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Peroxisome proliferator-activated receptor-o expression is
associated with histological type in human gastric carcinoma
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Abstract. Gastric carcinoma is one of the most common types
of cancer worldwide and a leading cause of cancer-related
mortality. Gastric carcinoma is histologically subdivided into
differentiated and undifferentiated carcinoma, with the latter
including poorly differentiated carcinoma and signet ring
cell carcinoma (SRCC). Poorly differentiated carcinoma and
SRCC have a worse prognosis compared with differentiated
carcinoma. Peroxisome proliferator-activated receptors
(PPARs) are nuclear hormone receptors and the PPAR-a
subtype regulates important cellular functions, including cell
proliferation, energy metabolism, oxidative stress, immune
responses and cell differentiation. The aim of the present study
was to elucidate the associations between clinicopathological
factors and PPAR-a expression in patients with gastric
carcinoma. The immunohistochemical staining of specimens
obtained from 57 patients showed that PPAR-a expression
was slightly weaker in undifferentiated carcinoma than in
differentiated carcinoma (P<0.01). PPAR-a expression also
significantly differed between poorly differentiated carcinoma
(both positive and negative: 14/20, 70%) and SRCC (not
expressed: 0/7, 0%) (P<0.01). However, PPAR-a expression
was not significantly affected by age, lymph node invasion,
venous invasion, lymph node metastasis, depth of invasion or
stage. Collectively, the present results demonstrated that the
downregulated expression of PPAR-a may play a key role in
the biological transformation of tumors. Therefore, PPAR-a

Correspondence to: Professor Eiichiro Hirakawa, Laboratory of
Pathology, Department of Medical Technology, Kagawa Prefectural
University of Health Sciences, 281-1 Hara, Mure-cho, Takamatsu,
Kagawa 761-0123, Japan

E-mail: hirakawa@chs.pref.kagawa.jp

Key words: gastric carcinoma, peroxisome proliferator-activated
receptor-a, immunohistochemical staining

appears to be an important protein related to histology and
may hold promise as a prognostic marker. Further studies
with a larger number of subjects are needed to elucidate
the relationship between PPAR-a expression and tumor
progression and to analyze long-term clinical survival.

Introduction

Gastric carcinoma is one of the most common types of cancer
and the main causes of cancer-related mortality worldwide (1).
According to the Japanese Gastric Cancer Classification,
gastric adenocarcinoma is histologically subdivided into
differentiated and undifferentiated types, and patients with
undifferentiated tumors generally have a poorer prog-
nosis (2-4). Diffuse types of gastric carcinoma, consisting
of infiltration by single cells or small groups of tumor cells,
correspond to poorly differentiated gastric carcinoma in the
World Health Organization classification and include hetero-
geneous subtypes, such as signet ring cell carcinoma (SRCC)
and non-SRCC (NSRCC) (5). The prevalence of poorly differ-
entiated gastric carcinoma is higher compared with that of
well-differentiated gastric carcinoma (6). Furthermore, poorly
differentiated carcinoma and SRCC have a worse prognosis
than differentiated carcinoma (7,8).

Peroxisome proliferator-activated receptors (PPARs) are
nuclear hormone receptors that were initially described as
molecular targets for compounds that induce peroxisomal
proliferation (9). PPARs regulate the transcription of several
genes involved in lipid metabolism, energy utilization and
storage (10), and consist of three subtypes (PPAR-a, PPAR-p/d
and PPAR-y) (11,12). These subtypes may be partially
distinguished by their tissue distribution, ligands and target
specificities (13-16). PPAR-a is predominantly expressed
in tissues that catabolize large amounts of fatty acids, such
as the liver, kidneys, and heart (17). Additionally, PPAR-a
regulates important cellular functions, including cell prolif-
eration, differentiation, energy metabolism, oxidative stress,
inflammation, circadian rhythm, immune responses and cell
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differentiation. However, the relationship between the expres-
sion of PPAR-a and the histological type of gastric carcinoma
currently remains unclear. Furthermore, the biological func-
tion of PPAR-a has not yet been elucidated, and the role
of PPAR-a expression in gastric carcinoma has not been
investigated to date.

Therefore, further studies are needed to clarify these
controversial findings and to fully elucidate the function of
PPAR-a. The aim of the present study was to examine the
associations between PPAR-a expression and clinicopatho-
logical factors in gastric carcinoma and assess the usefulness
of PPAR-a as a new prognostic marker.

