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Abstract

AIM: To investigate fibroblast growth factor receptor 4 (FGFR4) protein expression in Chinese patients with resectable gastric cancer (GC) and the association with clinicopathological characteristics and survival.
METHODS: One hundred and seventy-five GC patients who underwent curative surgical procedures were enrolled in this study. The protein expression of FGFR4 in formalin-fixed, paraffin-embedded (FFPE) GC tissues was determined by immunohistochemical (IHC) analysis. Patient cli​nicopathological data and survival information were also collected and 2 statistical analysis was performed to analyze FGFR4 protein expression in the subgroups with differing clinicopathological characteristics including; gender, age, tumor location, differentiation, tumor-node-metastasis stage, macroscopic type, depth of invasion, lymph node metastases, distant metastasis, neural invasion and vascular invasion. Furthermore, some com​mon molecular markers of GC in our cancer center, inclu​ding p53, p27, topoisomerase Ⅱ (Topo Ⅱ) were also determined by IHC and their association with FGFR4 protein expression evaluated. The probability of survival for different subgroups with different clinicopathological characteristics was calculated using the Kaplan-Meier method and survival curves plotted using the log rank test.

RESULTS: Seventy seven cases (44%) were found to have high expression of FGFR4 protein. Significantly different FGFR4 expression was observed between gastric cancers with differing expression of Topo Ⅱ (log rank 2 = 9.4760, P = 0.0236). No significant differences were observed between subgroups defined by any of the other clinicopathological characteristics. The median survival time of the FGFR4 high expression (77 cases) and low expression groups (98 cases) was 27 mo and 39 mo, respectively. The five-year survival rates and median survival times of gastric cancers with high FGFR4 expression were worse than those with low expression (30.8% vs 39.2%, 27 mo vs 39 mo), respectively, however, no significant difference was observed in survival time (log rank 2 = 1.0477, P = 0.3060). Survival analysis revealed that high expression of FGFR4 was a predictor of poor outcome in GC pa​tients if the tumor was small (less than or equal to 3 cm in size) (log rank 2 = 5.5033, P = 0.0190), well differentiated (log rank 2 = 7.9757, P = 0.0047), and of T1 or T2 stage invasion depth (log rank 2 = 4.8827, P = 0.0271).

CONCLUSION: Our results suggest that high tumor expression of FGFR4 protein is not an independent risk factor for GC cancer initiation, but is a useful prognostic marker for GC patients when the tumor is relatively small, well differentiated, or in the early stages of invasion.
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Core tip: This study investigated the possible contributions of fibroblast growth factor receptor 4 (FGFR4) protein expression as a risk factor for gastric cancer (GC), and the associations between protein expression and clinicopathological parameters. The results suggested that FGFR4 protein expression may correlate with the expression of Topo Ⅱ. Furthermore, we demonstrated that FGFR4 protein expression is not a risk factor for GC initiation, but may be a useful prognostic marker for GC patients with tumors which are relatively small, well differentiated, or in the early stages of invasion.
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INTRODUCTION

The overall survival of patients with gastric cancer (GC) continues to improve due to the introduction of multidisciplinary treatment approaches and the iden​tification of novel targeted agents; however, GC re​mains the fourth most commonly diagnosed cancer and the second leading cause of cancer-related deaths worldwide[1,2]. It remains of great clinical importance to identify new biomarkers for early diagnosis, targeted treatment and prognostic evaluation in gastric cancer.

The human fibroblast growth factor receptor (FGFR) 4 protein belongs to the FGFR family of receptor tyrosine kinases, which are involved in the regulation of diverse cellular processes including cell growth, differentiation, survival, and migration[3]. Targeting of such receptors with novel drugs is a proven therapeutic strategy, as exemplified by the clinical success of trastuzumab in treating patients with HER2 amplified breast cancer[4]. The upregulation of FGFR4 protein expression occurs in prostate[5], breast[6], pancreatic[7], renal[8] and ovarian cancers[9], and has been associated with resistance to chemotherapy in breast cancer[10]. A growing body of research indicates that inhibition of the FGF pathway may present an effective therapeutic option for cancer. Moreover, activation of the FGFR pathway may, in some cases, provide a mechanism of resistance against current targeted and antiangiogenic drugs[11].

