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Aim: To explore the expression and clinical significance of ecotropic viral integration site-1 

(EVI1) of lung squamous cell cancer (SCC).

Methods: The expression of EVI1 in SCC was detected by immunohistochemistry and the 

validation cohort was divided into EVI1 high-expression group and low-expression group 

according to the cutoff of immunohistochemical score. The correlations between EVI1 expres-

sion and the clinicopathological factors were analyzed by χ2 test. The relation between EVI1 

expression and overall survival rate was evaluated by univariate analysis with Kaplan–Meier 

method. The independent prognostic factor was identified by multivariate analysis with Cox 

regression model.

Results: In this study, the EVI1 high-expression percentage was 32.32% (53/164). EVI1 

high expression was significantly associated with a poorer overall 5-year survival rate of SCC 

(P=0.021). Moreover, EVI1 high expression was identified as an independent prognostic factor 

of SCC, predicting the unfavorable prognosis (P=0.013).

Conclusion: High expression of EVI1 was significantly associated with a poorer prognosis 

and it was identified as an independent prognostic factor of SCC.

Keywords: ecotropic viral integration site-1, lung squamous cell cancer, biomarker, prognosis, 

immunohistochemistry, overall survival rate

Introduction
Lung cancer is becoming a more and more critical public health problem and medical 

insurance burden, resulting in the largest number of cancer-related deaths worldwide.1 

Approximately 1,590,000 patients die of lung cancer in the world every year.2 Due to 

severe air pollution, the mortality and morbidity of lung cancer are much more criti-

cal in developing countries like China and India. Pathologically, non-small cell lung 

cancer (NSCLC) takes up ~80%–85% in lung cancer, including two main subtypes, 

the adenocarcinoma (AC) and squamous cell cancer (SCC). The former type occupies 

~40% and the latter type accounts for 25%–30% in all kinds of lung cancers.3 Although 

surgical techniques and adjuvant therapies have improved remarkably, the 5-year 

overall survival rate of lung cancer is still very unsatisfactory, remaining 10%–15%.1 

There is an urgent need for effective biomarkers of lung cancer, because of the ability 

to help identify high-risk patients, facilitate the application of optimal treatment, and 

improve the overall survival rate.

Ecotropic viral integration site-1 (EVI1) is identified as an oncoprotein mostly in 

hematological malignancies such as acute myelogenous leukemia (AML) and myelo-

dysplastic syndrome (MDS). Frequent activation of EVI gene could be observed for 

intrachromosomal or interchromosomal rearrangements in patients with AML or MDS. 

EVI1 was also demonstrated to regulate lots of cellular processes in tumorigenesis 
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and progression, including cell proliferation, transforma-

tion, differentiation, and survival, especially in leukemic 

cells.4–8 In solid tumors, such as glioblastoma and prostate 

cancer, EVI1 was also reported to be involved in progres-

sion or prognosis.7,9 In SCC, the amplification of chromo-

some 3q26.2–q29 was frequently observed.10 This region  

(3q26.2–q29) included the location of EVI1 gene, indicating 

the possible oncogenic role of EVI1 in lung cancer, especially 

in SCC. But that study focused on the gene level and could not 

provide the direct evidence of EVI1 protein as an oncoprotein 

in SCC.10 In conclusion, the expression, intracellular location, 

and function of EVI1 have not been explored in SCC.

Although SCC and AC are included in NSCLC with 

a similar treatment strategy and outcome, their biological 

features are different.11 Based on the previous indication 

that the region containing EVI1 gene was amplified in 

SCC,10 it was suspected that EVI1 might be involved in SCC 

progression or prognosis. Therefore, the expression of EVI1 

was detected in 164 cases of SCC with immunohistochem-

istry (IHC) and the clinical and prognostic significance of 

EVI1 in SCC was evaluated further.

Patients and methods
Patients and follow-ups
This study was reviewed and approved by the Ethics 

Committee of Linyi People’s Hospital. The primary cohort 

consisted of 461 patients diagnosed with SCC in the medical 

center of Linyi People’s Hospital, and the validation cohort 

was selected from the primary cohort based on the following 

criteria: 1) available paraffin-embedded tissues; 2) no 

adjuvant chemotherapy or radiation therapy before or after 

surgery; and 3) radical section of the tumor. According to the 

above criteria, a total of 164 SCC patients were selected for 

the validation cohort. All the samples were obtained from the 

pathology department with prior written informed consent of 

patients’ family for this study. The tissue samples were sliced 

and stained with hematoxylin-eosin for double confirmation 

of diagnosis and selection of IHC area. The pathological 

tumor-node-metastasis (pTNM) stage of SCC was identified 

by the seventh American Joint Committee on Cancer/Union 

for International Cancer Control staging system (2009).

ihc
The protocol of IHC staining was performed according to 

previous studies.12,13 Briefly, the paraffin-embedded SCC 

samples were deparaffinized with xylene and graded ethanol. 

