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ABSTRACT 

 

Introduction: SOX2, a transcription factor for maintenance and pluripotency 

of embryonic stem cells during development, is overexpressed in lung cancer. 

Recently, several study reported that SOX2 expression was associated with 

FGFR2 expression. This study evaluated SOX2 expression in nonsmall cell 

lung carcinoma (NSCLC) and correlated with FGFR2 gene and protein 

expression. 

Methods: Archived NSCLC tissue (training set, n = 389; validation set, 

n=408) using tissue microarray were analyzed for SOX2 and FGFR2 

immunohistochemistry and FGFR2 FISH. The results of immunostaing and 

FISH were compared each other and correlated with clinicopathologic 

features of the patients. 

Results: SOX2 expression was present only in squamous cell carcinoma (p 

=0.000). SOX2 expression in squamous cell carcinoma was not correlated 

with FGFR2 expression. FGFR2 protein expression was significantly higher 

in adenocarcinoma than squamous cell carcinoma (p =0.000). FGFR2 

cytoplasmic expression was associated with absence of lymph node metastasis 

(p =0.016) and lower TNM stage (p = 0.010) in adenocarcinoma of validation 

set. FGFR2 protein expression was an independent good prognostic factor in 

adenocarcinoma (p =0.012) of validation set. In squamous cell carcinoma, 

FGFR2 high gene copy number was identified in 2.7% and 6% tumors of the 

training and validation set. In adenocarcinoma, FGFR2 high gene copy 

number was identified in 3.0% and 4.3% of the training and validation set. 



 

 

ii 

 

FGFR2 high gene copy number showed male preponderance. In only training 

set, FGFR2 gene copy number gain acted as an independent poor prognostic 

factor in squamous cell carcinoma subgroup (p = 0.003). FGFR2 protein 

expression and FGFR2 gene copy number gain were not correlated each other 

in NSCLC. In 8 selected NSCLCs, intratumoral heterogeneity of FGFR2 

immunohistochemistry and FGFR2 FISH pattern was observed. 

Conclusions: SOX2 expression is not exactly correlated with FGFR2 

expression in this study. FGFR2 showed various protein expression pattern 

according to subtype of lung cancer. Increased gene copy number of FGFR2 

could be a poor prognostic factor in pulmonary squamous cell carcinoma 

patients. Discrepancy between FGFR2 protein and gene expression was 

observed resulting from intratumoral heterogeneity. Further study on 

expression of FGFR2 isotype and meticulous review of FGFR2 gene state 

should be proceeded. 

---------------------------------------------------------------------------------------------- 

Keywords: SOX2, FGFR2, prognosis, non-small cell lung cancer 

Student number: 2009-31100 
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INTRODUCTION 
 

 

Lung cancer is the leading cause of cancer-related death in South Korea
1
 and 

worldwide.
2
 Advances in molecular techniques have provided new insights 

into pathogenesis of non-small cell lung cancer (NSCLC) and opportunities to 

develop target therapies.
3
 Pulmonary adenocarcinoma is the most common 

histologic type of NSCLC.
4
 EGFR mutation, EGFR amplification, KRAS 

mutation, and EML4-ALK translocation are well-known driver mutations in 

pulmonary adenocarcinoma.
3
  Squamous cell carcinoma, the second 

common pulmonary carcinoma harbors multiple genetic alterations, including 

activation of oncogenes such as SOX2, FGFR1, EGFR and DDR2 and 

inactivation of tumor suppressor gene such as p53 and p16.
5, 6

 

 The sex determining region of Y-box 2 (SOX2) is a transcription regulator 

that is involved in maintenance of embryonic stem cells and in induction of 

pluripotent stem cells.
7, 8

 SOX2 plays important roles in lung branching 

morphogenesis
9
 and maintenance of respiratory epithelial cells.

10
 SOX2 was 

reported to be deregulated in different types of malignancies
11-16

 and to serve 

as a prognostic factor.
17, 18

 Although numerous transcription factors from a 

wide range of families have been found to interact with SOX2 protein,
19

 how 

SOX2 exerts its oncogenic potential is unknown. Recently, Ping Yuan et al
20

 

reported that expression of SOX2 mRNA correlated with that of Fibroblast 
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growth factor receptor 2 (FGFR2) gene.  Therefore, it might be 

hypothesized that SOX2, as a transcription factor can induce expression of 

FGFR2 gene and SOX2 expression is associated with FGFR2 expression in 

histologic section. 

In this study, we evaluated protein expression of SOX2 and FGFR2, and 

FGFR2 gene copy number in NSCLC. We correlated SOX2 protein 

expression with expression of FGFR2 protein and gene as well as 

clinicopathological features.  
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MATERIALS AND METHODS 

 

1. Patients and Samples 

This study included 389 consecutive NSCLC patients who underwent surgical 

resection at the Seoul National University Hospital, Korea from January 1997 

to February 2002 as a test set using tissue microarray (TMA). 

Bronchioloalveolar carcinoma was excluded in this study. The cohort 

consisted of 176 cases of adenocarcinoma, 195 cases of squamous cell 

carcinoma, 6 cases of adenosquamous cell carcinoma, 11 cases of large cell 

carcinoma, and 1 case of large cell neuroendocrine carcinoma. The histology 

of the lung cancers were classified according to the 2004 WHO classification. 

