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Abstract. An increased risk of colorectal cancer (CRC) is 
associated with a western style diet, particularly hyperlipidemia. 
The expression of G‑protein coupled receptor 40 (GPR40), 
a membrane‑bound receptor for long‑chain fatty acids 
(LCFAs), was examined in 36 cases of subserosal‑invading 
CRC and compared with clinicopathological parameters 
as well as triglyceride (TG) and low‑density lipoprotein 
(LDL) levels in the blood. All patients with CRC expressed 
GPR40, which was positively associated with blood TG levels 
(P<0.0001) but not with blood LDL levels. GPR40 expression 
was positively associated with nodal metastasis, distant 
metastasis (particularly to the liver), stage and poor prognosis. 
Patients with high GPR40 expression and high TG levels 
had comparatively worse survival outcomes compared with 
patients with low GPR40 expression and low TG levels. The 
results of the present study suggest that activation of GPR40 
may be associated with the progression and prognosis of 
CRCs. High levels of GPR40 and/or concurrent high levels of 
GPR40 and TG may be a risk for CRC progression.

Introduction

Colorectal cancer (CRC) is the third leading cause of 
cancer‑related death in Japan (1). The number of patients with 

CRC, and the number CRC‑related mortalities have increased 
in Japan, probably as a result of the increase in popularity of a 
western lifestyle (2,3). Some dietary ingredients such as fatty 
acids have been proposed to increase the risk of CRC (4).

Some long‑chain fatty acids (LCFAs) possess pro‑tumoral 
activity. Linoleic acid enhances colon carcinogenesis and 
metastasis by activating the receptor for advanced glycation 
end‑products (RAGE) and high mobility group box‑1 in the 
azoxymethan‑induced rat colon cancer model (5,6). Linoleic 
acid also inhibits proliferation of cancer cells and induces 
quiescence (7,8). Elaidic acid (EA), a trans‑fatty acid, enhances 
metastatic potential in colon cancer cells by induction of 
stemness and promoting epithelial mesenchymal transition 
(EMT) (9,10).

The LCFAs bind to, and mediate functional effects 
through, specific membrane‑bound receptors: the G‑protein 
coupled receptor 40 (GPR40) and GPR120 receptors  (11). 
The GPR40 is expressed in the beta cells of the pancreatic 
islets to affect insulin secretion (12), and binds to various 
LCFAs. This receptor exhibits ligand‑biased signaling, 
and binding to oleic acid causes it to couple to Gq type of 
G‑protein, stimulating calcium ion influx and inositol phos-
phate synthesis (13). In contrast, EA‑induced GPR40‑signaling 
transactivates epidermal growth factor receptor (EGFR) and 
c‑SRC signaling (10). Activation of GPR40 is essential for 
multifunctional effects of LCFAs.

In the body, LCFAs are supplied as part of triglycerides 
(TGs) and reach various tissues as well as tumor cells from 
circulating blood (14). Thus, evaluation of GPR40 expression 
status and plasma TG levels in CRC patients would be useful 
in elucidating the role of LCFAs in CRC. In the present study, 
we examined GPR40 expression and plasma TG levels in 
36 CRC patients and sought to understand if fatty acids affect 
CRC progression and survival outcomes.

Patients and methods

Patients. We randomly selected 36 patients with pT3‑CRC 
diagnosed pathologically in the Department of Molecular 
Pathology, Nara Medical University (Kashihara, Japan) from 
2012 to 2015. All cases were treated with curative resection, 
without a history of diabetes mellitus. Written informed 
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consent was not required as any identifying information was 
removed from the samples prior to analysis, to ensure strict 
privacy protection (unlinkable anonymization). All procedures 
were performed in accordance with the Ethical Guidelines 
for Human Genome/Gene Research enacted by the Japanese 
Government, which was approved by the Ethics Committee of 
the Nara Medical University (approval no. 937).

Immunohistochemistry. Consecutive 4‑µm sections of 
resected tissue were immunohistochemically stained using 
the immunoperoxidase technique described previously (15). 
Anti‑GPR40 antibody (Abnova, Walnut, CA, USA) was 
used at a concentration of 0.2 µg/ml. Secondary antibodies 
(Medical and Biological Laboratories, Nagoya, Japan) were 
used at a concentration of 0.2 µg/ml. Tissue sections were 
color‑developed with diamine benzidine hydrochloride 
(DAKO, Glastrup, Denmark), and counterstained with Meyer's 
hematoxylin (Sigma Chemical Co., St. Louis, MO, USA). A 
GPR40 expression score was calculated by multiplying the 
staining strength score (0‑2) with the staining area (0‑5), which 
yielded scores ranging from 0 to 10.

