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Purpose: Epithelial cell transforming sequence 2 (ECT2) is a guanine nucleotide exchange
factor, which is involved in cell division regulation and cell cycle modulation. Recent evidence
indicates that ECT2 is overexpressed in many human cancers. However, the exact prognostic
value of ECT2 in lung cancer has not been elucidated.

Patients and methods: In the current study, we performed correlation and prognosis analyses
using public databases and conducted immunohistochemical staining in tissue microarrays,
using samples from 204 lung cancer patients with survival data.

Results: We found that the expression of ECT2 was markedly increased in lung cancer tissues
compared with normal tissues. Moreover, we demonstrated that the expression of ECT2 was
related to tumor cell differentiation degree, TNM stage, lymph node metastasis, and prognosis
in non-small-cell lung cancer (NSCLC). A correlation analysis indicated that ECT2 levels
were significantly correlated with proliferating cell nuclear antigen (PCNA) levels in NSCLC.
Furthermore, Kaplan—Meier analyses revealed that high ECT2 expression was associated with
unfavorable overall survival (OS) and progression-free survival (PFS) in NSCLC patients.
Conclusion: Taken together, these results indicate that the overexpression of ECT2 contributes
to tumor invasion and progression, suggesting that ECT2 is a potential prognostic marker for
NSCLC patients.

Keywords: epithelial cell transforming sequence 2, ECT2, non-small cell lung cancer, progres-
sion, prognosis, proliferating cell nuclear antigen, PCNA

Introduction

Non-small-cell lung cancer (NSCLC) including lung adenocarcinoma (ADC), lung
squamous cell carcinoma (SQC) and large cell carcinoma, is the most common patho-
logical type of lung cancer and is one of the leading causes of cancer-related death
worldwide.! Activation of KRAS is most frequent oncogenic driver for ADC, and a
recent study identified that epithelial cell transforming sequence 2 (ECT2)-dependent
rRNA synthesis is required for KRAS-driven lung ADC.2 ECT2, a guanine nucleo-
tide exchange factor (GEF), was originally reported to regulate cell division via Rho
signaling pathways, and interaction between ECT2 and the plasma membrane during
anaphase is required and sufficient for cytokinesis.® Recent evidence has indicated
that ECT2 is overexpressed in various human cancers and is related to tumor cell dif-
ferentiation, TNM stage, lymph node metastasis, and prognosis. For example, Wang
et al* found that high expression of ECT2 predicted a poor prognosis and may play
a critical role in breast cancer. Chen et al® reported that high ECT2 expression was
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an independent prognostic factor for osteosarcoma and can
upregulate the metastatic capacity of osteosarcoma cells. Jin
et al® found that ECT2 was significantly associated with the
degree of histological differentiation, invasion depth, lymph
node metastasis, distant metastasis, TNM stage and overall
survival rate in gastric cancer patients. Sano et al’ reported
that the expression of ECT2 was markedly increased in poorly
differentiated gliomas compared with well differentiated
gliomas, and a high level expression of ECT2 predicted poor
survival. A mechanistic study indicated that knockdown of
ECT2 can inhibit Racl activity and block the growth, inva-
sion and tumorigenicity of lung ADC cells.® In summary,
ECT?2 has been shown to play an important oncogenic role
in many human cancers. However, the precise role of ECT2
in lung cancer progression and prognosis is not well defined.
To explore the functions of ECT2, we carried out an analysis
based on Kaplan—Meier plotted datasets, which indicated
that patients with higher mRNA levels of ECT2 had poor
overall survival (hazard ratio [HR]=1.71, 95% CI: 1.44-2.02,
P<0.0001) (Figure S1 A) and progression-free survival (HR
=1.42,95% CI: 1.08-1.87, P=0.011) (Figure S1 B). Further-
more, we investigated the effect of ECT2 mRNA levels on
the prognosis of ADC and SQC. We found that high ECT2
expression in ADC was an unfavorable prognostic element
for overall survival (HR =1.31, 95% CI: 1.03—1.67, P=0.029)
(Figure S1 C) and progression-free survival (HR =1.34, 95%
CI: 0.97-1.85, P=0.076) (Figure S1 D). However high ECT2
expression could not serve as a predictor for overall survival
(HR =0.99, 95% CI: 0.72—1.36, P=0.94) and progression-free
survival (HR =1.42, 95% CI: 0.85-2.38, P=0.18) among
the SQC population (Figure S1 E, F). In summary, these
analyses indicated high ECT2 mRNA expression predicted
poor survival in NSCLC. To validate the conclusion from the
Kaplan—Meier plotter, we conducted a comprehensive study
to investigate the relationship between ECT2 expression and
clinical pathological features through a systematic mRNA
expression analysis based on open database and immuno-
histochemical staining.