To validate our results, we constructed another TMA set consisted of 267 

cases of squamous cell carcinoma and 141 cases of adenocarcinoma, which 

were collected from 408 surgically resected NSCLC at Seoul National 

University Hospital from January 2007 to December 2010. This study was 

approved by the institutional review boards at the Seoul National University 

Hospital. 

 

2. Clinicopathologic Evaluation 

The clinical features included patient age at surgery, gender, and clinical 

outcome. The date of each individual’s death in the training set was 

investigated through the data bank of Korea Statistics Promotion Institute. 

Follow-up in the validation set was assessed by medical record review. 
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Cancer-specific survival duration was measured from the date of surgery to 

the date of cancer-related death or last follow-up. The pathological slides were 

re-examined by HSP and JWS. The pathological features including histologic 

subtype, pathologic TNM stage according the 2009 American Joint 

Committee on Cancer were evaluated. The EGFR mutation states were 

obtained in the validation cohort by medical record review. The baseline 

characteristics of training and validation set are summarized in Table 1. 

 

3. Construction of Tissue microarray 

One representative core tissue (2mm in diameter) was taken from a paraffin 

block of each case and arranged in a new recipient paraffin block using a 

trephine apparatus (Superbiochips Laboratories, Seoul, Korea). The 4 um 

thick sections were taken from the each TMA blocks for 

immunohistochemistry and FISH. 

 

4. Immunohistochemistry 

Immunohistochemical staining of SOX2 and FGFR2 was performed using a 

Leica BondTM system (Leica Microsystem,Wetzlar, Germany). In brief, the 

sections were pretreated using hear mediated antigen retrieval with sodium 

citrate buffer (pH6, epitope retrieval solution 1) for 20 mins. Then, they were 

incubated with antibodies for SOX2 (rabbit polyclonal, 1:300, Milipore, 

Billerica, MA, USA) and FGFR2 (rabbit polyclonal, 1:1000, Abcam, 

Cambridge, USA), for 15 mins at room temperature and detected using and 
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HRP conjugated compact polymer system. DAB was used as a chromogen 

and counterstaining was performed with Mayer’s hematoxylin. 

SOX2 was considered positive if moderate staining of >10% of tumor nuclei. 

FGFR2 was considered positive if moderate staining of >10% of tumor cells. 

FGFR2 expression patterns were evaluated both in cytoplasmic staining and 

membranous staining. 

 

5. Fluorescence in situ hybridization (FISH) 

FISH for FGFR2 was performed using Macprobe (Macrogen, Seoul, Korea), 

which was composed of FGFR2 gene probe spanning the locus 10q26.13 

(BAC clones #669 and #493) and a reference probe hybridizing to 

10q12.1(BAC clones #5531, #5344, and #46). Briefly, 3 µm-thick sections 

from FFPE tissue blocks were deparaffinized, dehydrated, and treated with 

0.2N HCl for 20 min. They were immersed in a solution containing 1:1 citrate 

(0.01M) and EDTA (0.001M) buffer, boiled in a microwave for 5 min, treated 

with pretreatment reagent (Abbot Molecular) at 80°C for 30 min and washed 

sequentially in distilled water for one minute and in 2X SSC twice for 5 

minutes. The slides were reacted with protease mixed with a protease buffer 

(Abbot Molecular) at 37ºC. After washing in 2X SSC buffer twice, they were 

air dried at room temperature. FGFR2 macprobe was mixed with Human cot-

1 DNA, Salmon sperm DNA, and hybridization solution and the probe 

mixture was applied to the slides. They were denatured at 75ºC for 5 minutes, 

and hybridized overnight in a humidified chamber at 37ºC. Tissue sections 
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were washed in 0.3% NP40/2X SSC at 76ºC and then washed in 0.3% 

NP40/2X SSC at room temperature for 5 minutes. For nuclei counterstaining, 

4,6-diamino-2-phenylindole II and antifade compound (p-phenylenediamine) 

were applied. Signals for each probe were evaluated under a microscope 

equipped with a triple-pass filter (DAPI/Green/Orange; Vysis) and an oil 

immersion objective.  At least 100 non-overlapping tumor nuclei were 

counted per case. 

 High gene copy number was defined as high polysomy (≥ 4 copies in ≥ 40% 

of cells using Colorado system
21

) or gene amplification (presence of tight 

gene clusters, a ratio of the FGFR2 gene to chromosome 10 of ≥ 2, or ≥ 15 

copies of FGFR2 per cell in ≥ 10% of cells). 

 

6. Statistical analysis 

The association between protein expression and clinicopathologic variables 

was evaluated using the χ
2 

test. Cancer-specific survival curves were 

calculated by the Kaplan-Meiermethod, and the log-rank test was used to 

evaluate the statistical difference. In addition, prognostic implications of each 

clinicopathologic and molecular parameterwere evaluated in the subgroups 

stratified according to histologic subtypes (194 squamous cell carcinomas and 

188 adenocarcinomas) from the test set. Any clinicopathologic variables or 

the expression of certain proteins with a log-rank p-value less than 0.05 were 

entered into the multivariate analysis. The Cox proportional hazardsmodel 

was used for the multivariate analysis to identify independent prognostic 
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factors forsurvival in a test set, squamous cell carcinoma subgroup, and 

adenocarcinoma subgroups. All statistical analyses were conducted using the 

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). All p-values less than 0.05 

were considered statistically significant. 
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RESULTS 

 

1.Clinicopathologic analysis of SOX2 expression in NSCLC 

SOX2 nuclear expression was observed in 98 (25.2%) tumors in the training 

set (Table 2) (Figure 1). In the training set, SOX2 nuclear expression was 

significantly associated with male gender (p = 0.000), age over 60 years (p = 

0.000), squamous cell histology (p = 0.000), and lymph node metastasis (p = 

0.014). No adenocarcinoma showed SOX2 nuclear expression. Absence of 

SOX2 expression was significantly present in tumors with FGFR2 

cytoplasmic expression (p = 0.000) (Table 2). FGFR2 membranous 

expression and FGFR2 gene copy number gain were not correlated with 

SOX2 expression.  

