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Abstract

Objective: To investigate the association of SOX2 expression in tumor with clinicopathological features and survival of non-
small-cell lung carcinoma (NSCLC) patients.

Methods: Publications assessing the clinicopathological characteristics and prognostic significance of SOX2 in NSCLC were
identified up to May 2013. A meta-analysis of eligible studies was performed using standard statistical methods to clarify the
association between SOX2 expression and these clinical parameters.

Results: A total of eight studies met the inclusion criteria. Analysis of these data showed that SOX2 expression was
positively associated with squamous histology, (pooled OR=5.26, 95% Cl: 1.08-25.6, P=0.040). Simultaneously, we also
found that SOX2 expression was positively associated with overall survival (pooled HR=0.65, 95% Cl: 0.47-0.89, P=0.007,
random-effect).

Conclusions: SOX2 expression in tumor is a candidate positive prognostic biomarker for NSCLC patients.
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Introduction

Lung cancer (LC) is the most commonly diagnosed cancer as
well as the leading cause of cancer death worldwide [1]. The
main types of LC are small-cell lung carcinoma (SCLC) and
non-small-cell lung carcinoma (NSCLC). Among all LC cases,
NSCLC accounts for approximately 85% [2]. Though signifi-
cant diagnostic and therapeutic improvements have been made
for NSCLC, the prognosis is still suboptimal, with an overall
five-year survival rate of less than 15% [3]. Recent advances
have provided provocative insights in the biology of NSCLC
that may result in the discovery of biological markers, that are
urgently needed for guidance on postoperative surveillance and
therapeutic decisions [4].

SRY (sex determining region Y)-box 2, also known as SOX2, is
one of the key transcriptional factors that control the unique
properties of stem cells self-renewal and pluripotency [5,6] and
play a critical role inmaintaining the stem cell-like phenotype in
cancer cells [7-9]. Over-expression of SOX2 in NSCLC cells
stimulates cellular migration and anchorage-independent growth
while SOX2 knockdown impairs cell growth [10-12]. Recently, a
number of studies have reported the contribution of SOX2 to
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tumorigenesis and itscorrelation with clinical progression of
various types of tumors, including human breast cancer [13],
rectal cancer [14], prostate cancer [15] and NSCLC [16,17].
SOX2 gene amplification is frequently up-regulated in NSCLC
[18,19] and is associated with poor prognosis [17], but recently
results show that high SOX2 levels predict better outcome in
NSCLC [16]. These conflicting results on the detection, clinical
pathologic features and progression of SOX2 positive expression
could indicate limited availability of samples resulting in variations
in the clinical significance of the results and the need for overall
analysis. Considering the putative role of SOX2 in the prognosis
and prediction of outcome in NSCLC, a meta-analysis was
conducted to determine the association between SOX2 and
common clinical and pathologic features of NSCLC.

Materials and Methods

Publication search

The electronic database of PubMed was searched for studies
that investigated the association of clinicopathological parameters
and prognosis with SOX2 expressionin NSCLC to be included in
the present meta-analysis upto May 14, 2013. Search terms were
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Papers searching from Pubmed through terms “lung
cancer” and “SOX2” (N = 68)
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Figure 1. Flow chart for selection of studies for inclusion in this meta-analysis.

doi:10.1371/journal.pone.0071140.g001

“lung cancer” and “SOX2”. The published studies that were
included in this meta-analysis should meet the following criteria:
(1) the histologic type of the tumors was NSCLC; (2) they assessed
the relationship between SOX2 expression and clinicopathological
features and/or survival; and only full peer reviewed papers have
been published as full texts. There were no limitations on language
nor on patient numbers. When multiple NSCLC cohorts were
used to validate the same results in one paper, groups using the
same detection methods were merged as one group. Publications
re-using datasets from the same population, the article with more
extracted details was included. Studies that did not meet all
inclusion criteria were excluded.