A recent report showed that high expression of FGFR4 protein accelerated the progression of advanced GC and might be associated with poor disease prog​nosis in GC patients[12]. To our knowledge, this is the only report on the association between FGFR4 protein expression and GC progression in Chinese patients, and therefore requires further confirmation. Impor​tantly, to date no studies have been conducted on the correlation between FGFR4 protein expression and the risk of GC. In this study, we investigated the expression of FGFR4 protein in the context of clini​copathological features and patient prognosis, using an expanded population of 175 Chinese patients with resectable GC.

MATERIALS AND METHODS
Patients

A retrospective cohort study was conducted and included 175 GC patients who underwent curative surgery at Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, from August 2006 to March 2009. We reviewed the medical charts and pathological records for clinicopathological para​meters such as age, gender, histological subtype and pathological stage. Formalin-fixed, paraffin-em​bedded samples of tumors were evaluated for FGFR4 protein using immunohistochemical (IHC) analysis. None of the patients had undergone preoperative chemotherapy, radiation or targeted therapy. The study included 50 women and 125 men aged 28 to 85 years. The median age was 62 years. The tumor sample characteristics of all 175 cases are shown in Table 1. Of all the tumors examined, 32 (18.28%) were located in the cardiac region, 71 (40.58%) in the body, and 72 (41.14%) in the pylorus. 76 (43.43%) cases were poorly differentiated (grades Ⅰ and Ⅱ), and 99 (56.57%) cases were well differentiated (grades Ⅲ and Ⅳ). tumor-node-metastasis (TNM) classification revealed that 37 cases were stage Ⅰ (21.14%), 45 were stage Ⅱ (25.71%), 69 were stage Ⅲ (39.43%) and 24 were stage Ⅳ (13.71%). Clinical stage was determined according to the Union for International Cancer Control TNM staging system, and tumor grade was based on the World Health Organization classification. Postoperative follow-up ended in March, 2014. 

Immunohistochemical staining 

Tissue sections of paraffin-embedded formalin-fixed tissue blocks were deparaffinized with xylene for 5 min, followed by two washes with 100% ethanol for 10 min each. The slides were then incubated in 95% ethanol for 10 min and washed twice in dH2O for 5 min. Antigen retrieval was performed by placing the slides in 10 mmol/L citrate buffer (pH 6.0) and microwave treatment for 15 min. Tissue sections were cooled to room temperature (RT), and washed with phosphate-buffered saline (PBS) and distilled water. IHC was carried out on 4-m sections using specific antibodies against FGFR4 (sc-124, Santa Cruz), p53 (sc-126, Santa Cruz), p27 (sc-393380, Santa Cruz), and Topo Ⅱ (sc-65743, Santa Cruz). IHC samples were examined by two pathologists who were experienced in gastrointestinal cancers and unaware of the clinical information. Immunostains were standardized using appropriate positive and negative controls for each antibody.

The FGFR4 was evaluated according to both the signal intensity and the percentage of stained cells. The signal intensity was scored as negative (0), weak (1), moderate (2) or strong (3). When the per​centage of FGFR4 immune-positive tumor cells was considered, a score of 1 was given when < 10% of cells were positive; 2 when 10%-50% of cells were positive and 3 when > 50% of cells were positive. Both scores were multiplied and the resulting score was used to categorize FGFR4 expression as low expression (< 3) or high expression (> 3).

The expression of p53, p27 and Topo Ⅱ were assessed by determining the number of positively stained nuclei, with less than 10% of stained cells indicating a negative result. A score of 1 was given when 10%-30% of the cells stained positively. Scores of 2 or 3 were given when 30%-50% or > 50% of the cells stained positively, respectively.

Statistical analysis

Pearson 2 statistical analysis was performed to assess FGFR4 protein expression in the subgroups with differing clinicopathological characteristics. The probability of survival for different subgroups was calculated using the Kaplan-Meier method and the survival curves were plotted using the log rank test. All statistics were performed using 2-sided analysis, with a significance level of P < 0.05, using the “SPSS 19.0” statistical software package.

RESULTS

FGFR 4 protein expression

According to the criteria described previously, among 175 cases, 77 (44%) had high FGFR4 protein expre​ssion (Figure 1A) and 98 (56%) had low expression (Figure 1B).