Materials and methods

Online analysis tool

Kaplan—Meier survival curves with a log-rank test were
calculated and plotted using the analysis tool which is avail-
able online at: http://kmplot.com. The background database
downloaded from GEO (https://www.ncbi.nlm.nih.gov/

geo/) offers gene expression data, relapse-free and overall
survival information. A total of 2,437 lung cancer patients
were divided into two groups according to the expression

levels of ECT2, and then the Kaplan—Meier survival curves
were downloaded from the website and adjusted in Adobe
[lustrator CS6.

Human lung cancer tissue array

Three commercial human lung cancer tissue microarrays
(TMAs ) were purchased, including one BC041115¢ (Alena-
bio, Xi’an, China) and two HlugA180Su05 (Outdo biobank,
Shanghai, China). Patient personal information was blocked
and the study protocol was approved by the Ethics Committee
of the Tongji Hospital of Huazhong University of Science and
Technology. BC041115c¢ includes 10 cases of normal lung
tissues, 4 cases of lung atypical carcinoid tissues, 48 cases of
ADC, 40 cases of SQC, 8 cases of small cell carcinoma and
3 cases of large cell carcinoma. HlugA180Su05 includes 94
cases of ADC with 87 matched adjacent lung tissues, with
survival follow-up data covering 5-10 years.

Immunohistochemical staining

quantification analysis

Immunohistochemical staining was carried out with the
three TMAs using a two-step standard protocol by the Bios
Biotech.”!® A polyclonal anti-ECT2 antibody (catalog no.
07-1364; Millipore Corporation, Billerica, MA, USA, 1:150)
and an anti-PCNA antibody (catalog no. ab18197; Abcam,
Cambridge, UK, 1:1500) were utilized for the immunohis-
tochemistry. Immunohistochemical scoring was assessed
by two experienced pathologists without clinicopathologi-
cal information of the patients according to the Fromowitz
Standard.!' The product of intensity and the proportion of
positively stained cancer cells in each whole tissue sample
was used to represent the protein levels of ECT2. The staining
intensity was scored as 0 (no staining), 1 (weak staining, light
yellow), 2 (moderate staining, yellow brown) and 3 (strong
staining, brown). The proportions of stained tumor cells were
identified as 1 (0%—25% positive cells), 2 (26%—50% posi-
tive cells), 3 (51%—75% positive cells) and 4 (76%—100%
positive cells).'?

Meta-analysis of the expression of ECT?2
using published gene expression omnibus
(GEO) databases

We carried out a comprehensive search of relevant GEO
databases to assess the mRNA expression of ECT2 through
ArrayExpress and Oncomine, as previously described.!*!*
The dataset met the following criteria: 1) the dataset con-
cerned human NSCLC; 2) the mRNA expression of ECT2
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was measured in the dataset; 3) the clinical outcomes of
patients were shown in the dataset; 4) the sample capacity
was more than 50; 5) only the latest and most complete
datasets were included when several databases shared com-
mon patients. A total of 21 independent NSCLC microarray
databases were enrolled in this systematic analysis (Table 1).
Statistical analysis was performed based on the guidelines
of meta-analysis of observational studies. The Stata soft-
ware package (version 12.0) was employed to perform the
meta-analysis.

Survival analysis based on
immunohistochemical scoring

Based on the immunohistochemical scoring for 94 ADC
patients, an overall survival curve was constructed using
SPSS and univariate analyses were conducted through Cox
regression, which yielded an HR and 95% CI. The cutoff
value for ECT2 was the median expression.