Since SOX2 nuclear expression was observed exclusively in squamous cell 

carcinomas, we performed χ
2 
test in squamous cell carcinoma group (Table 3). 

SOX2 expression was significantly higher in lower stage (p = 0.007) in the 

validation set only. SOX2 expression tended to be associated with lower 

pathologic stage with marginal significance (p = 0.077). There was no 

significant relationship with other clinicopathological parameters including 

FGFR2 expression and FGFR2 gene copy number gain. 

Aberrant cytoplasmic expression of SOX2 was present in 53 (13.6%) 

squamous cell carcinomas, 35 (8.9%) adenocarcinomas, and 3 (0.7%) cases of 

other histologic type from training set and 127 (31.1%) squamous cell 

carcinomas and 74 (18.1%) adenocarcinomas from validation set(Figure 1), 
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but there was no significant relationship with clinicopathological features 

(data not shown). 

 

2. FGFR2 expression in NSCLC 

In the training set, FGFR2 cytoplasmic expression was present in 88 (22.8%) 

cases (Table 4) (Figure 2).  FGFR2 cytoplasmic expression was significantly 

associated with female gender (p = 0.000), age of 60 or less (p = 0.000), and 

adenocarcinoma histology (p = 0.000). FGFR2 membranous expression was 

observed in 4 (0.9%) cases and FGFR2 gene copy number gain was identified 

in 9 (2.4%) cases in the training set (Table 4) (Figure 2). There was no 

clinicopathologic correlation with FGFR2 membranous expression and 

FGFR2 gene copy number gain. The result of cytoplasmic or membranous 

expression of FGFR2 was not correlated with FGFR2 gene status. 

 In adenocarcinoma subgroup analysis, FGFR2 cytoplasmic expression was 

significantly present in pN0 state (p = 0.016) and lower pathologic stage (p = 

0.010) only in the validation set (Table 5). 

Clinicopathologic correlation of FGFR2 copy number gain was performed 

separately in squamous cell carcinoma subgroup and adenocarcinoma 

subgroup of training set (Table 6) as well as validation set (Table 7). FGFR2 

copy number gain was exclusively present in male except in adenocarcinoma 

subgroup of training set, but this correlation was statistically significant only 

in adenocarcinoma subgroup of validation set (Table 7). Tumor with FGFR2 

gene copy number gain presented significantly FGFR2 membranous 
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immunostaining in training set (Table 6). However, none of tumors with 

FGFR2 increased gene copy number showed FGFR2 membranous expression 

in validation set (Table 7).  

 

3. Prognostic significance of SOX2 and FGFR2 expression 

In univariate survival analysis, there was no survival difference according to 

the tumor SOX2 expression in the training set, validation set, squamous cell 

carcinoma subgroup, and adenocarcinoma subgroup (Table 8). Patients with 

higher pathologic stage and FGFR2 gene copy number gain showed 

significant shorter cancer-specific survival in the training set (Table 8) (Figure 

4). In squamous cell carcinoma subgroup of the training set, higher pathologic 

stage (p < 0.0005) and FGFR2 gene overexpression (p = 0.0049) were 

significant worse prognostic factor (Table 8) (Figure 5). Kaplan-Meier 

analysis according to the SOX2 expression profile in squamous cell 

carcinoma subgroup showed differences in survival curves, but this is not 

statistically significant (p = 0.3428) (Figure 4). In adenocarcinoma subgroup 

of the training set, age over 60 year (p = 0.0083), male gender (p = 0.0124), 

higher pathologic stage (p = 0.000), absence of FGFR2 cytoplasmic 

expression (p = 0.0071) were significant worse prognostic factor (Table 8) 

(Figure 6). In validation set, only pathologic stage was a significant 

prognostic factor (Table 8). 

4. Multivariate analysis for cancer-specific survival in 3 groups 
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Multivariate analysis revealed that higher stage and FGFR2 gene 

overexpression were independent worse prognostic factorsfor cancer-specific 

survival in the training set (HR, 2.419; 95% CI, 1.797-3.257; p = 0.000 and 

HR, 2.363; 95% CI, 1.108-5.040; p = 0.026, respectively) (Table 9).  

In squamous cell carcinoma subgroup of the training set, higher stage and 

FGFR2 gene overexpression were also independent worse prognostic factors 

(HR, 2.348; 95% CI, 1.474-3.739; p = 0.000 and HR, 4.717; 95% CI, 1.703-

13.065; p = 0.003, respectively) (Table 9).  