Correlation of FGFR4 protein expression with clinicopathological characteristics

A significant correlation was observed between FGFR4 protein expression and Topo Ⅱ expression in gastric cancers (log rank 2 = 9.4760, P = 0.0236). No relationships were observed between FGFR4 expression and gender, age, tumor size, tumor loca​tion, tumor differentiation, macroscopic type, p53 status, p27 status or TNM GC classification (P > 0.05; Table 1). Furthermore, within the subgroups, no relationships were observed between FGFR4 protein expression and depth of invasion, lymph node meta​stasis, distant metastasis, neural invasion or vascular invasion (Table 1). 

Survival analysis

The five-year survival rate for patients with tumors showing low expression of FGFR4 was 39.2%, and the median survival time was 39 mo. The five-year survival rate for patients with tumors showing high FGFR4 expression was 30.8%, and median survival time was 27 mo. However, analysis of the entire patient cohort using Kaplan-Meier survival analysis showed no difference in survival between patients with high and low FGFR4 expressing tumors (log rank 2 = 1.0477, P = 0.3060). When the patient population was stratified by clinicopathological para​meters, such as age at diagnosis, gender, tumor size, differentiation, pathological stage, neural or vascular invasion, we found that the expression of FGFR4 protein was associated with a shorter survival time in GC patients if the tumor was small (less than or equal to 3 cm in size) (log rank 2 = 5.5033, P = 0.0190, Figure 2A), well differentiated (log rank 2 = 7.9757, P = 0.0047, Figure 2B), or of T1 or T2 stage (log rank 2= 4.8827, P = 0.0271, Figure 2C). No survival differences were observed in any of the other subgroups (Table 2). 

DISCUSSION

In this single-center study, we investigated the FGFR4 protein expression status of 175 resectable GC specimens using IHC analysis. Herein, we focused on the role of FGFR4 as a prognostic marker for predicting cancer behavior and clinical outcome in GC patients undergoing curative surgery. To our knowledge, this is the largest study conducted to date.

Our data showed that 44% of cases (77) exhi​bited high FGFR4 protein expression, a result which is in keeping with a similarly high expression rate of around 38%, documented in a previous study which also reported that GC tissues have higher FGFR4 protein expression than normal tissues[13]. Over​expression of FGFR4 protein has been described in various malignancies and has been shown to play an important biological role. Roidl et al[14] in 2009 demonstrated that FGFR4 expression is up-regulated in response to doxorubicin treatment in apoptosis-resistant cancer cell clones. Turkington et al[15] in 2014 demonstrated that FGFR4 has an important role in resistance to oxaliplatin and 5-FU treatment in a range of colorectal cancer cell line models, whilst Zaid et al[9] in 2013 demonstrated that gene silencing of FGFR4 and inhibition of ligand-receptor binding both significantly decreased ovarian tumor growth both in vitro and in vivo. Recently, a study using a combination of the FGFR4 inhibitor, PD173074, and 5-fluorouracil showed an anti-proliferative and pro-apoptotic effect in GC cells in vitro[16]. Targeting gastric cancers with high levels of FGFR4 protein ex​pression may represent a new therapeutic modality.

In our 175 patient cohort, no relationships were observed between FGFR4 protein expression and age, gender, tumor location, tumor differentiation, macroscopic type, TNM classification or other clinicopathological characteristics (P > 0.05). This is in keeping with similar data from several published studies on GC, hepatocellular carcinoma[17] and other tumor types. Results from earlier studies also showed that FGFR4 expression correlated signifi​cantly with the expression of human epidermal receptor 2 (HER-2), p21, and proliferating cell nu​clear antigen (PCNA)[13]. In our study, we found that FGFR4 expression correlated positively with Topo Ⅱ expression, but not with p53 or p27. 

Topo Ⅱ is a nuclear enzyme which modulates the topology of chromosomal DNA by causing transient double-stranded DNA breaks. This enzyme plays a key role in a number of DNA-related processes[18], is essential for cell growth and is typically expressed at high levels in rapidly growing cancer cells[19]. Notably, the fact that specific enzymatic inhibition of Topo Ⅱ results in significant antitumor activity confirms that Topo Ⅱ is an important target for anticancer agents[20]. Furthermore, reports have also shown that Topo Ⅱ is involved in multiple mechanisms of drug resistance in primary gastric cardiac adeno​carcinoma[21]. Hence, we suggest that the correlation of high FGFR4 and Topo Ⅱ protein expression may, in part, explain the relatively poor prognosis for GC patients. Clearly, the underlying molecular me​chanisms involved are complex and require further investigation.