Materials and methods

Clinical samples. A total of 57 patients (42 men and 15 women,
with a mean age of 72.1+9.0 years; range, 50-91 years) who
were diagnosed with gastric carcinoma at Kagawa University
Hospital (Kagawa, Japan) between April 2012 and March 2014
were examined in the present study. Clinicopathological
factors were classified according to sex, age, histological type,
lymphatic invasion, venous invasion, lymph node metastasis,
depth of invasion and stage based on the 15th Edition of
Japanese Classification of Gastric Carcinoma (18). Samples
obtained from surgical resection for curative treatment
included 7 from endoscopic submucosal dissection, 45 from
partial gastrectomy and 5 from total gastrectomy. There was
one case of distant metastasis. All clinical samples were
provided after obtaining written informed consent from the
patients. The present study was conducted with the approval
of the Institutional Research Ethics Committee of the Kagawa
Prefectural University of Health Sciences (Kagawa, Japan;
approval no. 215).

Immunohistochemistry. Immunohistochemistry was
performed as previously described (19). Briefly, formalin-fixed
paraffin-embedded tissues were cut into 4-um sections. The
sections were deparaffined in xylene (Muto Pure Chemicals
Co., Ltd.) and rehydrated in ethanol (Muto Pure Chemicals
Co., Ltd.). Antigen retrieval was conducted by autoclave
heating at 120°C for 15 min in 0.01 M citrate buffer (pH 6.0)
containing 38 mg/dl citric acid monohydrate and 241 mg/dl
trisodium citrate dehydrate (Wako Pure Chemical Industries,
Ltd.). Endogenous peroxidase activity was blocked using 3%
hydrogen peroxide at room temperature for 10 min (Wako Pure
Chemical Industries, Ltd.) and non-specific antibody binding
using 0.1% skimmed milk at room temperature for 10 min
(Wako Pure Chemical Industries, Ltd.). An HRP-labeled
monoclonal anti-PPAR-a antibody (cat. no. sc-398394, Santa
Cruz Biotechnology, Inc.) was used for the primary antibody
reaction. The sections were incubated with primary antibody
diluted to 1:200 in PBS at room temperature for 2 h, rinsed
three times with PBS and stained with 3,3'-diaminobenzidine
tetrahydrochloride substrate (Nichirei Biosciences). The
sections were then counterstained with Meyer's hematoxylin,
dehydrated, transparentized with xylene, and mounted in
malinol. The expression of PPAR-a in cells was examined
under a light microscope (BX53; Olympus Corporation) at a
magnification of x200. The classification of PPAR-a expres-
sion was based on the criteria of Lin er al (20). Nuclear

Table I. Clinical characteristics of 57 patients with gastric
adenocarcinoma.

Parameters Patients, n (%)
Sex

Male 42 (73.7)

Female 15 (26.3)
Age (mean =+ standard deviation) 72.1+£9.0
Histological type

Differentiated carcinoma 30 (52.6)

Undifferentiated carcinoma 27 (474)
Lymphatic invasion

Positive 41 (71.9)

Negative 16 (28.1)
Venous invasion

Positive 36 (63.2)

Negative 21 (36.8)
Lymph node metastasis

Positive 22 (38.6)

Negative 35(61.4)
Depth of invasion

Tla 6 (10.5)

Tlb 18 (31.6)

T2 7(12.3)

T3 14 (24.6)

T4a 11 (19.3)

T4b 1(1.7)
Stage

I 26 (45.6)

ITA 5(8.8)

1B 9(15.8)

I 16 (28.1)

IVA 1(1.7)

PPAR-a expression was assessed using the following scores:
Unstained, 0; <25% positive cells, 1+; 25-50% positive cells, 2+;
50-75% positive cells, 3+; and >75% positive cells, 4+. PPAR-a
expression levels were measured in the negative (0, 1+ and 2+)
and positive (3+ and 4+) groups.

Statistical analysis. The associations between immunohis-
tochemical staining and clinicopathological factors were
examined using Pearson's %* test or Fisher's exact test. P<0.05
was considered to indicate a statistically significant differ-
ence. All statistical analyses were performed using SPSS 24.0
software (IBM Corp.).