Data extraction

Two reviewers checked all potentially relevant studies indepen-
dently to minimize bias and to improve the reliability. The
following characteristics were extracted from eligible studies: name
of first author, name of journal, year of publication, sample size,
test method, cut-off value, age, gender, smoking status, histologic
type, differentiation, lymph node metastasis, stage as well as the
expression-related survival. In case the prognosis was only plotted
as Kaplan-Meier curve, the software GetData Graph Digitizer
2.24  (http://getdata-graph-digitizer.com/) and HR digitizer
software Engauge 4.0 were applied to digitize and extract the
data. Briefly, save the Kaplan-Meier curve as a graph andopen the
graph in the software GetData Graph Digitizer 2.24 and Engauge
Digitizer 4.0, then set the scale (coordinate system) and finally
digitize the points of Kaplan-Meier curve manually.

Statistical analysis

All the statistical analyses were performed using Stata/SE 10.0
for Windows (Stata Corporation, College Station, TX, USA).
Pooled estimates of odds ratios (OR) with their 95% confidence
intervals (CI) were used to estimate the association between SOX2
expression and the clinical parameters of NSCLC, including age,
gender, smoking status, histologic type, differentiation, lymph
node metastasisas well as stage. Pooled estimates of hazard ratios

PLOS ONE | www.plosone.org

(HR) with their 95% CI were used to estimate the association
between SOX2 expression and survival outcome of NSCLC. The
statistical heterogeneity within studies was tested with the chi-squared
based Q-test (P>0.10) and I? (I*<50%, no heterogeneity), fixed-
effects model was used. Otherwise, the random-effects model was
used. To explore the possible heterogeneity among different studies,
the important variables of population, histologic type and sample size
were examined in a meta-regression model. The between-study
variance (t%) was used to quantify the degree of heterogeneity among
studies, and the percentage of T° was used to show the extent of the
explained heterogeneity of the characteristics [20]. Evidence of
publication bias was analysed by Egger’s and Begg’s test, the potential
publication bias was deemed significant with £<<0.05.

Results

Description of studies

Combined search in PubMed on the terms “lung cancer” and
“SOX2” retrieved 68 hits, and when excluding animal experi-
ments, non-NSCLC-related studies, non-original articles, or lack
of data on the association of SOX2 with clinicopathological
features and/or overall survival and repeated data from the same
population [21,22], only 8 publications met the inclusion criteria
for the present analysis (Figure 1). Two of these studies lacked
information on survival and follow up and thus could not be used
for survival analysis. The sample sizes ranged from 44 to 758
patients. Expression of SOX2 was evaluated by immunohisto-
chemistry (IHC) in four studies, quantitative real-time polymerase
chain reaction (qQPCR) in two studies, fluorescence in situ
hybridization (FISH) assay and tissue immunofluorescence (IF)
in one paper, respectively. The detailed outline of the parameters
of the included studies is shown in Table 1.

Correlation of SOX2 expression with clinicopathological
characteristics

The main results of the meta-analysis are summarized in
Table 2. In some studies presented data on clinicopathological
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analysis of all studies.
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Table 2. Main results for meta-analysis between SOX2 and clinicopathological Parameters.

clinical parameters No. of studies

overall OR (95%Cl) Heterogeneity test (Q, I, A)

(1),(4),(5),(6).(7)
(1.(5).(6).(7)
(1),(4),(5),(7)
(2),(3),(4),(5),(6).(7)

Sex (male vs. female)
Age (>60 vs. <=60)
Smoking status (yes vs. no)

Histology (SCCvs. ADC)

Differentiation (poor vs. well) (5),(6),(7)
Lyphmnodemetastsis (N1 vs. NO) (4),(5),(7)
Stage (IlI/IV vs. I/1) 4),(6),(7)

1.49 (0.69-3.23)
1.30 (0.84-2.01)
2.40 (0.95-6.05)
5.26 (1.08-25.6)
1.97 (0.96-4.05)
1.30 (0.85-1.97)
0.89 (0.55-1.44)

10.6, 62.3%, 0.312 (random-effect)
3.88, 22.7%, 0.236 (fixed-effect)
6.79, 55.8%, 0.065 (random-effect)
78.2, 93.6%, 0.040 (random-effect)
0.49, 0.0%, 0.066 (fixed-effect)
1.48, 0.0%, 0.226 (fixed-effect)
2.08, 3.9%, 0.621 (fixed-effect)

doi:10.1371/journal.pone.0071140.t002

Discussion

NSCLC is the leading cause of cancer death, with an overall five-
year survival rate of less than 15% [1,3]. New biological markers of
NSCLC carcinogenesis may provide important progress in clinical
decision making [4]. Emerging evidences have suggested functional
molecules involved in cell-cycle control, DNA repair, proliferation,
apoptosis that may modulate response to platinum-based chemo-
therapy and serve as promising biomarkers for individualized
chemotherapy and prognosis of NSCLC patients [24-27].