In our study, the median survival time and 5-year survival rate for patients with high FGFR4 protein expression were both worse than those with low expression. However, no statistically significant diffe​rences were observed (log rank 2 = 1.0477, P = 0.3060). These findings agree with the analysis of 94 GC patients performed by Ye et al[12] in 2012. We postulate that the up-regulation of FGFR4 may contribute to an antiapoptotic effect in GC cells[13], with similar data reported in hepatocellular car​cinoma[22] and colorectal cancer[23].

Notably, we observed significant statistical di​fferences in FGFR protein expression following strati​fication of tumors by size, differentiation, and invasion depth (P < 0.05). The high expression of FGFR4 appears to play an important role in the prognosis of GC with fewer other risk factors including small tumor size, degree of differentiation and early stage invasive depth. Our results demonstrate that FGFR4 protein expression is a prognostic factor in relatively small (less than 3 cm), well-differentiated (grades Ⅰ and Ⅱ) and early stage invasive (stages Ⅰ and Ⅱ) GC tumors.

The role of FGFR4 as a cancer prognostic factor, however, still remains controversial. Li et al[24] in 2014 investigated 316 colorectal cancer cases and concluded that FGFR4 positivity was significantly correlated with shorter disease-free survival (DFS) and overall survival (OS). A further study by Brito et al[25] in 2012 demonstrated that FGFR4 protein overexpression and gene amplification were predi​ctors of poor outcome in adult patients with adreno​cortical tumors. In contrast, Dutra et al[26] in 2012 showed that low FGFR4 protein expression was related to lymph node positivity and premature relapse of disease, as well as disease-related death after analyzing 75 patients with squamous cell carcinoma of the mouth and oropharynx. Similar disagreement also occurs in GC. Ye et al[12] in 2012 analyzed 94 GC cases and subgroup analysis illustrated that in GC patients with Ⅲ/Ⅳ stage, the prognosis of patients with high expression of FGFR4 was much poorer. This is in contrast to the data presented here. We suggest that the smaller sample size in the study by Ye et al[12] may explain these conflicting results. Our study included a higher proportion of patients with large tumors and late-stage disease compared to the study by Ye et al[12]. A further possible explanation for this may be underestimation of the biomarker heterogeneity of GC. Clearly, further research with larger sample sizes is required to explain the full impact of FGFR4 on the development and prognosis of GC. 

In conclusion, to date, this is the largest study focusing on the expression of FGFR4 protein in GC. Notably, our data show that high FGFR4 protein expression is related to the expression of Topo Ⅱ and poor overall survival in patients harboring relatively small (≤ 3 cm), well-differentiated tumors with early stage invasive depth. Overall, this study suggests that FGFR4 may represent an attractive therapeutic target in a subgroup of gastric cancers.
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FIGURE LEGENDS

Figure 1  Immunohistochemical analysis of fibroblast growth factor receptor 4 protein expression (× 200). A: High expression; B: Low expression. 
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Figure 2  Significant difference was found between patients with high and low fibroblast growth factor receptor 4 protein expression after stratified Kaplan-Meier survival analysis. A: Patients with tumor size ≤ 3 cm; B: Patients with well-differentiated gastric cancer; C: Patients with gastric cancer classified as stage T1 or T2.