The correlation analysis of ECT2 and
PCNA

The immunohistochemical (IHC) scores for ECT2 and PCNA
for the same tissue arrays (HlugA 180Su05) were analyzed to
evaluate the correlation between ECT2 and PCNA protein
expression. Two public GEO databases, GSE4342'5 and

GSE32474,'¢ consisting of NSCLC cell lines, and three
databases, GSE31210,*® GSE68465* and GSE30219,%
containing the highest number of NSCLC patients of the 21
databases, were analyzed to evaluate the correlation between
the mRNA expression of ECT2 and PCNA.

Statistical analysis

Expression analysis and correlation analyses were calculated
using GraphPad Prism 5.0 and SPSS 20 statistical software.
The difference between groups was evaluated using Student’s
t-test and one-way analysis of variance (ANOVA). A two-
tailed P-value <0.05 was considered statistically significant.

Results

ECT2 expression was significantly
increased in various subtypes of lung
cancer compared with normal lung
tissues

We compared ECT2 expression in several subtypes of
lung cancer and normal lung tissues through IHC staining
and representative images of the IHC staining are shown
in Figure 1A. The average score for normal, SQC, adeno-
squamous carcinoma, ADC, bronchioloalveolar carcinoma,

large cell carcinoma, small cell carcinoma and atypical
carcinoid was 0.90£0.28, 5.4310.46, 8.67£1.76, 4.38+0.44,

Table | Microarray databases detailing the mRNA expression of ECT2 (these databases were included in the meta-analysis)

First author Year Duration Histology Stage Patient Detection Platform

(months) number
Landi et al® 2008 NR ADC =\ 58 Microarray AffymetrixHgu | 33a
Kuner et al® 2009 NR NSCLC NR 58 Microarray AffymetrixHgu | 33a
Baty et al*® 2010 44.1 NSCLC =\ 56 Microarray AffymetrixHgu | 33plus2.0
Takeuchi et al®' 2006 109.1 NSCLC Sl 158 Microarray Agilent Homo sapiens 21.6K
Tomida et al* 2009 109.8 ADC =il 17 Microarray Agilent-014850 G41 | 2F
Zhu et al® 2010 1115 NSCLC - 133 Microarray AffymetrixHgul33a
Hou et al** 2010 127.2 NSCLC NR 91 Microarray AffymetrixHgu133plus2.0
Lu etal® 2010 NR NSCLC v 60 Microarray AffymetrixHgu | 33plus2.0
Xie et al*® 2011 82.44 NSCLC =i 55 Microarray AffymetrixHgu133plus2.0
Rousseaux et al*’ 2013 140 NSCLC -V 293 Microarray AffymetrixHgu133plus2.0
Okayama et al*® 2012 115.5 ADC - 226 Microarray AffymetrixHgu133plus2.0
Bild et al* 2006 81.2 NSCLC NR 11 Microarray AffymetrixHgu133plus2.0
Selamat et al® 2012 NR ADC v 58 Microarray llluminaHumanWG-6v3.0
Botling et al*! 2013 140 NSCLC v 196 Microarray AffymetrixHgu133plus2.0
Tang et al®? 2013 129.6 NSCLC -l 176 Microarray llluminaHumanWG-6v3.0
Tarca et al® 2013 NR NSCLC -l 150 Microarray AffymetrixHgu | 33plus2.0
Raponi et al* 2006 NR SQC NR 130 Microarray AffymetrixHgu | 33a
Der et al* 2014 100.1 NSCLC -l 181 Microarray AffymetrixHgu|33plus2.0
Shedden et al* 2008 140 ADC il 442 Microarray AffymetrixHgul33a
Cancer Genome 2015 NR SQC -V 135 Microarray AffymetrixHgul33a
Atlas Research
Network
(CGARN)¥
Lee et al* 2008 138.5 NSCLC NR 138 Microarray AffymetrixHgu133plus2.0

Abbreviations: ECT2, epithelial cell transforming sequence 2; NSCLC, non-small-cell lung cancer; ADC, adenocarcinoma; SQC, squamous cell lung cancer; NR, not reported.
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Figure | ECT2 was enriched in various subtypes of lung cancer.