Then the slides were incubated in citrate buffer for 30 minutes 

for antigen retrieval. Blockage of endogenous peroxidase 

enzyme was achieved by incubation in 3% hydrogen peroxide 

in methanol for 20 minutes. Primary anti-EVI1 antibody 

(Novus Biologicals, Littleton, CO, USA) with dilution at 

a ratio of 1:100 was used to incubate the tissues at 4°C 

overnight, followed by a wash of phosphate-buffered saline. 

The corresponding biotinylated secondary antibody and 

streptavidin-peroxidase complex were used to incubate at 

37°C for 30 minutes. Finally, the slides were visualized by 

incubation with 3,3′-diaminobenzidine solution.

evaluation of ihc results
According to previous studies, the IHC results were evalu-

ated by the IHC score, which was defined as the product of 

score of positive cell percentage and the score of staining 

intensity.14,15 The score of positive cell percentage was 

defined as follows: 0 for 10% positive cells; 1 for 10%–30% 

positive cells; 2 for 30%–50% positive cells; and 3 for $50% 

positive cells. The score of staining intensity was described 

as follows: 0 for negative staining; 1 for weak staining; 

2 for moderate staining; and 3 for strong staining. The total 

score of IHC was defined as the product of score for stain-

ing intensity and the score for positive cells. The total IHC 

score ranged from 0 to 9, and the cutoff was selected with 

a receiver operating characteristic curve with the highest 

sensitivity plus specificity.16 The cohort was divided into 

EVI1 high-expression group and EVI1 low-expression group, 

according to the cutoff of EVI1 IHC score.

statistical analysis
SPSS 17.0 software (IBM Corp., Armonk, NY, USA) 

was used to analyze all the data. The χ2 test was used to 

analyze the correlation between EVI1 expression and the 

clinicopathological factors. The Kaplan–Meier method 

was performed for the survival curve and the log-rank test 

was used to compare the statistical difference between the 

subtypes. The Cox regression hazard model was used for 

multivariate analysis. A P-value of ,0.05 was considered 

to be statistically significant.

Results
information of validation cohort
A total of 164 patients diagnosed with SCC were enrolled 

into our cohort, including 106 male and 58 female patients 

(Table 1). The average age of patients was 64.5 years. The 

median postoperational survival time was 22 months and the 

average survival time was 34 months. As previously described 

in the “Patients and methods” section, the cohort was divided 

into EVI1 high-expression group and EVI1 low-expression 

group according to the cutoff of EVI1 IHC score. In this 

study, the percentage of EVI1 high-expression group was 
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32.32% (53/164). And EVI1 was mainly observed in the 

nucleus of SCC cells, but in some cases it was also expressed 

in cytoplasm. Representative images of low-expression and 

high-expression EVI1 are displayed in Figure 1.

correlation between the 
clinicopathological factors and 
eVi1 expression
After the cohort was divided into EVI1 high-expression group 

and EVI1 low-expression group, the correlation between 

EVI1 expression and other clinicopathological factors was 

analyzed by χ2 test. The clinicopathological factors included 

the age, gender, lymphatic status, tumor size, smoking 

status, tumor differentiation, and pTNM stage of patients 

(Table 2). Considering that the patients of stage IV already 

have a distant metastasis and the radical surgery cannot be 

achieved as usual, the pTNM stage only included stages I–III 

in this cohort. The analyses of correlation between the clini-

copathological factors and EVI1 expression could help find 

the potential association of EVI1 with the progression of 

SCC. However, there was no significant clinicopathological 

factor identified to be significantly associated with EVI1 

expression in this study.

Prognostic value of eVi1 in scc
In previous study,10 the expression of EVI1 was demonstrated 

to be much higher in SCC compared with AC. It was sus-

pected that EVI1 expression might affect the prognosis of 

SCC and therefore its prognostic significance was evaluated 

with univariate and multivariate analyses (Table 3). The 

univariate analysis with Kaplan–Meier method was per-

formed first to analyze the relation between EVI1 expression 

and the overall 5-year survival rate. In the univariate analysis, 

positive lymphatic invasion (P,0.001, 5-year survival rate: 

13.0 vs 38.4 months) and advanced TNM stage (P,0.001, 

5-year survival rate: 0 vs 22.5 vs 32.4 months) were proved 

to be significantly associated with the poorer prognosis of 

SCC (Figure 2A and B). Notably, the high expression of 

EVI1 could also predict the unfavorable prognosis of SCC 

(P=0.021, 18.5 vs 26.6 months) (Figure 2C). No other clini-

copathological factor was defined as the prognostic factor 

in this study.