In adenocarcinoma subgroup of the training set, age over 60 years, male 

gender, and higher stage were independent worse prognostic factors (HR, 

2.038; 95% CI, 1.348-3.082; p = 0.001; HR, 1.682; 95% CI, 1.108-2.554; p = 

0.015;HR, 3.458; 95% CI, 2.263-5.285; p = 0.000, respectively). FGFR2 

cytoplasmic expression was an independent good predictor in adenocarcinoma 

subgroup (HR, 0.626; 95% CI, 0.416-0.942; p = 0.025) (Table 9). 
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DISCUSSION 

 

The sex determining region of Y-box 2 (SOX2) is a high-mobility group 

transcription factor
22

 that are essential for maintenance and pluripotency of 

embryonic stem cells in conjunction with Oct4 and Nanog during 

embryogenesis.
23

 SOX2 is also important for lung development including 

branching morphogenesis and epithelial cell differentiation.
9
 SOX2 is 

required for self-renewal of Clara cells and differentiation of Clara cells into 

ciliated or goblet cells.
10

 

Recent studies have demonstrated that SOX2 expression is related to several 

types of malignancy. Yuichi et al suggested that SOX2 expression is involved 

in later events of carcinogenesis in pancreatic cancer.
24

 Silencing of SOX2 in 

glioblastoma cells causes cessation of proliferation.
25

 SOX2 is overexpressed 

in squamous cell carcinoma of uterine cervix,
16

 esophagus,
26

 and lung.
20,26

 

Wilbertz et al. found that amplification and overexpression of SOX2 were 

highly specific in lung squamous cell carcinoma, but not in adenocarcinoma.
27

 

SOX2 has been described as a stemness phenotype since it is expressed in 

poorly differentiated tumors.SOX2 is frequently expressed in basal-like breast 

carcinomas.
28

 SOX2 expression was reported as an independent poor 

prognostic factor in node-negative oral tongue squamous cell carcinoma
18

 and 

in hepatocellular carcinoma.
29

 

Downstream target of SOX2 in carcinogenesis is not elucidated even 

though physiological function of SOX2 is being actively investigated. In 
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mouse embryos, FGFR2 along with Tead4, Yap, Cdx2, and Eomes were 

downregulated after knockdown of SOX2 using siRNA.
30

 In breast cancer, 

SOX2 act synergistically with β-catenin to promote tumoriogenesis through 

transcription regulation of CCND1 gene.
31

 Fibroblast growth factor 2 (FGF2), 

which was known direct SOX2 targets in human embryogenic stem cells, was 

reported to be significantly correlated with SOX2 expression in lung 

squamous cell carcinoma.
13

 FGFR2 is also required in lung branching 

morphogenesis.
32

 In mRNA analysis, SOX2 expression was associated with 

FGFR2 expression.
29

 Combination of SOX2 with FGFR2 IIIb isoform 

expression was found to promote anchorage-independent growth in 

immortalized tracheobronchial epithelial cells, although SOX2 expression 

alone was not.
26

 According to the several studies above, FGFR2 can be 

considered as one of the target molecules of SOX2 in oncogenesis.  

Herein, we assessed expression of SOX2 and FGFR2 in NSCLC tissue using 

immunohistochemistry and FISH. In this study, SOX2 nuclear expression was 

observed in squamous cell carcinoma only, consistent with previous study.
27

 

However, this study failed to show prognostic significance of SOX2 

expression in squamous cell carcinoma subgroup. Prior study on prognostic 

impact of SOX2 amplification and expression in pulmonary squamous cell 

carcinoma showed significant better outcomes in univariate analysis, but not 

in multivariate analysis. Immunohistochemical expression of SOX2 of 

precursor lesions including bronchiolar metaplasia, squamous dysplasia and 

squamous cell carcinoma in situ has been reported.
20, 33

 This would imply 
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SOX2 expression or amplification might occur during early step in squamous 

cell carcinoma development and altered expression of SOX alone may not be 

enough to induce malignant transformation and aggressive tumor behavior.
34

  

In this study association of SOX2 and FGFR2 protein expression was not 

observed and correlation of FGFR2 protein and gene expression, neither. The 

antibody for FGFR2 used in this study may be one of the reasons to cause this 

discrepancy. 

FGFR2 gene encodes multiple isoforms generated by alternative splicing in 

mutually exclusive (tissue-specific) manner.
35

 FGFR2 IIIb and FGFR2 IIIc 

are representative FGFR2 isoforms that are almost identical except the latter 

half of the third Ig-like domain. Expression of FGFR2 IIIb (also called 

keratinocyte growth receptor/K-sam-II) is restricted to epithelial cells, 

whereas expression of FGFR2 IIIc (also called Bek/K-sam-I) is limited to 

mesenchymal cells.
36

 AlthoughFGFR2 IIIb bindsFGF7 and FGF10 which are 

generally produced by mesenchymal cells, FGFR2 IIIc binds to FGF2 and 

FGF18 expressed by epithelial cells. This paracrine signaling loops between 

epithelial and mesenchymal cells play an important role in normal 

embryogenesis. However, exon switching and expression of FGFR2 IIIc in 

epithelial cells, resulting autocrine signaling has been described in tumor 

progression and invasion in rat prostate
37

 and bladder
38

 carcinoma cells. In 

breast cancer, expression of FGFR2 IIIc was associated with more advanced 

tumor stages
39

 and correlated with an epithelial-mesenchymal transition.
40

  

The anti-FGFR2 antibody used in this study does not differentiate FGFR2 IIIb 
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isoform from FGFR2 IIIc isoform. The positive result of FGFR2 

immunohistochemistry in this study can represent either expression of FGFR2 

IIIb or FGFR2 IIIc, which acts as a confoundingfactor to contribute no 

relationship between SOX2 and FGFR2 expression in squamous cell 

carcinoma. Further study should be continued to specify clinicopathologic 

correlation of SOX2 expression with both epithelial-specific FGFR2 IIIb and 

mesenchymal-specific FGFR2 IIIc expression in NSCLC. 

