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There was a clear trend of increased EphB1/2-
positive rate when tumor differentiation grade 
developed. The EphB1/2-positive rate was 
38.6% in poor-differentiated tumors, 42.0% in 
moderate-differentiated tumors and 50.0% in 
well-differentiated tumors. However, no signifi-
cant difference was found (P=0.476). Simil- 
arly, the EphB1/2-positive rate also increased  
with a progressed pN stage and pM stage, but  
still no significant difference (P=0.099 and 
P=0.196, respectively).

The association of the expression of EphB1/2 
and p-EphB1/2 (two proteins) with overall 
survival of NSCLC patients

The Kaplan-Meier method was used to calcu-
late the relationships between the expression 
levels of EphB1/2, p-EphB1/2 and patients’ 
5-year median survival rate (Figure 2). There 
was a trend that negative expression of Ep- 
hB1/2 was correlated with poor survival in 
NSCLC patients. However, no significant re- 
lationship was found (P=0.224, Figure 2A). 
Similarly, there was also no significant relation-
ship between p-EphB1/2 expression and over-
all survivals of NSCLC patients (P=0.747, Figure 
2B).

Afterwards, we performed subgroup analysis in 
patients with negative/moderate/positive ex- 

pressions of EphB1/2 (Figure 3). The results 
indicated that patients with negative EphB1/2 
expression had a shortened survival time in the 
subgroups of male (P=0.348, Figure 3B), ade-
nocarcinoma (P=0.180, Figure 3C), moderate/
well differentiation (P=0.307, Figure 3F), N0 
(P=0.102, Figure 3G), M0 (P=0.359, Figure 
3K). Nevertheless, no significant correlations 
were found. Moreover, no trends or significant 
differences were found in subgroups of female 
(P=0.148, Figure 3A), squamous cell carcino-
ma (P=0.709, Figure 3D), poor differentiation 
(P=0.977, Figure 3E), N1/2/3 (P=0.452, Figure 
3H), stage I/II (P=0.938, Figure 3I) or stage III/
IV (P=0.181, Figure 3J).

Meanwhile, we also performed subgroup an- 
alysis in patients with negative/moderate/posi-
tive expressions of p-EphB1/2 (Figure 4). A 
positive correlation was found between posi-
tive p-EphB1/2 expression and poor survival in 
female (P=0.001, Figure 4A). Furthermore, it 
was found that positive p-EphB1/2 expression 
was correlated with shortened survival time in 
subgroups of N1/2/3 (P=0.413, Figure 4H) and 
stage III/IV (P=0.367, Figure 4J), but no signifi-
cant relationship. In subgroups of male (Figure 
4B), adenocarcinoma (Figure 4C), squamous 
cell carcinoma (Figure 4D), poor differentiation 
(Figure 4E), moderate/well differentiation (Fig- 
ure 4F), N0 (Figure 4G) and stage I/II (Figure 
4I), no significant differences were found.

Interestingly, we didn’t draw subgroup analysis 
in patients with distant metastasis because of 
the small sample size. There were only 7 pa- 
tients in M1 subgroup, among which 2 patients 
with moderate EphB1/2 expression and 5 pa- 
tients with positive EphB1/2 expression. No pa- 
tients with negative EphB1/2 expression were 
found in M1 subgroup. Similarly, subgroup anal-
ysis was not conducted according to differenti-
ation status, because no patients with positive 
p-EphB1/2 expression were found in subgroup 
of high differentiation (Figure 4E).

Multivariate analysis

The multivariate Cox regression analysis was 
used to further evaluate the correlation of 
EphB1/2 and p-EphB1/2 expressions and clini-
cal features with survival rate. As shown in 
Table 3, lymph node metastasis (P=0.001), 
TNM stage (P=0.000) and EphB1/2 expression 
(P=0.038) were independently associated with 

Figure 2. Correlation between EphB1/2 or p-EphB1/2 
expression and overall survival in non-small cell lung 
cancer (NSCLC). A. Survival of EphB1/2 negative, 
moderate and positive expression; B. Survival of p-
EphB1/2 negative, moderate and positive expres-
sion.
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Figure 3. Kaplan-Meier curves for patients’ survival according to EphB1/2 expression. The survival analysis are stratified by EphB1/2-negative, EphB1/2-moderate 
and EphB1/2-positive expression in female (A), male (B), ADC (C), SCC (D), poor differentiation (E), moderate/well differentiation (F), N0 (G), N1/2/3 (H), Stage I/II 
(I), stage III/IV (J), M0 (K), respectively.
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Figure 4. Kaplan-Meier curves for patients’ survival according to p-EphB1/2 expression. The survival analysis are stratified by p-EphB1/2-negative, EphB1/2-
moderate and EphB1/2-positive expression in female (A), male (B), ADC (C), SCC (D), poor differentiation (E), moderate/well differentiation (F), N0 (G), N1/2/3 (H), 
Stage I/II (I), stage III/IV (J), M0 (K), respectively.
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overall survival, but p-EphB1/2 expression had 
no significant relationship with survival (P= 
0.118).