The multivariate analysis with the Cox regression model 

was further performed to detect the independent prognostic 

Figure 1 representative images of high-expression and low-expression eVi1 detected with ihc. 
Notes: (A) representative image of low-expression eVi1 detected with ihc. eVi1 was mainly observed in the nucleus and, in some cells, it was expressed in cytoplasm. scale 
bar: 50 μm. (B) representative image of high-expression eVi1 detected with ihc. scale bar: 50 μm.
Abbreviations: eVi1, ecotropic viral integration site-1; ihc, immunohistochemistry.

Table 1 characteristics of patients with scc

Characteristics Number Percentage

gender
Male 106 64.63
Female 58 35.37

age (years)
,60 47 28.66
$60 117 71.34

Tumor diameter (cm)
#3 61 37.20
.3 103 62.80

Differentiation
Well 85 51.83
Moderate 71 43.29
Poor 8 4.88

lymph node metastasis
no (n0) 68 41.46
Yes (n1–3) 96 58.54

TnM stage
i 102 62.20
ii 38 23.17
iii 24 14.63

smoking
no 76 46.34
Yes 88 53.66

eVi1
high 53 32.32
low 111 67.68

Abbreviations: eVi1, ecotropic viral integration site-1; scc, squamous cell cancer.
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factors. All the clinicopathological factors were enrolled into 

the Cox regression model except TNM stage because of its 

obvious interaction with lymphatic status. In the multivariate 

analysis, the high expression of EVI1 was identified as an inde-

pendent prognostic factor of SCC (hazard ratio [HR] =1.66, 

95% confidence interval [CI] =1.11–2.47, P=0.013), indicat-

ing that the high expression of EVI1 alone was enough to 

predict the poorer prognosis of SCC. Besides EVI1, lymphatic 

status was also defined as an independent prognostic factor in 

this study (HR =2.45, 95% CI =1.60–3.76, P,0.001).

Discussion
SCC and AC are always classified into one type-NSCLC 

because of their similar treatment strategy. However, they 

are different histological types and have significantly dif-

ferent phenotypic properties. In previous studies, the most 

valuable study inspiring us to carry out the experiments of 

this study was conducted by Kang et al.10 They performed 

high-resolution array-comparative genomic hybridization 

and identified the differences in the patterns of genomic 

imbalances between SCC and AC. As a result, they demon-

strated that SCC instead of AC has an amplified region of 

gene in 3q26.2–q29, where the EVI1 gene is located.10 Many 

Table 2 correlation between eVi1 expression and the 
clinicopathological parameters

Characteristics EVI1 P-valuea

Low High

gender 0.543
Male 70 36
Female 41 17

age (years) 0.504
,60 30 17
$60 81 36

Tumor diameter (cm) 0.391
#3 44 17
.3 67 36

Differentiation 0.533
Poorly 59 26
Moderately 48 23
Well 4 4

lymph node metastasis 0.738
no 45 23
Yes 66 30

TnM stage 0.616
i 68 34
ii 28 10
iii 15 9

smoking 0.783
no 50 26
Yes 61 27

Note: aχ2 test.
Abbreviation: eVi1, ecotropic viral integration site-1.

Table 3 Prognostic significance of EVI1 in SCC

Characteristics Univariate analysis Multivariate analysis

5-year survival 
rate (%)

P-valuea HR 95% CI P-valueb

gender 0.969 0.850
Male 25.4 1
Female 23.5 0.96 0.63–1.46

age (years) 0.301 0.614
,60 22.6 1
$60 25.3 1.13 0.71–1.79

Tumor diameter (cm) 0.896 0.970
#3 25.5 1
.3 33.8 0.99 0.65–1.51

Differentiation 0.431 0.894
Well 15.6 1
Moderately + poorly 35.0 0.6 0.59–1.36

lymph node metastasis ,0.001 ,0.001
no 38.4 1
Yes 13.0 2.45 1.60–3.76

TnM stage ,0.001 –
i 32.4 – –
ii 22.5 – –
iii 0 – –

smoking 0.195 0.149
no 24.0 1
Yes 24.7 0.74 0.50–1.11

eVi1 0.021 0.013
low 26.6 1
high 18.5 1.66 1.11–2.47

Notes: alog-rank test; bCox regression model. Bold figures denote P,0.05. ‘–’ indicates not enrolled in the multivariate analysis.
Abbreviations: CI, confidence interval; EVI1, ecotropic viral integration site-1; HR, hazard ratio; SCC, squamous cell cancer.
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previous studies have proved the oncogenic role of EVI1 in 