[image: image2.png]Survival distribution function

Survival distribution function

(o]

Survival distribution function

FGFR4 expression
High

- Low
O High-censored
~+ Low-censored

FGFR4 expression
High

Low
High-censored
Low-censored

foy

tmo

FGFR4 expression
High

- Low

© High-censored

—+ Low-censored

0 10 20 30 40

tmo






Table 1  Correlation of fibroblast growth factor receptor 4 expression with clinicopathological characteristics  n (%)


Clinicopathological characteristics�
n�
FGFR4 positive�
FGFR4 negative�
2�
P value�
�
�
175�
77 (44.00)�
98 (56.00)�
�
�
�
Gender�
�
�
�
0.1140 �
0.8663 �
�
   Male�
125�
  56 (44.8)�
69 (55.20)�
�
�
�
   Female�
  50�
21 (42.00)�
29 (58.00)�
�
�
�
Age (yr)�
�
�
�
0.9211 �
1.0000 �
�
   < 60�
  72�
32 (44.44)�
40 (55.56)�
�
�
�
   ≥ 60�
103�
45 (43.69)�
58 (56.31)�
�
�
�
Tumor size�
�
�
�
0.1400�
0.1518�
�
   ≤ 3 cm�
  60�
31 (51.67)�
29 (48.33)�
�
�
�
   > 3 cm�
115�
46 (40.00)�
69 (60.00)�
�
�
�
Tumor location�
�
�
�
1.3942 �
0.4980 �
�
   U�
  32�
17 (53.13)�
15 (46.88)�
�
�
�
   M�
  71�
29 (40.85)�
42 (59.15)�
�
�
�
   L�
  72�
31 (43.06)�
41 (56.94)�
�
�
�
Tumor differentiation�
�
�
�
0.2191 �
0.1129 �
�
   Poor�
  76�
29 (38.16)�
47 (61.84)�
�
�
�
   Well�
  99�
48 (48.48)�
51 (51.52)�
�
�
�
Macroscopic type�
�
�
�
�
�
�
   EGC�
  21�
  8 (38.10)�
13 (61.90)�
9.3842 �
0.0522 �
�
   Ⅰ�
    9�
  3 (33.33)�
  6 (66.67)�
�
�
�
   Ⅱ�
    5�
  3 (60.00)�
  2 (40.00)�
�
�
�
   Ⅲ�
127�
62 (48.82)�
65 (51.18)�
�
�
�
   Ⅳ�
  13�
1 (7.69)�
12 (92.31)�
�
�
�
TNM stages�
�
�
�
0.3499 �
0.9504 �
�
   Ⅰ �
  37�
15 (40.54)�
22 (59.46)�
�
�
�
   Ⅱ�
  45�
21 (46.67)�
24 (53.33)�
�
�
�
   Ⅲ�
  69�
30 (43.48)�
39 (56.52)�
�
�
�
   Ⅳ�
  24�
11 (45.83)�
13 (54.17)�
�
�
�
T�
�
�
�
0.9523 �
0.8128 �
�
   1�
  21�
  8 (38.10)�
13 (61.90)�
�
�
�
   2�
  29�
14 (48.28)�
15 (51.72)�
�
�
�
   3�
  64�
30 (46.88)�
34 (53.13)�
�
�
�
   4�
  61�
25 (40.98)�
36 (59.02)�
�
�
�
N�
�
�
�
1.8160 �
0.6115 �
�
   0�
  55�
27 (49.09)�
28 (50.91)�
�
�
�
   1�
  32�
11 (34.38)�
21 (65.63)�
�
�
�
   2�
  24�
11 (45.83)�
13 (54.17)�
�
�
�
   3�
  64�
28 (43.75)�
36 (56.25)�
�
�
�
M�
�
�
�
0.0379 �
1.0000 �
�
   0�
151�
66 (43.71)�
85 (56.29)�
�
�
�
   1�
  24�
11 (45.83)�
13 (54.17)�
�
�
�
Neural invasion�
�
�
�
0.7576 �
0.5146 �
�
   Yes�
  25�
  9 (36.00)�
16 (64.00)�
�
�
�
   No�
150�
68 (45.33)�
82 (54.67)�
�
�
�
Vascular invasion�
�
�
�
0.4473 �
0.2356 �
�
   Yes�
  35�
13 (37.14)�
22 (62.86)�
�
�
�
   No�
140�
64 (45.71)�
76 (54.29)�
�
�
�
P53�
�
�
�
3.0941 �
0.3773 �
�
   0�
  72�
37 (51.39)�
35 (48.61)�
�
�
�
   1�
  43�
16 (37.21)�
27 (62.79)�
�
�
�
   2�
  20�
  7 (35.00)�
13 (65.00)�
�
�
�
   3�
  40�
17 (42.50)�
23 (57.50)�
�
�
�
P27�
�
�
�
0.9924 �
0.8031 �
�
   0�
  87�
37 (42.53)�
50 (57.47)�
�
�
�
   1�
  72�
34 (47.22)�
38 (52.78)�
�
�
�
   2�
  12�
  4 (33.33)�
8 (66.67)�
�
�
�
   3�
    4�
  2 (50.00)�
2 (50.00)�
�
�
�
Topo Ⅱ�
�
�
�
9.4760 �
0.0236�
�
   0�
  83�
29 (34.94)�
54 (65.06)�
�
�
�
   1�
  66�
31 (46.97)�
35 (53.03)�
�
�
�
   2�
  25�
14 (60.87)�
  9 (39.13)�
�
�
�
   3�
    3�
    3 (100)�
0 (0)�
�
�
�
FGFR4: fibroblast growth factor receptor 4; TNM: tumor-node-metastasis. 