Notes: (A) Representative images of IHC staining of normal, squamous cell carcinoma, adenosquamous carcinoma, adenocarcinoma, bronchioloalveolar carcinoma, large cell
carcinoma, small cell carcinoma, and atypical carcinoid; (B) quantitative IHC scores of ECT2 in various lung cancer subtypes; (C) meta-analysis of ECT2 mRNA expression

(P=84.9%, P=0.000)
0.0238 1

in tumors vs normal; (D) meta-analysis of ECT2 mRNA expression in SQC vs ADC.

Abbreviations: ECT2, epithelial cell transforming sequence 2; IHC, immunohistochemical; T, tumor; N, normal; OR, odds ratio; ADC, adenocarcinoma; SQC, squamous

cell lung cancer.
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1.7520.75,3.33£0.33,4.25+1.10 and 4.25+1.82, respectively
(Figure 1B). The average scores for all lung cancer subtypes
were 4-5 fold higher than those of normal samples, and the
adenosquamous carcinoma samples exhibited the highest
abundance of ECT2 compared with the other lung cancer
subtypes (Figure 1B). The results also showed that ECT2
expression was higher in SQC than in ADC tissues, but the
difference was not statistically significant (P=0.1029). The
correlation between ECT2 protein expression in TMAs and
the clinicopathological features of 202 lung cancer patients is
shown in Table 2. A meta-analysis indicated that expression
of ECT2 mRNA in NSCLC tissue was higher than in normal
tissue (pooled odds ratio [OR] =7.87, 95% CI: 5.57-11.11,
P=0.000, and I’=87.5%) (Figure 1C). Furthermore, we inves-
tigated the difference in ECT2 mRNA expression between
ADC and SQC and found that the ECT2 mRNA expression
of SQC was higher than that of ADC (pooled OR =4.16, 95%
CI: 3.26-5.30, P=0.000, and I’=84.9%) (Figure 1D).

The expression level of ECT2 was
associated with cancer progression and
prognosis in NSCLC

Based on the immunohistochemical scoring of the Hlu-
gA180Su05 and BC041115c tissue microarrays, we found

Table 2 Correlation between ECT2 expression and the
clinicopathological features of 202 lung cancer patients on TMAs
(BCO41115¢c and HlugA180Su05)

Variables n ECT2 expression P-value
<6 (low >6 (high
expression)  expression)

Age 0.648*
<60 105 65 40

>60 97 57 40

Sex 0.5712
Female 71 4] 30

Male 131 8l 50

Differentiation 0.116*
Moderate + well 114 70 44

Poor 63 31 32

Tumor size 0.007°
TI+T2 87 74 13

T3+T4 23 13 10

Lymph node 0.011°
N- 97 70 27

N* 87 47 40

Stage 0.000*
-l 124 92 32

-v 73 29 44

Notes: *Pearson chi-squared test; *Continuity correction chi-squared test; N-,
lymph node negative; N*, lymph node positive.

Abbreviations: ECT2, epithelial cell transforming sequence 2; TMAs, tissue
microarrays.