Results

Clinicopathological characteristics. The characteristics of
patients with gastric carcinoma are summarized in Table I.
There were 57 patients (42 men and 15 women) with a mean
age of 72.1+£9.0 years. There were 30 cases of differentiated
carcinoma and 27 of undifferentiated carcinoma (20 of poorly
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Figure 1. Expression of peroxisome proliferator-activated receptor-a in different histological types of gastric adenocarcinoma. (A) Positive expression in
normal epithelial tissue (magnification, x200). (B) Positive expression in differentiated carcinoma (magnification, x200). (C) Positive expression in poorly
differentiated carcinoma (magnification, x200). (D) Negative expression in poorly differentiated carcinoma (magnification, x200). (E) Negative expression in

signet ring cell carcinoma (magnification, x200).

differentiated carcinoma and 7 of SRCC). Lymphatic invasion
was positive in 41 cases and negative in 16, venous invasion
was positive in 36 cases and negative in 21, and lymph node
metastasis was positive in 22 cases. As regards the depth of
invasion, Tla was detected in 6 cases, T1b in 18, T2 in 7, T3
in 14, T4a in 11 and T4b in 1 case. As regards disease stage,
26 cases were stage I, 5 were stage IIA, 9 were stage 1IB,
16 were stage III and 1 was stage IVA.

PPAR-a expression in gastric carcinoma. The expression
of PPAR-a was mainly localized to the nucleus and was
present in all normal epithelial tissues (Fig. 1A). In terms
of PPAR-a expression and clinicopathological factors,
it was expressed in all cases of differentiated carcinoma

(30/30, 100%; Fig. 1B), while positive and negative expres-
sion was observed in cases of undifferentiated carcinoma
(14/27, 51.9%). In terms of PPAR-a expression and histo-
logical subtype, PPAR-a expression was significantly higher
in differentiated carcinoma compared with undifferentiated
carcinoma (P<0.01; Table IT). Undifferentiated carcinoma
included poorly differentiated carcinoma and SRCC, and
PPAR-a expression differed significantly between poorly
differentiated carcinoma (both positive and negative: 14/20,
70%; Fig. 1C and D) and SRCC (not expressed: 0/7, 0%;
Fig. 1E and Table III; P<0.01). PPAR-a expression was
not significantly affected by sex, age, lymphatic invasion,
venous invasion, lymph node metastasis, depth of invasion
or stage (Table II).
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Table II. Relationship between PPAR-a expression and clinicopathological parameters of gastric carcinoma.

PPAR-a expression

Number of
Parameters cases ) +) P-value
Sex 0.082
Male 42 7 35
Female 15 6 9
Age, years 0.172
<72 27 4 23
>72 30 9 21
Histological type <0.010*
Differentiated carcinoma 30 0 30
Undifferentiated carcinoma 27 13 14
Lymphatic invasion >0.999
Positive 41 9 32
Negative 16 4 12
Venous invasion >0.999
Positive 36 8 28
Negative 21 5 16
Lymph node metastasis 0.199
Positive 22 7 15
Negative 35 6 29
Depth of invasion 0.322
Tla 6 0 6
Tlb 18 5 13
T2 7 1 6
T3 14 3 11
T4a 11 3 8
T4b 1 1 0
Stage 0.279
I 26 4 22
ITA 5 2 3
IIB 9 2 7
III 16 4 12
IVA 1 1 0

1P<0.05 was considered to indicate statistically significant differences (Pearson's ¥ test). PPAR-a., peroxisome proliferator-activated receptor-a.

Discussion

In the present study, the expression of PPAR-o was investigated
in 57 patients with gastric carcinoma. Immunohistochemical
staining was performed using an HRP-labeled monoclonal
anti-PPAR-a antibody to elucidate the relationship between
changes in PPAR-a expression and clinicopathological
factors. PPAR-a expression was found to be correlated with
histological type, with significantly higher expression levels
observed in differentiated carcinoma and lower expression
levels in undifferentiated carcinoma. These results provide
evidence for the development of useful molecular markers that
may predict cancer progression and outcome in patients with
gastric carcinoma, as PPAR-a expression was shown to be
downregulated in undifferentiated gastric carcinoma.

Gastric carcinoma is generally subdivided into differ-
entiated and undifferentiated types, with the latter mainly
including poorly differentiated carcinoma and SRCC, as
defined by the Japan Gastric Cancer Classification (21).
Patients with SRCC have a higher stage of progression and
poorer prognosis compared with those with other types of
gastric carcinoma (22,23), and poorly differentiated carcinoma
has been associated with lymph node metastasis, which carries
a poor prognosis (24-26). Poorly differentiated carcinoma and
SRCC are generally considered to have a poor prognosis and
high malignant potential (27). Therefore, it is crucial to detect
undifferentiated carcinomas at an early stage and develop new
markers for histological subtypes.