Table 2  Relationship between different clinicopathological characteristics and prognosis


Clinicopathological characteristics�
FGFR4 positive�
FGFR4 negative�
2�
P value�
�
�
Median survival time (mo)�
5-yr survival rate�
Median survival time (mo)�
5-yr survival rate�
�
�
�
Gender�
�
�
�
�
�
�
�
   Male�
27�
27.4 �
47�
36.7 �
1.1198 �
0.2900 �
�
   Female�
43�
42.2 �
46�
44.8 �
0.0000 �
0.9967 �
�
Age (yr)�
�
�
�
�
�
�
�
   < 60�
31�
23.9 �
35�
30.0 �
0.4080 �
0.5230 �
�
   ≥ 60�
44�
36.1 �
52�
46.0 �
0.6206 �
0.4308 �
�
Tumor size�
�
�
�
�
�
�
�
   ≤ 3 cm�
42�
40.4 �
60�
69.0 �
5.5033 �
0.0190 �
�
   > 3 cm�
22�
24.8 �
24�
26.2 �
0.0746 �
0.7848 �
�
Tumor location�
�
�
�
�
�
�
�
   U�
18�
31.1 �
38�
31.4 �
0.7164 �
0.3973 �
�
   M�
43�
31.5 �
46�
38.1 �
0.0225 �
0.8807 �
�
   L�
35�
29.1 �
52�
42.5 �
1.1274 �
0.2883 �
�
Tumor differentiation�
�
�
�
�
�
�
�
   Poor�
17�
23.4 �
35�
20.1 �
2.2622 �
0.1326 �
�
   Well�
31�
47.0 �
56�
62.1 �
7.9757 �
0.0047 �
�
TNM stages�
�
�
�
�
�
�
�
   Ⅰ + Ⅱ�
56�
57.7 �
60�
69.6 �
1.3128 �
0.2519 �
�
   Ⅲ + Ⅳ�
15�
  3.5 �
19�
10.6 �
0.5328 �
0.4654 �
�
T�
�
�
�
�
�
�
�
   T1 + T2�
54�
55.8 �
60�
82.1 �
4.8827 �
0.0271 �
�
   T3 + T4�
22�
19.4 �
18�
21.3 �
0.0479 �
0.8268 �
�
N�
�
�
�
�
�
�
�
   N0�
58�
67.4 �
60�
75.0 �
0.4856 �
0.4859�
�
   N1 + N2 + N3�
18�
10.1 �
25�
24.3 �
2.5385 �
0.1111 �
�
M�
�
�
�
�
�
�
�
   0�
43�
35.3 �
52�
45.4 �
1.2078 �
0.2718 �
�
   1�
  9�
  0.0 �
12�
0.0 �
0.4042 �
0.5249 �
�
Neural Ⅰ invasion�
�
�
�
�
�
�
�
   Yes�
19�
38.9 �
56�
18.8 �
2.1949 �
0.1385 �
�
   No�
36�
30.2 �
49�
43.3 �
3.1118 �
0.0777 �
�
Vascular Ⅰ invasion�
�
�
�
�
�
�
�
   Yes�
21�
13.8 �
22�
14.3 �
0.0507 �
0.8219 �
�
   No�
42�
34.0 �
54�
46.2 �
1.7283 �
0.1886 �
�
FGFR4: fibroblast growth factor receptor 4; TNM: tumor-node-metastasis.
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