SOX2 expression plays a critical role incell cycle control, DNA
damage response and long-term self-renewal in neural stem cells
[28,29]. Moreover, several studies and our data have identified that
SOX2 expression correlated with tumorigenesis, chemoresistance,
and maintaining the stem cell-like phenotype in cancer cells [7-9,30].
Recently, it has been reported that SOX2 expression may serve as a
promising biomarker in prognosis of NSCLC [7,16-18,21,23,31,32],
however, these results were contradictory. Therefore, the present
meta-analysis, is a quantitative approach to statistically integrate and
analyze the association between SOX2 expression and NSCLC
clinicopathological characteristics and overall survival.

Recent results show that SOX2 is more frequently up-
regulatedin  SCC than ADC patients [7,16,23], which was

Abbreviations: SCC, squamous cell carcinomas; ADC, adenocarcinomas; OR, odds ratios.

accordant with our meta-analysis that SOX2 expression was
positively associated with SCC compared with ADC. Though
SOX2 over-expression was reported to associate with lower tumor
grade, smaller tumor size and lower probability of invasion and
metastasis [23] and former and current smoking status [7], here
our results showed that SOX2 positive expression was not
correlated with these clinicopathological parameters. Simulta-
neously, reports also indicate that SOX2 amplification and over-
expression have significant, non-significant and contradictory
association with outcome in NSCLC [16,23,31]. For example,
SOX2 over-expression was recently reported to beassociated with
better outcome in SCC [23], but with poor outcome in early stage
lung ADC [17]. Our results found that despite of histology, high
SOX2 expression was a positive prognostic biomarker. This
finding was supported by the notion of Velcheti et al. that the
association SOX2 expression with better survival is independent
from the histological subtype [16].

This systematic review has some limitations. First, the number
of included studies, as well as the included NSCLC patients in
each study, is relatively small. Secondly, though no significant
heterogeneity across studies was detected in our study, we could
not fully neglect potential heterogeneity. The subgroup and meta-
regression analysis were used to assess the sources of heterogeneity.

Study

Y.Lu (2010)

L. M. Sholl (2010) g
T. Wilbertz1 (2011)
H. Sasaki (2012)

-

X. X. Li (2012) -
V. Velcheti (2013) '
Training cohort

Validation cohort

Overall

.

HR (95% Cl) % Weight

0.35(0.17,0.73) 10.6
1.94 (0.97,3.90) 11.1
0.66 ( 0.46, 0.94) 18.4
0.81(0.42,1.59) 11.7
0.48(0.19,1.24) 7.7

0.46 ( 0.36, 0.60) 20.8
0.67(0.49,0.90) 19.7
0.65(0.47,0.89) 100.0

.170000

1
HR

5.88235

Figure 2. Forest plot showed that the SOX2 expression was associated with overall survival of NSCLC.

doi:10.1371/journal.pone.0071140.9002
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Figure 3. Begg’s and Egger’s funnel plot estimated the publication bias of the included literature.

doi:10.1371/journal.pone.0071140.9003

When these studies moved, the heterogeneity was decreased but
the pooled results were not influenced, which suggested these data
are stable. Thirdly, the methods used for the assessment of the
level of SOX2 expression in NSCLC patients differed among these
studies. Besides, there were some differences among these studies
in cutoff values of defining the specimens as positive SOX2
expression or amplification. The new studies with same cutofl’
values must be recruited and combined for further evaluation.
Moreover, the cutoff value would be obtained by statistic models,
such as receiver operator characteristic (ROC) analysis, the area
under thecurve (AUC) at different cutoft values for survival time
was calculated, which has been used in our previous studies
[33,34]. Therefore, additional studies with the larger sample sizes,
high quality and different ethnic background are needed to make a
more definitive conclusion.

In summary, our meta-analysis showed that SOX2 expression
was not correlated with clinicopathological parameters except for
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