FGFs and their receptors are crucial for cell proliferation, survival and 

migration. As such, they are susceptible to be an error causing cancer 

development. Somatic missense mutation occurs in endometrial cancer, lung 

cancer, breast cancer, gastric cancer, and ovarian cancer.
41-43

 Gene 

amplification and overexpression of FGFR2 is found in breast and gastric 

cancer
44

 and they are associated with poor prognosis. As described previously, 

class switch from FGFR2 IIIb to FGFR2 IIIc is involved in malignant 

transformation of prostate and bladder cancer. Vascular endothelial growth 

factor signaling inhibitor was reported to exert antitumor activity on gastric 

cancer cell lines with FGFR2 gene amplification.
45

 FGFR2 inhibitors are 

considered target therapeutic agents and arecurrently in phase I or II clinical 

trials. High gene copy number of FGFR2 was observed in 9.8% of pulmonary 

pleomorphic carcinoma in a single center study.
46

 There is no previous study 

regarding FGFR2 gene and protein overexpression in lung cancer in a large 

scale cohort. Therefore, state of FGFR2 gene copy number in NSCLC and 
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correlation with clinicopathologic parameters and FGFR2 protein expression 

were evaluated in this study.  

 FGFR2 gene copy number gain was observed in 2.7% of squamous cell 

carcinoma and 3.0% of adenocarcinoma of the training set and in 6% of 

squamous cell carcinoma and 4.3% of adenocarcinoma of the validation set. 

FGFR2 gene copy number gain was not correlated with FGFR2 

immunostaing or other clinicopathologic features. Since membranous FGFR2 

protein expression was not exactly correlated with FGFR2 gene status, some 

discordant cases between FGFR2 protein and gene expression were selected 

to perform immunohistochemistry and FISH on full tumor section. Five out of 

8 cases showed heterogeneity in FGFR2 immunostaing pattern and 3 out of 8 

tumors presented heterogeneity in FGFR2 gene status (Table 10) (Figure 7). 

Intratumoral heterogeneity in FGFR2 protein and gene expression might have 

an influence on discrepancy between FGFR2 immunostaining and FGFR2 

gene copy number gain. 

FGFR2 gene overexpression was significant independent poor prognostic 

factor in squamous cell carcinoma group of training set only. Squamous cell 

carcinoma patients in validation set might have not enough follow-up periods 

to occur statistical significance. There is possibility to over diagnose FGFR2 

copy number gain in tumors of validation set compared to the training set. 

Further study with longer follow-up period and recheck of FISH result should 

be needed. However, contribution of FGFR2 gene in aggressive tumor 

behavior of pulmonary squamous cell carcinoma could not be excluded. 
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FGFR2 protein expression was identified in predominantly in 

adenocarcinoma. Adenocarcinoma patients with FGFR2 cytoplasmic 

expression have good clinical outcome regardless of TNM stage in the 

training set only, not in the validation set. This may be result from 

inconsistent FGFR2 immunostaining and intratumoral heterogeneity.  

In summary, this study revealed that SOX2 expression is not exactly 

correlated with FGFR2 expression. FGFR2 showed various protein expression 

pattern according to subtype of lung cancer. Increased gene copy number of 

FGFR2 could be a poor prognostic factor in pulmonary squamous cell 

carcinoma patients. Further study on expression of FGFR2 isotype and 

meticulous review of FGFR2 gene state should be proceeded. 
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Table 1. Baseline characteristics of training and validation set 

 Training set 

(n = 389) 

Validation set 

(n = 408) 

Age, yr   

Median 61 66 

  Range 31-84 35-87 

Sex (%)   

  Male 294 (75.6) 332 (81.4) 

  Female 95 (24.4) 76 (18.6) 

Histologic type (%)   

  Squamous cell 

carcinoma 

195 (50.1) 267 (65.4) 

  Adenocarcinoma 176 (45.2) 141 (34.6) 

  Others 18 (4.6) 0 

pTNM stage (%)   

  I 180 (46.3) 218 (53.4) 

  II 108 (27.8) 106 (26.0) 

  III 98 (25.2) 78 (19.1) 

  IV 3 (0.8) 3 (0.7) 

  Not applicable 0 3 (0.7) 

Cancer-specific survival, 

mo 

  

  Median 74 36 

  Range 0-176 0-70 

EGFR state   

  Wild type NA 269 (65.7) 

  Mutation NA 85 (20.3) 

  Not performed 401 57 (14.0) 
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Table 2. Clinicopathologic correlation of SOX2 expression in training 

set 

Variables 
SOX2 expression P-

value Absent (%) Present (%) 

Subtotal 291 (74.3) 98 (25.2)  

Sex    

  Male 198 (68.0) 96 (98.0) 0.000 

  Female 93 (32.0) 2 (2.0)  

Age, yr    

  ≤ 60 140 (48.1) 23 (23.5) 0.000 

  > 60 151 (51.9) 75 (76.5)  

