17
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref17
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref17
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref18
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref18
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref19
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref19
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref19
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref19
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref20
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref20
http://refhub.elsevier.com/S1424-3903(19)30063-8/sref20

	Adipophilin expression is an indicator of poor prognosis in patients with pancreatic ductal adenocarcinoma: An immunohistoc ...
	Introduction
	Materials and methods
	Patient selection
	Histopathological analyses
	Tissue microarrays
	Immunohistochemistry
	Statistical analysis

	Results
	Clinicopathological features
	Adipophilin expression
	Prognostic significance of adipophilin expression

	Discussion
	Additional information
	References