The activation of PPAR-a is widely known to induce cell
metabolism, inflammation, differentiation, cell cycle arrest
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Table III. Association between undifferentiated gastric carcinoma types and PPAR-a expression.

PPAR-a expression

Number of
Histological type cases (-) +) P-value
Poorly differentiated carcinoma 20 6 14 <0.010*
Signet ring cell carcinoma 7 7 0

“P<0.05 was considered to indicate statistically significant differences (Fisher's exact test). PPAR-a, peroxisome proliferator-activated

receptor-a.

and apoptosis in ovarian cancer (11), hepatocellular carci-
noma (28-30), colorectal carcinoma (31,32) and endometrial
cancer (33). Furthermore, regarding the levels of PPAR-a
expression in cancer tissue, immunohistochemistry revealed
that PPAR-a expression levels were significantly low in clear
cell renal cell carcinoma specimens and were correlated
with patient age and sex, and cancer stage and grade (34).
Although several studies have examined the relationship
between PPAR-a expression and cancer outcomes (32-34),
there is currently no information on the association between
PPAR-a expression and clinicopathological factors in poorly
differentiated carcinoma and SRCC. The association between
PPAR-a and gastric cancer was also analyzed by cBioPortal
(https://www.cbioportal.org), and the findings obtained
revealed that limited information is currently available on
PPAR-a and gastric cancer (data not shown). The results of
the present study demonstrated that PPAR-a expression was
downregulated in highly malignant undifferentiated carci-
noma, suggesting that its expression may serve a role in the
degree of differentiation in gastric carcinoma.
Undifferentiated carcinoma included poorly differenti-
ated carcinoma and SRCC in the present study. Therefore,
it was investigated whether PPAR-a expression differed
between poorly differentiated carcinoma and SRCC. A
comparison between poorly differentiated carcinoma and
SRCC revealed that PPAR-a expression was absent in SRCC
(0/7, 0%), but present in poorly differentiated carcinoma
(14/20, 70%), and the difference was statistically significant
(P<0.01). As regards the expression of PPAR-a and histology,
no comparative study has been conducted to date on the
associations of PPAR-a expression with poorly differenti-
ated carcinoma and SRCC. However, PPAR-y, a subtype
of PPARs, has been examined in relation to histological
types (35,36). Immunohistochemical staining for PPAR-vy in
gastric cancer tissues revealed that the frequency of positive
samples decreased as cancer transitioned from differentiated
to poorly differentiated carcinoma, and a gradual decrease in
PPAR-y activity was found to contribute to the histological
differentiation of gastric cancer cells and tumor progres-
sion (35). Furthermore, the majority of SRCC samples
lacked expression of PPAR-y (37). These findings prompted
us to investigate whether PPAR-a expression is also lower
in undifferentiated compared with that in differentiated
cancers. The finding of the differential expression of PPAR-a
in poorly differentiated carcinoma and SRCC suggests simi-
larities between PPAR-a and PPAR-y. Although PPAR-a

has been shown to regulate lipid energy metabolism, cancer
cell differentiation and apoptosis (38), its relationship with
differentiation, namely poorly differentiated carcinoma and
SRCC, remains unclear and requires further study.

In the present study, no significant differences were
observed in the expression of PPAR-a between normal
epithelial tissues and differentiated carcinomas, whereas
its expression was lower in the two undifferentiated, more
malignant types compared with that in the differentiated
type. Since the relationship between PPAR-a expression and
histology has not yet been elucidated in detail, further studies
with a larger number of subjects are needed to clarify the rela-
tionship between PPAR-a expression and tumor progression
and to analyze long-term clinical survival. The relationship
between PPAR-a and patient prognosis was not assessed in
this cohort as the hospital did not have post-treatment data
on the patients examined in the present study. Furthermore,
no cytology materials were available and, thus, additional
experiments could not be conducted. The findings of molec-
ular biological studies using cultured cells will be discussed
in future studies. In conclusion, the findings of the present
study demonstrated that the downregulated expression of
PPAR-a may be involved in the biological transformation
of tumors, suggesting that PPAR-a is an important protein
associated with tumor histology and may hold potential as a
prognostic marker.
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