tumors, especially tumors of hematopoietic system.17 More 

and more emerging evidence has indicated the oncogenic 

role of EVI1 in solid tumors, including prostate cancer, ovar-

ian cancer, glioblastoma, hepatocellular carcinoma, and so 

on.7,9,18 The underlying molecular mechanism of how EVI1 

promotes cancer progression and affects prognosis has not 

been well elucidated. Yasui et al proved that EVI1 could 

antagonize transforming growth factor-β-mediated growth 

inhibition in hepatocellular carcinoma, which promotes the 

proliferation of hepatocellular carcinoma cells.18 However, 

some sporadic studies pointed out the dual role of EVI1 in 

cancer progression. For example, Nanjundan et al19 pointed 

out that amplification of EVI1 is associated with a favorable 

prognosis in ovarian cancer. Although that study was based 

on the detection of DNA copy number, it still reflects the 

controversial role of EVI1 in some special cancer types.19 

In conclusion, many studies20,21 identified EVI1 as a protein 

promoting cancer progression, but consensus has not been 

reached. More experiments need to be performed for valida-

tion if new cancer types are involved, such as SCC.

Nowadays, the trend of the precise treatment is becoming 

more and more prevalent. The theoretical basis of the precise 

treatment is the individual heterogeneity and diversity of 

patients. Different cancers may exhibit different varieties 

and abundance of oncogenes or oncoproteins. In post-

operational patients with cancer, detection of these oncogenes 

or oncoproteins is the first step to direct chemotherapy or 

target therapy. A large number of predicting or prognostic 

biomarkers have been explored in lung cancer, but only a few 

have been demonstrated to be clinically relevant. The union-

ization of medical centers is necessary to enlarge the sample 

size and reduce diversity, which would help in getting more 

solid results. Moreover, the detection of candidate proteins 

in situ may be more valuable for prediction. Detecting the 

expression of proteins in tumor samples directly could reduce 

the confounding factors from gene modification to messenger 

RNA transcription. In tumor treatment therapy, the finding 

of an effective biomarker could be revolutionary, leading 

to a targeted drug, or even a potential therapy, just like the 

exploration of human epidermal growth factor receptor 2 

(HER2) function in breast cancer resulted in the development 

of trastuzumab and the target therapy to patients with breast 

cancer. The finding of this study that the high expression of 

EVI1 is an independent prognostic factor could help more 

specifically stratify SCC high-risk and low-risk patients and 

help them get different treating therapies. Moreover, along 

with the elucidation of molecular mechanisms of how EVI1 

leads to the poorer prognosis of SCC, EVI1 may become a 

potent drug target, like the revolution triggered by HER2 in 

breast cancer treatment. The finding of clinical significance 

of EVI1 in SCC could inspire more interest on EVI1 and 

encourage more experiments to explore the underlying 

mechanisms of EVI1 downstream pathways.

In conclusion, the expression of EVI1 was detected for 

the first time in 164 cases of SCC samples with IHC, and 

the cohort was divided into EVI1 high-expression and low-

expression groups according to the score. Furthermore, it was 

demonstrated that the high expression of EVI1 was signifi-

cantly associated with the unfavorable prognosis of SCC and 

that EVI1 was an independent prognostic factor of SCC. The 

findings could trigger interest in the study on the molecular 

mechanism of EVI1 as an oncoprotein in SCC and help iden-

tify the substrate regulated by EVI1. The results could help 

more specifically stratify SCC high-risk and low-risk patients 

and help find a potential drug target in SCC treatment.

Figure 2 Overall survival curves of the lymphatic status, pTnM stage, and eVi1 expression.
Notes: Overall survival curves of (A) positive and negative lymphatic invasion, (B) different pTnM stages, and (C) high- and low-expression EVI1 were analyzed by the 
Kaplan–Meier method, and the statistical difference was analyzed by the log-rank test.
Abbreviations: eVi1, ecotropic viral integration site-1; pTnM, pathological tumor-node-metastasis.
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