the immunohistochemical scores of tumor tissues were
significantly higher than those of matched adjacent tis-
sues (P<0.0001) (Figure 2A). Moreover, we compared the
protein level of ECT2 in lung cancer tissues with clinical-
pathological parameters. The protein level of ECT2 in lung
cancer was significantly and positively correlated with
clinicopathological parameters including TNM stage, tumor
cell differentiation, tumor size, and lymph node metastasis
(Figure 2B-E). We also used a meta-analysis to examine the
relationship between the mRNA level of ECT2 and clinical-
pathological characteristics. The patients were divided into
ECT2 high and low subgroups based on the median ECT2
mRNA expression values. The level of ECT2 mRNA expres-
sion in patients with stage III and IV NSCLC was higher
than in patients with stage I and II NSCLC (pooled OR
=2.17, 95% CI: 1.69-2.79, P=0.117, and P’=36.4%) (Fig-
ure 3A). Meanwhile, the level of ECT2 mRNA expression
in ADC patients showed a similar trend and the patients
with stage III and IV was higher than patients with stage
I and II (pooled OR =1.83, 95% CI: 1.32-2.54, P=0.899,
and ’=0.0%) (Figure 3B). The ECT2 mRNA expression in
stage Il and IV NSCLC was higher compared with stage I
and II NSCLC in SQC, but the difference was not statisti-
cally significant (pooled OR =1.32, 95% CI: 0.78-2.25,
P=0.429, and ’=0.0%) (Figure 3C). The ECT2 mRNA
expression of T3 and T4 was higher compared with T1
and T2 in NSCLC (pooled OR =2.27, 95% CI: 1.62-3.20,
P=0.023, and P’=61.7%) (Figure 3D). The ECT2 mRNA
expression of lymph node-positive patients was higher than
that of lymph node-negative patients in NSCLC (pooled
OR =1.45, 95% CI: 1.12-1.89, P=0.939, and I’=0.0%)
(Figure 3E). Because the clusters with histological dif-
ferentiation information were poor, we used GSE68465 to
test the ECT2 mRNA expression in patients with different
degrees of cell differentiation. The results showed that the
ECT2 mRNA expression of the poorly differentiated group
was remarkably higher than that in the well differentiated
group (P<0.0001) and that of the moderately differentiated
group was also higher than that of the well differentiated
group (P=0.0001) (Figure 3F). In summary, the protein and
mRNA expression of ECT2 were correlated with clinical-
pathological characteristics in NSCLC.

High ECT2 expression predicted poor

survival in NSCLC

To evaluate the prognostic value of ECT2 in NSCLC, we
first investigated the association between ECT2 protein
expression and overall survival using a Cox univariate
regression analysis. A TMA consisting of 94 ADC patients
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Figure 2 Protein level of ECT2 was associated with cancer progression and prognosis.
Notes: (A) Representative images and IHC scores of ECT2 in tumor vs matched adjacent tissue; (B) various stages; (C) various degrees of tumor cell differentiation; (D)

various tumor sizes; (E) lymph node positive vs lymph node negative. N-, lymph node negative; N*, lymph node positive.
Abbreviations: ECT2, epithelial cell transforming sequence 2; IHC, immunohistochemical.

was divided into ECT2 high and low subgroups following regression analysis between the cumulative overall survival
the immunohistochemical staining score of 3—4 vs 1-2. The  rates and clinicopathological factors demonstrated that ECT2
median overall survival (OS) time of the ECT2 high group  expression (HR =2.010, 95% CI: 1.204-3.355, P=0.008),
was 29+5.561 months, while that of the low group was lymph node metastasis (HR =2.672, 95% CI: 1.541-4.633,
5613.548 months (P=0.006) (Figure 4A). A Cox univariate ~ P=0.000) and TNM stage (HR =2.658, 95% CI: 1.483-4.765,
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A

Study ECT2 I+ IV/I + 1l (all) OR (95% Cl) Weight (%)
Landi et al?® 1.73 (0.52-5.69) 4.78
Boui_ngetal“;2 1.47 (0.68-3.20) 12.27
Tomida et al 2.03(0.81-5.05) 7.65
o 1.21(0.56-2.65) 13.32
Rousseaux ot al™? 1.61(0.73-3.56) 11.28
Shedden et a6 5.28 (2.66-10.47) 9.41
Takeuchi ot al®" 2.26 (1.32-3.89) 21.03
Xie et al®® 2.00 (0.98-4.09) 12.40
Lu et al®® 1.13(0.36-3.54) 6.39
Overall 8.11 (1.61-40.77) 1.46
(P=36.4%, P=0.117) 2.17 (1.69-2.79) 100.00

0.0245 1 40.8
C

Study ECT2 Il +IV/I + 11 (SQC) OR (95% Cl) Weight (%)