Histology    

Squamous cell carcinoma 97 (33.6) 98 (100) 0.000 

  Adenocarcinoma 176 (60.2) 0  

  Others 18 (6.2) 0  

pT    

  T1, T2 235 (81.3) 88 (89.8) 0.051 

  T3, T4 54 (18.7) 10 (10.2)  

pN    

  N0 178 (63.6) 48 (50.5) 0.025 

  N1, N2 102 (36.4) 47 (49.5)  

pM    

  M0 286 (99.0) 98 (100) 0.311 

  M1 3 (1.0) 0  

pStage    

  I, II 212 (73.4) 75 (76.5) 0.535 

  III, IV 77 (26.6) 23 (23.5)  

FGFR2 expression, 

cytoplasmic 

   

Absent 201 (70.0) 96 (99.0) 0.000 

  Present 86 (30.0) 1 (1.0)  

FGFR2 expression, 

membranous 

   

  Absent 283 (98.6) 98 (100) 0.240 

Present 4 (1.4) 0  

FGFR2 gene copy number 

gain 

   

  Absent 268 (97.8) 91 (96.8) 0.587 

  Present 6 (2.2) 3 (3.2)  
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Table 3. Clinicopathologic correlation of SOX2 expression in squamous cell carcinoma 

Variables 

Training set (n=195) 
  

Validation set (n=267) 

SOX2 expression 

P-value 

  

SOX2 expression 

P-value Absent 

(%) 

Present 

(%) 

  

Absent 

(%) 

Present 

(%) 

Subtotal 97 (49.7) 98 (50.3)  
  

166 (62.2) 101 (37.8)  

Sex    
  

   

  Male 86 (88.7) 96 (98.0) 0.009 
  

162 (97.6) 99 (98.0) 0.818 

  Female 11 (11.3) 2 (2.0)  
  

4 (2.4) 2 (2.0)  

Age, yr    
  

   

  ≤ 60 35 (36.1) 23 (23.5) 0.054 
  

35 (21.1) 17 (16.8) 0.395 

  > 60 62 (63.9) 75 (76.5)  
  

131 (78.9) 84 (83.2)  

pT    
  

   

  T1, T2 79 (81.4) 88 (89.8) 0.096 
  

130 (78.3) 92 (91.1) 0.007 

  T3, T4 18 (18.6) 10 (10.2)  
  

36 (21.7) 9 (8.9)  

pN    
  

   

  N0 63 (68.5) 48 (50.5) 0.012 
  

95 (58.6) 60 (61.2) 0.681 

  N1, N2 29 (31.5) 47 (49.5)  
  

67 (41.4) 85 (38.8)  
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pM    
  

   

  M0 96 (99.0) 98 (100) 0.314 
  

166 (100) 101 (100) NA 

  M1 1 (1.0) 0  
  

0 0  

pStage    
  

   

  I, II 80 (82.5) 75 (76.5) 0.304 
  

123 (74.5) 83 (83.8) 0.077 

  III, IV 17 (17.5) 23 (23.5)  
  

42 (25.5) 16 (16.2)  

FGFR2 expression, 

cytoplasmic 

   
  

   

Absent 95 (97.9) 96 (99.0) 0.561 
  

164 (98.8) 99 (98.0) 0.613 

  Present 2 (2.1) 1 (1.0)  
  

2 (1.2) 2 (2.0)  

FGFR2 expression, 

membranous 

   
  

   

  Absent 96 (99.0) 98 (100) 0.314 
  

166 (100) 101 (100) NA 

Present 1 (1.0) 0  
  

0 0  

FGFR2 gene overexpression    
  

   

  Absent 93 (98.9) 91 (96.8) 0.312 
  

154 (93.3) 96 (95.0) 0.568 

  Present 1 (1.1) 3 (3.2)  
  

11 (6.7) 5 (5.0)  
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Table 4. Clinicopathologic correlation of alteration of FGFR2 expression in training set 

 FGFR2 cytoplasmic expression  FGFR2 membranous expression  FGFR2 increased GCN 

 Absent 

(%) 

Present 

(%) 

P- value  Absent 

(%) 

Present 

(%) 

P- value  Absent 

(%) 

Present 

(%) 

P- value 

Subtotal 298 (77.2) 88 (22.8)   383 (99.1) 4 (0.9)   361 (97.6) 9 (2.4)  

Sex   0.000    0.234    0.350 

  Male 246 (82.6) 45 (51.1)   290 (75.7) 2 (50.0)   272 (75.3) 8 (88.9)  

  Female 52 (17.4) 43 (48.9)   93 (24.3) 2 (50.0)   89 (24.7) 1 (11.1)  

Age, yr   0.000    0.492    0.610 

  ≤ 60 110 (36.9) 51 (58.0)   161 (42.0) 1 (25.0)   151 (41.8) 3 (33.3)  

  > 60 188 (63.1) 37 (42.0)   222 (58.0) 3 (75.0)   210 (58.2) 6 (66.7)  

Histology   0.000    0.126    0.629 

Squamous cell 

carcinoma 

191 (64.1) 3 (3.4)   194 (50.7) 1 (25.0)   184 (51.0) 4 (44.4)  

  Adenocarcinoma 91 (30.5) 83 (94.3)   172 (44.9) 2 (50.0)   161 (44.6) 4 (44.4)  