Statistical analysis. Statistical analyses of experimental 
data were carried out using the Spearman r test, analysis of 
variance (ANOVA), and the two‑tailed chi‑squared test (InStat; 
Graphpad Software Inc., La Jolla, CA, USA). A Bonferoni 
test was performed after ANOVA as a post hoc test. Survival 
analysis was performed using the Kaplan‑Meier method 
along with the log‑rank test. Univariate and multivariate 
analyses were performed using the log‑rank trend test and 
the Cox's hazard model, respectively (SPSS Statistics, IBM 
Japan, Tokyo, Japan). Statistical significance was defined as a 
two‑sided P‑value <0.05.

Results

Expression of GPR40. In 36  CRCs with sub‑serosal or 
sub‑adventitial layer invasion (pT3), (patients without a history 
of diabetes mellitus), GPR40 expression was examined immu-
nohistochemically (Fig. 1). Eighteen cases displayed relatively 
high GPR40 expression, and were attributed a ‘GPR40‑high’ 
status, while 18 other cases with relatively low GPR40 expres-
sion were given a ‘GPR40‑low’ status (Table I). In GPR40‑high 
samples, GPR40 immunoreactivity was identified in the plasma 
membrane (Fig. 1A). In contrast, in GPR40‑low samples, a 
signal of weak intensity was observed in relatively few cells.

Interestingly, a ‘GPR40‑high’ status was associated signifi-
cantly with lymph node metastasis, liver metastasis, and stage, 
but not with histological differentiation.

GPR40 expression and blood TG levels. Next, we compared 
GPR40 expression with TG or low‑density lipoprotein (LDL) 
levels (Fig. 2). A ‘GPR40‑high’ status was associated with 
higher blood TG levels, but not with blood low density lipo-
protein (LDL) levels. Moreover, TG levels were associated 
with stage, whereas LDL levels were not associated with 
stage (Table II).

The samples were divided into the two groups by GPR40 
expression status and blood TG levels. The first group consisted 
of samples with both high GPR40 status as well as high TG 

levels (GPR40:high+TG:high) and the rest of the samples 
constituted the second group. The two groups were compared 
with regard to stage, TG levels, and survival outcomes 
(Table III). The GPR40:high+TG:high group showed more 
advanced stage and shorter survival periods. Survival analysis 
showed that the GPR40:high+TG:high group showed worse 
prognosis compared to that of the other group (Fig. 3).

Table IV shows the results of univariate analysis of clini-
copathological parameters. The GPR40 expression status and 
GPR40+TG levels were the two parameters with the highest 
statistical significance, followed by liver metastasis (pM). 
Table V shows results of multivariate analysis; the GPR40 
expression status was highly statistically significant, followed 
by the GPR40+TG parameter, among the clinicopathological 
parameters analyzed.

Discussion

The incidence of CRC is on the rise in Japan (1). Life style, 
especially a western style diet, is implicated as an impor-
tant causative factor in CRC (2,3). Recent studies revealed 
a strong relationship between CRC and the metabolic 
syndrome (16,17) and showed that diabetes mellitus is a risk 
factor for CRC (18,19). Several factors linking CRC risk with 
diabetes have been proposed, such as increased expression of 
insulin‑like growth factors; oxidative stress (18); advanced 

Figure 1. Expression of GPR40 in colorectal cancer. GPR40 expression was 
examined by immunohistochemistry. (A) A case of tub2, stage IV, pT3, pN2, 
pM1 (liver). GPR40 expression was 10. (B) A case of tub1, stage II, pT3, pN0, 
pM0. GPR40 expression was 0.5. Scale bar, 100 µm. Pathological parameters 
were described according to the tumor, node, metastasis pathological clas-
sification system (31). GPR40, G‑protein coupled receptor 40.
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glycation end‑products (AGE; which may enhance malig-
nant potential of colorectal cells)  (5,20); and activation of 
the renin‑angiotensin system (21). Hypertriglyceridemia or 
hyper low‑density lipoproteinemia is associated with colonic 
adenomas, though the risk contribution of these factors is 
controversial (22,23).