Takeuchi et al®' 1.79 (0.47-6.82) 13.43

Rousseaux et al*’ 3.11 (0.30-31.68) 3.65

Botling et al*! 1.24 (0.34-4.56) 17.17
Tang et al*? 0.36 (0.06-1.63) 24.60
CGARNY 1.61 (0.73-3.56) 40.95
Overall

1.32 (0. 78-2.25) 100.00
(”=0.0%, P=0.429)

0.0316 1 317
E
Study ECT2 N+/N- (all) OR (95% Cl) Weight (%)

Baty et al®® 1.73 (0.40-7.51)  2.93
Takeuchi et al®' 1.44 (0.74-2.81) 1543
Tomida et al*? 2.03(0.86-4.77)  8.04
Der et al*® 1.57 (0.82-3.00) 15.60
Shedden et al*® 1.26 (0.84-1.88)  45.50
Mitch et al44 1.60 (0.78-3.29)  12.50
Overall 1.45(1.12-1.89) 100.00

(= 0.0%, P=0.939)
0.133 1 7.51

Figure 3 mRNA level of ECT2 was associated with cancer progression and prognosis.

B

Study ECT2  Ill + IV/I + Il (ADC) OR (95% Cl) Weight (%)
Takeuchi et al®! 2.10 (0.84-5.25) 11.85
Botling et al*' 1.15(0.41-3.25) 12.33
Tang et al*? 1.41(0.55-3.61) 13.67
Landi et al?® 1.73(0.52-5.69) 7.68
Tomida et al*? 2.03 (0.81-5.05) 12.28
Selamat et al*® 1.22 (0.35-4.20) 8.45
Shedden et al*® 2.26 (1.32-3.89) 33.76
Overall 1.83 (1.32-2.54) 100.00

(”=0.0%, P=0.899)

0.176 1 5.69
D
Study ECT2 T3+ T4/T1+ T2 (all) OR (95% Cl) Weight (%)
Takeuchi et al®' 2.61(1.05-6.44) 13.32
Tomida et al*? 3.74 (0.97-14.38) 5.47

Rousseaux et al*’

|43

3.71(1.88-7.32) 20.70

TarcaAlL et a 0.78(0.29-2.09) 19.44

Shedden et al*® 3.30 (1.57-6.93) 18.85
CGARN# 0.80 (0.32-2.01) 22.22
Overall 2.27 (1.62-3.20)100.00

(”=61.7%, P=0.023)
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Notes: (A) Meta-analysis of ECT2 mRNA expression at stage lll + IV vs | + II; (B) stage lll + IV vs | + 1l in ADC; (C) stage lll + IV vs | + Il in SQC; (D) tumor size T3 + T4
vs. Tl + T2; (E) lymph node positive vs lymph node negative; (F) the mRNA expression of ECT2 at different degrees of tumor cell differentiation in GSE68465. N-, lymph

node negative; N, lymph node positive.

Abbreviations: ECT2, epithelial cell transforming sequence 2; IHC, immunohistochemical staining; CGARN, Cancer Genome Atlas Research Network; OR, odds ratio;

ADC, adenocarcinoma; SQC, squamous cell lung cancer.

P=0.001) were prognostic factors for overall survival in
ADC patients. We performed a forward variable-selection
procedure and found the ECT2 expression was a statisti-
cally significant independent prognostic factor for the OS of
ADC patients (HR =0.406, 95% CI: 0.226-0.727, P=0.002)
(Table 3).

ECT?2 expression was correlated with
that of PCNA

Based on the immunohistochemical scoring for PCNA,
we found that the protein levels of PCNA in ADC were
significantly higher than those in matched adjacent normal
lung tissue (P<0.0001), and they were positively correlated
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Figure 4 Overexpression of ECT2 protein predicted poor survival.