Discussion

In this study, immunohistochemistry was used 
to detect the expression status of EphB1/2 and 
p-EphB1/2 in 156 NSCLC specimens and 28 
normal lung tissue samples. Protein level of 
EphB1/2 was significantly increased in lung 
cancer tissue, but no difference was found in 
p-EphB1/2 expression. The correlations bet- 
ween their expression levels and patients’ clini-
copathological characteristics as well as sur-
vival status were also analyzed. In these speci-
mens, 32.05% and 18.59% were detected 
moderate expression for EphB1/2 and 
p-EphB1/2; while 44.87% and 3.85% were 
detected positive expression. Based on our 
results, statistically significant difference was 
not found between EphB1/2, p-EphB1/2 ex- 
pression and clinicopathological characteris-
tics. Neither did it be detected between their 
expression and overall survival. In subgroup 
analysis, only p-EphB1/2 expression was found 
correlated with poor survival in female lung 
cancer patients. Nevertheless, we found a cl- 
ear trend that EphB1/2 positive rate increased 
when tumor differentiation level, pN or pM 
stage developed. Furthermore, we also noti- 
ced a poor survival in patients with negative 
EphB1/2 expression.

To our knowledge, various studies have empha-
sized the importance of EphB1 and EphB2 in 
organism function development. Both EphB1 
and B2 played critical roles in the formation of 
ipsilateral projection in optic chiasm [26, 27]. 
Besides, EphB1 was related to bone cancer 

pain [28, 29]. Meanwhile, they also partici- 
pated in tumorigenesis. In EphB1-methylated 
acute myelogenous leukemia (AML) cell, the 
reintroduction of EphB1 expression enhanced 
the cascade of p53, p21, ATR and CDK1, then 
enforced the programmed cell death [30]. In 
another study using a recellularized human 
colon model, EphB1 and EphB2 were implicat-
ed in colorectal cancer progression and identi-
fied as invasion-driver genes [31]. 

According to the present study, EphB1/2 was 
associated with a favorable survival. This con-
clusion has been demonstrated in previous 
studies. In serous ovarian carcinoma, loss of 
EphB1 expression was associated with a sig-
nificantly worse overall survival [20]. It was also 
demonstrated that EphB1 was significantly 
depressed in pediatric AML patients with poor 
overall survival [30]. In lung cancer, q-PCR was 
further used to identify EphB1 gene’s role in 
predicting progression [32]. However, no effec-
tive evidence has been found to support EphB2 
as a survival predictor. The correlation between 
EphB1/2 and survival might be due to EphB1/2 
gene mutation. In Satu’s study, EphB1 and 
EphB2 were detected frequently mutated in 
lung tumor sample. Furthermore, these muta-
tions were often together with other therapeu-
tic targets of lung cancer, including EGFR and 
KRAS [33]. Identical results were also conclud-
ed in NSCLC, which demonstrated that genom-
ic alteration was found commonly in EphB1 
gene [34].

The present study has also demonstrated that 
p-EphB1/2 was correlated to poor survival in 
NSCLC. In addition, we found an interesting 
phenomenon that p-EphB1/2 positive sam- 
ple was infrequent in lung cancer, and no 

Table 3. Multivariate Cox regression analysis of overall survival
Variables SE Exp (B) p 95% CI for exp (B)
Gender 0.345 0.546 0.080 0.278-1.074
Age (<40/40-65/≥65) 0.287 0.754 0.324 0.430-1.322
Histological types (SCC/ADC/Others) 0.311 0.913 0.771 0.496-1.682
Differentiation status (low/moderate to well) 0.301 1.354 0.314 0.750-2.445
N stage (N0/N1, N2, N3) 0.285 0.382 0.001** 0.218-0.668
M stage (M0/M1) 0.558 1.937 0.236 0.649-5.779
TNM stage (1+2/3+4) 0.268 3.458 0.000** 2.047-5.842
EphB1/2 (negative/moderate/positive) 0.172 0.7 0.038* 0.499-0.980
p-EphB1/2 (negative/moderate/positive) 0.283 1.557 0.118 0.894-2.711
SCC, squamous cell carcinoma; ADC, adenocarcinoma; *P<0.05; **P<0.01.
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p-EphB1/2 positive sample was detected in 
patients with low differentiation level. Therefore, 
we postulated that EphB1/2 phosphorylation 
played a critical role in NSCLC differentiation. 
However, this hypothesis couldn’t be properly 
justified for limited sample size in the present 
study. Furthermore, we didn’t find related 
researches but a study in AML. It found that 
EphB1 protein phosphorylation was significant-
ly depressed in pediatric AML samples [30].

Meanwhile, several limitations existed in the 
present study. Firstly, the sample size was re- 
latively small, especially in the subgroup of 
p-EphB1/2 positive expression. Then, the type, 
dilution of primary antibody and the score  
system of immunohistochemistry weren’t stan-
dardized, leading to the disagreements be- 
tween different studies. Therefore, an opti-
mized cohort study with a larger sample size 
and a unified methodology is needed to further 
demonstrate the relationships of EphB1/2, 
p-EphB1/2 expression and the survival of lung 
cancer patients.
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