The membrane‑bound receptors of LCFA (which are 
components of TGs) are G‑protein coupled receptors (GPCRs), 
of which GPR40 and GPR120 are well known (11,24). However, 
the differential biological activities of fatty acids cannot be 
fully explained by the activity of these receptors alone. To fully 
explore the spectrum of fatty acid functionality, the activities of 
cytoplasmic receptors, bioactive metabolites of fatty acids, and 
those of fatty acids integrated into the plasma membrane need 
to be studied (7,8,25). In a previous study on trans fatty acids, we 
showed that EA transactivates EGFR from GPR via c‑SRC to 
increase ‘stemness’ and induce the epidermal‑to‑mesenchymal 
transition in cancer cells (10). Oleic acid also transactivates 
EGFR via c‑SRC signaling  (26). The diverse activities of 
fatty acids might thus be a result of activation of multiple 
GPCR‑dependent and GPCR‑independent pathways.

In the present study, expression of GPR40 was associated 
with blood TG levels but not with blood LDL levels. The 
GPR40 expression was also associated with nodal metas-
tasis, distant metastasis (especially to the liver), stage, and 
poor prognosis. High GPR40 expression and high TG levels 
prognosticated worse survival outcomes in our study. These 
results suggest that GPR40 expression might be linked to CRC 
progression. Univariate analysis revealed that GPR40 expres-
sion status alone showed a stronger association with patient 
survival than did GPR40:high+TG:high status. This result 

Table I. Expression of GPR40 and clinicopathological 
parameters in 36 pT3 colorectal cancer cases.

	 GPR40 expressiona

	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Low	 High	 P‑value

n	 18	 18
GPR40 levels	 2.7	 6.7	 <0.0001
Age (mean ± SD)	 68.6±11.9	 69.1±10.8	 NS
Sex (M:F)	 8:10	 10:8	 NS
Histological gradeb

  G1	 6	 6
  G2	 12	 12	 NS
  pT3	 18	 18
  pN 0	 15	 3
  pN 1‑2	 3	 15	 0.0002
  pM 0	 18	 12
  pM 1	 0	 6	 0.0191
Stageb

  II	 15	 3
  III	 3	 9
  IV	 0	 6	 0.0002
TG (mean ± SD)	 121.9±23.9	 190.8±65.7	 0.0002
LDL (mean ± SD)	 124.2±15.7	 126.8±25.6	 NS

aGPR40 expression was calculated as the staining strength score 
(0‑2) multiplied by the staining area (0‑5), which yielded scores 
(0‑10). bPathological parameters were described according to the 
tumor, node, metastasis pathological classification system (32). 
G1, well differentiated; G2, moderately differentiated; pT3, tumor 
invades sub-serosal or sub-adventitial layer; pN  1‑2, metastasis in 
regional lymph nodes; pM1, metastasis confined to the liver. GPR40, 
G‑protein coupled receptor 40; TG, blood triglyceride (mg/ml); LDL, 
low‑density lipoprotein (mg/ml); NS, not significant; M, male; F, 
female; SD, standard deviation.

Figure 2. Association between GPR40 expression and TG or low‑density LDL 
levels. (A) Association between GPR40 expression and TG. (B) Association 
between GPR40 expression and LDL. The r value and P‑value were calculated 
by Spearman's regression model. GPR40, G‑protein coupled receptor 40; 
TG, triglyceride; LDL, low‑density lipoprotein.

Table II. Association between stage and TG or LDL in patients 
with colorectal cancer.

Parameter	 n	 TG	 LDL

Stagea

  II	 18	 124.8±36.0	 124.8±15.4
  III	 12	 177.2±49.2	 122.8±27.0
  IV	   6	 209.3±86.0	 133.2±24.0
P‑value		  0.0018	 NS

aPathological parameters were described according to the tumor, 
node, metastasis pathological classification system (32). TG, blood 
triglyceride (mg/ml); LDL, low‑density lipoprotein; NS, not significant.
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suggests that heterogeneity in LCFA content of TGs might 
be a confounding factor and may be masking the significant 
influence of GPR40 expression in the case of patients with a 
GPR40:high+TG:high status.

Our recent reports show different effect of some long chain 
fatty acids. Linoleic acid, EA and oleic acid are examined on 
their effects to cancer cells. Linoleic acid provides increased 
stemness with dormancy  (7). EA enhanced metastability 
by increased proliferative stemness (10). In. contrast, oleic 
acid does not increase metastability  (10). Univariate and 
multivariate analyses showed GPR40 is more significant than 
GPR40+TG. As described above, different fatty acid provides 
different effect. TGs is a mixture of many fatty acids, which 
might cancel the effects each other. Then it should be needed 
clarifying content of each fatty acid. It does not seem that 
GPR40 and TG levels in stage IV cases. In stage IV cases, 
other pro‑metastatic factors, such as growth factors might 
cause more relevant contributions to metastasis.