  Others 16 (5.4) 2 (2.3)   17 (4.4) 1 (25.0)   16 (4.4) 1 (11.1)  

pT   0.270    0.066    0.158 

  T1, T2 246 (82.6) 77 (87.5)   322 (84.1) 2 (50.0)   304 (84.2) 6 (66.7)  

  T3, T4 52 (17.4) 11 (12.5)   61 (15.9) 2 (50.0)   57 (15.8) 3 (33.3)  
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pN   0.767    0.545    0.767 

  N0 211 (60.5) 5 (55.6)   223 (60.1) 3 (75.0)   211 (60.5) 5 (55.6)  

  N1, N2 115 (40.2) 34 (38.6)   148 (39.9) 1 (25.0)   138 (39.5) 4 (44.4)  

pM   0.345    0.859    0.823 

  M0 295 (99.0) 88 (100)   380 (99.2) 4 (100)   359 (99.4) 9 (100)  

  M1 3 (1.0) 0   3 (0.8) 0   2 (0.6) 0  

pStage   0.375    0.267    0.796 

  I, II 224 (75.2) 62 (70.5)   285 (74.4) 2 (50.0)   267 (74.0) 7 (77.8)  

  III, IV 74 (24.8) 26 (29.5)   98 (25.6) 2 (50.0)   94 (26.0) 2 (22.2)  

FGFR2 expression, 

cytoplasmic 

      0.275    0.996 

Absent Not applicable   294 (77.0) 4 (100)   281 (77.8) 7 (77.8)  

  Present Not applicable   88 (23.0) 0   80 (22.2) 2 (22.2)  

FGFR2 expression, 

membranous 

 0.275        0.751 

  Absent 294 (98.7) 88 (100)  Not applicable   357 (98.9) 9 (100)  

Present 4 (1.3) 0  Not applicable   4 (1.1) 0  

GCN, gene copy number          
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Table 5. Cinicopathological characteristics according to FGFR2 cytoplasmic expression in 

adenocarcinomas, training and validation set 

 

Training set (n=174)  Validation set (n=141) 

Absent 

(%) 

Present 

(%) 

P-value  Absent 

(%) 

Present 

(%) 

P-value 

Subtotal 91 83    76 (53.9)  65 (46.1)  

Sex        

  Male 56 (61.5) 41 (49.3) 0.107  45 (59.2) 26 (40.0) 0.023 

  Female 35 (38.5) 42 (50.6)   31 (40.8) 39 (60.0)  

Age, yr        

  ≤ 60 49 (53.8) 47 (56.6) 0.713  31 (40.8) 23 (35.4) 0.510 

  > 60 42 (46.2) 35 (43.4)   45 (59.2) 42 (64.6)  

pT        

  T1, T2 79 (76.9) 74 (89.2) 0.033  73 (96.1) 61 (93.8) 0.548 

  T3, T4 21 (23.1) 9 (10.8)   3 (3.9) 4 (6.2)  

pN        

  N0 54 (62.1) 50 (60.2) 0.807  51 (70.8) 57 (87.7) 0.016 

  N1, N2 33 (37.9) 33 (39.8)   21 (29.2) 8 (12.3)  

pM        
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  M0 89 (97.8) 83 (100) 0.174  73 (96.1) 65 (100) 0.105 

  M1 2 (2.2) 0   3 (3.9) 0  

pStage        

  I, II 61 (67.0) 58 (69.9) 0.687  58 (76.3) 60 (92.3) 0.010 

  III, IV 30 (33.0) 25 (30.1)   18 (23.7) 5 (7.7)  

FGFR2 expression, membranous        

  Absent 89 (97.8) 83 (100) 0.174  73 (96.1) 65 (100) 0.105 

Present 2 (2.2) 0   3 (3.9) 0  

FGFR2 copy number gain        

  Absent 86 (97.7) 75 (97.4) 0.892  71 (93.4) 64 (98.5) 0.139 

  Present 2 (2.3) 2 (2.6)   5 (6.6) 1 (1.5)  
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Table 6. Cinicopathological characteristics according to FGFR2 copy number gain in training set 

Variables 

Squamous cell carcinoma  Adenocarcinoma 

FGFR2 copy number 

gain 
P-value 

 FGFR2 copy number 

gain 
P-value 

Absent 

(%) 

Present 

(%) 

 Absent 

(%) 

Present 

(%) 

Subtotal 180 (97.3) 5 (2.7)   160 97.0) 5 (3.0)  

Sex        

  Male 170 (92.9) 5 (100) 0.537  89 (55.6) 2 (40.0) 0.846 

  Female 13 (7.1) 0   71 (44.4) 3 (60.0)  

Age, yr        

  ≤ 60 55 (30.1) 0 0.145  89 (55.6) 3 (60.0) 0.846 

  > 60 128 (69.9) 5 (100)   71 (44.4) 2 (40.0)  

pT        

  T1, T2 156 (85.2) 5 (100) 0.353  128 (94.8) 6 (100) 0.567 

  T3, T4 27 (14.8) 0   7 (5.2) 0  

pN        

  N0 105 (60.0) 2 (40.0) 0.369  95 (60.9) 3 (60.0) 0.968 

  N1, N2 70 (40.0) 3 (60.0)   61 (39.1) 2 (40.0)  
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pM        