Notes: Kaplan—Meier curve of patients with low or high ECT2 expression in ADC.
Median level of IHC scores was used to divide patients into subgroups;
Abbreviations: ECT2, epithelial cell transforming sequence 2; HR, hazard ratio;
ADC, adenocarcinoma; IHC, immunohistochemical staining.

with clinicopathological parameters including TNM stage,
tumor cell differentiation, tumor size, and metastasis (Fig-
ure 5A, C). An immunohistochemical analysis of PCNA
and ECT2 for the same tissue microarray (HlugA 180Su05)
showed that ECT2 protein expression was positively cor-
related with that of PCNA (R=0.624, P=0.000) (Figure
5B, D). Public datasets GSE4342, GSE32474, GSE31210,
GSE68465 and GSE30219 containing 45 NSCLC cell
lines, 26 NSCLC cell lines, 226 patients, 442 patients and
293 patients, respectively, were interrogated to assess the
association between ECT2 and PCNA. The results showed
that ECT2 mRNA expression was positively correlated with
that of PCNA in GSE4342 (R=0.307, P=0.003) (Figure 5E),
GSE32474 (R=0.539, P=0.005) (Figure 5F), GSE31210
(R=0.601, P=0.000) (Figure 5G), GSE68465 (R=0.536,
P=0.000) (Figure SH) and GSE30219 (R=0.612, P=0.000)
(Figure 51).

Discussion

Recent targeted therapies of driver genes have achieved
surprising outcomes in lung cancer.!” However, only a small
fraction of patients can benefit from precision medicine.
Searching for new biomarkers is still a key subject for lung
cancer research. Besides the well-characterized oncogenes
RAS, epidermal growth factor receptor (EGFR), and MET,
and the tumor suppressor gene p53, several novel genes
or pathways have been identified as being involved in the
malignant behavior of lung cancer and its prognosis, such
as dachshund family transcription factor 1 (DACHI1)-SIX
homeobox 1 (SIX1) and kelch like ECH associated protein
1 (KEAP1) /nuclear factor, erythroid 2 like 2 (NRF2) sig-
nals.'®2 With the identification of more driving genes and
biomarkers, precise treatment options for individual patients
based on the distinction of morphological and molecular
features is expected.

ECT2 is a guanine nucleotide exchange factor for the Rho
family of GTPases (Rho, Cdc42 and Rac), and was originally
identified as a gene that can transform mouse fibroblasts.*
ECT?2 is an important link between the cell cycle machinery
and Rho signaling pathways involved in the regulation of cell
division, and the exchange function relies on its phosphory-
lation during G2 and M phases.? Our data show that ECT2
expression in various lung cancer subtypes is significantly
higher than that in normal tissues and its expression was
associated with TNM stage, tumor cell differentiation, tumor
size and metastasis, indicating that ECT2 plays an important
role in the initiation and progression of lung cancer. We
also investigated the relationship between ECT2 protein
and mRNA expression and survival. A multivariate Cox
regression analysis demonstrated that ECT2 overexpression
in ADC was an independent prognostic factor. The current
study revealed that ECT2 was a key factor in the progression
of NSCLC and predicted poor prognosis. The high expression
of ECT2 was related to the proliferation, survival and invasion

Table 3 ECT2 expression in ADC is an independent prognostic factor for ADC patients (HlugA180Su05)

Variables Univariate analysis Variable selection
HR (95% CI) P-value HR (95% CI) P-value

Sex (female/male) 0.733 (0.457-1.176) 0.198

Age (>60/<60) 1.01'1 (0.632-1.619) 0.962

Differentiation (poor/moderate + well) 2.360 (0.859-6.486) 0.096

Stage (11 + 1I/1) 2.658 (1.483-4.765) 0.001

Tumor size (T3 + T4/TI + T2) 1.424 (0.838-2.419) 0.191

Lymph node metastasis (N*/N°) 2.672 (1.541-4.633) 0.000 2.847 (1.604-5.054) 0.000
ECT?2 expression (high/low) 2.010 (1.204-3.355) 0.008 2.464 (1.375-4.418) 0.002

Notes: N-, lymph node negative; N*, lymph node positive.