Our previous studies show that linoleic acid (an n‑6 LCFA) 
and EA (a trans fatty acid), enhance colon carcinogenesis or 
metastability of CRC (5,6,9,10), whereas docosahexaenoic acid 
(DHA) and eicosapentaenoic acid (EPA) (n‑3 LCFAs) suppress 
colon carcinogenesis and enhance efficacy of chemotherapy 
regimens (27). The n‑3 LCFAs also activate the hippo system 
via GPR40 and GPR120 to inhibit proliferation of CRC (28). 
Although blood TG level is widely utilized as a predictive 
clinical parameter, the identity of the fatty acids that constitute 
the TGs might be an important factor that determines the 
relationship between TGs and cancer risk.

Metabolic syndrome is a collection of risk factors, 
such as hypertension, higherglycemia, hyperlipidemia, 
and visceral fat based on insulin resistance  (29). Diets 
of patients with the metabolic syndrome are reported to 
contain fat with a high n‑6/n‑3 fatty acid ratio (30) as well 
as a high content of trans fatty acids (31). From these find-
ings, metabolic syndrome‑associated hypertriglyceridemia 
might be suggested to be pro‑tumoral for CRC. In the 
cases examined here, the blood TG level was associated 
with survival outcomes of the patients, which suggests that 

Figure 3. Overall survival of patients with colorectal cancer. Survival was 
compared between the two groups; GPR40:high+TG:high cases and the rest 
of the cases (the other cases). Survival analysis was performed by using the 
Kaplan‑Meier method along with the log‑rank test. TG, triglyceride; GPR40, 
G‑protein coupled receptor 40.

Table V. Multivariate analyses of clinicopathologic parameters.

	 Hazard	 Lower	 Upper
Parameter	 ratio	 95%	 95%	 P‑value

GPR40	 4.787	 1.453	 15.77	 0.01004
GPR40+TG	 2.649	 1.123	 6.249	 0.02613
(GPR40:high+
TG: high, others)
Stage (II, III, IV)a	 0.0627	 0.004189	 0.9387	 0.04488

aPathological parameters were described according to the tumor, 
node, metastasis pathological classification system (32); pN1‑2, 
metastasis in regional lymph nodes; pM1, metastasis confined to the 
liver. GPR40, G‑protein coupled receptor 40; TG, blood triglyceride 
(mg/ml).

Table III. Comparison of disease stage and survival between 
patient groups classified by TG and GPR40 expression status. 

	 GPR40:high	 Other
Group	 +TG:high	 cases	 P‑value

n	 13	 23
Stagea

  II	 1	 17	 0.0010
  III	 8	 4
  IV	 4	 2
TG	 216.9±58.4	 122.1±21.2	 <0.0001
Survival period	 15.6±5.4	 25.2±10.4	 0.0039
(months)

aPathological parameters were described according to the tumor, 
node, metastasis pathological classification system (32). GPR40, 
G‑protein coupled receptor 40; TG, blood triglyceride (mg/ml).

Table IV. Univariate analyses of clinicopathologic parameters.

Parameter	 Chi‑squared	 P‑value

Stagea

  II, III, IV	 11.3000	 0.000760
  pN (0,1‑2)	 14.0000	 0.000130
  pM (0,1)	 20.2000	 0.000007
TG (high, low)	 7.8700	 0.005000
GPR40	 18.7000	 0.000015
GPR40+TG 	 13.3000	 0.000270
(GPR40:high+TG:high, others)

aPathological parameters were described according to the tumor, 
node, metastasis pathological classification system (32); pN1‑2, 
metastasis in regional lymph nodes; pM1, metastasis confined to the 
liver. GPR40, G‑protein coupled receptor 40; TG, blood triglyceride 
(mg/ml).
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hypertriglyceridemia needs to be closely examined with 
reference to CRC progression.

The association between GPR40 with blood TG levels 
may imply that TGs induce GPR40 expression in CRC. In 
contrast, LCFAs suppress GPR40 expression in pancreatic 
islet beta cells to adversely affect diabetes  (12). The 
mechanism of regulation of GPR40 expression has not been 
fully elucidated, though LCFAs have been implicated. The 
signaling pathways leading to GPR40 overexpression and the 
effect of dyslipidemia on such signaling need to be examined 
in future studies.
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