Abbreviations: ECT2, epithelial cell transforming sequence 2; ADC, adenocarcinoma; HR, hazard ratio.
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Figure 5 ECT2 expression correlated with PCNA expression.
Notes: (A) Representative images of IHC staining of PCNA; (B) representative images of IHC staining of PCNA and ECT2 in the same lung cancer tissues; (C) IHC scores
of PCNA in lung cancer; (D) the correlation between ECT2 and PCNA based on protein expression; (E) based on the mRNA level of the GSE4342 cell line; (F) GSE32474

cell line; (G) GSE31210 cell line; (H) GSE68465 cell line; (1) GSE30219 cell line. N, lymph node negative; N*, lymph node positive.

Abbreviations: IHC, immunohistochemical staining; PCNA, proliferating cell nuclear antigen; ECT2, epithelial cell transforming sequence 2; HR, hazard ratio; ADC,
adenocarcinoma; SQC, squamous cell lung cancer.
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of lung cancer cells, which contributed to the prognosis of
NSCLC. These results are in agreement with those of prior
studies of the role of ECT2 in breast cancer, osteosarcoma,
gastric cancer and glioma.*”’

We also examined the expression of PCNA in ADC
and found that it was positively correlated with clinico-
pathological parameters including TNM stage, tumor cell
differentiation, tumor size, and metastasis, supporting the
previous study showing that PCNA is expressed in prolif-
erating cells, and is an important factor for the initiation of
cell proliferation.?>2¢ Until now, no studies have reported a
correlation between ECT2 and PCNA. In the current study,
we demonstrated the ECT2 expression is positively corre-
lated with PCNA expression in ADC at both the protein and
mRNA level, suggesting that ECT2 is an important factor in
the regulation of NSCLC cell division. The expression level
of ECT2 may be a useful biomarker to predict proliferation
and aggression in NSCLC. Moreover, high ECT?2 expression
predicts a shorter survival time, indicating that ECT2 expres-
sion may serve as a prognostic marker for NSCLC patients.

As a common GEF for the Rho GTPase family, ECT2
can catalyze guanine nucleotide exchange on RhoA, Racl,
and Cdc42 in vitro.>?’ Therefore, gene therapy to abolish
ECT2 activity may restrain the Rac1/RhoA/Cdc42 signaling
pathways, which may provide an effective approach to block
Rho GTPase activity and reverse a malignant phenotype.

One interesting finding is that ECT2 expression in SQC
is higher than that in ADC, but ECT2 levels did not signifi-
cantly affect the OS of SQC cancer patients, suggesting that
ECT2 may play a different function in ADC compared with
SQC. Therefore, further study of the molecular mechanism
of ECT2 in ADC and SQC should provide valuable infor-
mation. In addition, immunohistochemical staining of lung
tissue specimens indicated that ECT2 is expressed both in the
cytoplasm and nucleus of lung cancer cells, while ECT2 is
only weakly expressed in the nucleus of healthy lung tissue,
which supports previous findings that ECT2 is mislocalized
to the cytoplasm to activate Racl for transformed growth.?
Therefore exploring the transport of the ECT2 protein from
the nucleus to the cytoplasm and blocking the translocation
process of ECT2 may have potential therapeutic value.

Conclusion

This study demonstrated that ECT2 expression in various
lung cancer subtypes is significantly higher than in normal
tissues and its expression was positively related to TNM
stage, tumor cell differentiation, tumor size, and metastasis
in NSCLC. In the current study, we have reported for the

first time that the expression of ECT?2 is positively correlated
with that of PCNA in lung cancer at the protein and mRNA
level. ECT2 overexpression is an unfavorable prognostic
factor predicting poor disease-free survival and overall
survival for NSCLC patients, especially in ADC, and may
serve as a potential prognostic indicator and biomarker for
NSCLC patients.
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Figure S| Overexpression of ECT2 mRNA predicted poor survival.

Notes: Kaplan—Meier curve of patients with low or high ECT2 expression. Median of mMRNA expression was used to divide patients into subgroups. (A) Overall survival; (B)
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progression-free survival; (C) overall survival in ADC; (D) progression-free survival in ADC; (E) overall survival in SQC; (F) progression-free survival in SQC.
Abbreviations: ECT2, epithelial cell transforming sequence; HR, hazard ratio; ADC, adenocarcinoma; SQC, squamous cell lung cancer.
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