  M0 182 (99.5) 5 (100)  0.868  159 (99.4) 5 (100) 0.859 

  M1 1 (0.5) 0   1 (0.6) 0  

pStage        

  I, II 144 (78.7) 4 (80.0) 0.944  110 (68.8) 3 (60.0) 0.678 

  III, IV 39 (21.3) 1 (20.0)   50 (31.3) 2 (40.0)  

FGFR2 expression, cytoplasmic        

  Absent 180 (98.4) 5 (100) 0.610  85 (53.1) 3 (60.0) 0.762 

Present 3 (1.6) 0   75 (46.9) 2 (40.0)  

FGFR2 expression, membranous        

  Absent 183 (100) 4 (80.0) 0.000  158 (98.8) 4 (80.0) 0.002 

Present 0 1 (20.0)   2 (1.2) 2 (20.0)  

 

 

 

 

 

 

 

 

 

 



 

 

35 

 

 

Table 7. Cinicopathological characteristics according to FGFR2 copy number gain in validation set 

Variables 

Squamous cell carcinoma  Adenocarcinoma 

FGFR2 copy number 

gain 
P-value 

 FGFR2 copy number 

gain 
P-value 

Absent 

(%) 

Present 

(%) 

 Absent 

(%) 

Present 

(%) 

Subtotal 250 (94.0) 16 (6.0)   135 (95.7) 6 (4.3)  

Sex        

  Male 244 (97.6) 16 (100) 0.531  65 (48.1) 6 (100) 0.013 

  Female 6 (2.4) 0   70 (51.9) 0  

Age, yr        

  ≤ 60 46 (18.4) 6 (37.5) 0.062  52 (38.5) 2 (33.3) 0.798 

  > 60 204 (81.6) 10 (62.5)   83 (95.4) 4 (66.7)  

pT        

  T1, T2 210 (84.0) 12 (75.0) 0.348  128 (94.8) 6 (100) 0.567 

  T3, T4 40 (16.0) 4 (25.0)   7 (5.2) 0  

pN        

  N0 148 (60.9) 7 (43.8) 0.175  103 (78.6) 5 (83.3) 0.783 

  N1, N2 95 (39.1) 9 (56.3)   28 (21.4) 1 (16.7)  
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pM        

  M0 250 (100) 16 (100) NA  132 (97.8) 6 (100) 0.712 

  M1 0 0   3 (2.2) 0  

pStage        

  I, II 196 (79.4) 10 (62.5) 0.113  112 (83.0) 6 (100) 0.269 

  III, IV 51 (20.6) 6 (37.5)   23 (17.0) 0  

FGFR2 expression, cytoplasmic        

  Absent 246 (98.4) 16 (100) 0.610  71 (52.6) 5 (83.3) 0.139 

Present 4 (1.6) 0   64 (47.4) 1 (16.7)  

FGFR2 expression, membranous        

  Absent 250 (100) 16 (100) NA  132 (97.8) 6 (100) 0.712 

Present 0 0   3 (2.2) 0  

EGFR state        

Wild type 197 (97.0) 11 (91.7) 0.308  55 (42.6) 4 (66.7) 0.246 

Mutation 6 (3.0) 1 (8.3)   74 (57.4) 2 (33.3)  

 

 

 

 

 

 



 

 

37 

 

Table 8. Univariate analysis for clinicopathologic features in 3 groups 

Clinicopathologic features 

P-value  P-value 

Training 

set 

(n=389) 

Squamous cell 

carcinoma 

(n=195) 

Adenocarcin

oma 

(n=176) 

 

Validation 

set 

(n = 406) 

Squamous cell 

carcinoma 

(n=267) 

Adenocarci

noma 

(n=139) 

Age, ≤ 60 vs. > 60 0.2757 0.9087 0.0083  0.2436 0.9831 0.0913 

Sex, male vs. female 0.2672 0.4931 0.0124  0.8586 0.5160 0.0632 

pStage, I, II vs. III, IV 0.0000 0.0005 0.0000  0.0003 0.0055 0.0042 

SOX2 expression, absent vs. present 0.0751 0.3428 NA  0.8214 0.4703 NA 

FGFR2 cytoplasmic expression, absent 

vs. present 
0.1488 0.7367 0.0071  0.4187 0.6298 0.9391 

FGFR2 increased gene copy number, 

absent vs. present 
0.0452 0.0049 0.9515  0.2751 0.3030 0.7152 
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Table 9. Multivariate analysis for cancer-specific survival in 3 groups in training set 

Group Category 
Hazard 

ratio 

95% Confidence 

interval 

P-value 

Training 

set 

(n=389) 

Age ≤ 60 vs. >60 1.224 0.908-1.650 0.184 

Sex Female vs. male 1.221 0.866-1.721 0.256 

Stage  I, II vs. III, IV  2.419 1.797-3.257 0.000 

FGFR2 increased GCN absent vs. present 2.363 1.108-5.040 0.026 

      

SqCC 

(n=195) 

Age ≤ 60 vs. >60 1.023 0.637-1.642 0.926 

Sex Female vs. male 0.845 0.387-1.846 0.674 

Stage  I, II vs. III, IV 2.348 1.474-3.739 0.000 

FGFR2 increased GCN absent vs. present 4.717 1.703-13.065 0.003 

      

ADC 

(n=176) 

Age ≤ 60 vs. > 60 2.059 1.362-3.112 0.001 

Sex Female vs. male 1.667 1.097-2.532 0.017 

Stage I, II vs. III, IV 3.068 2.009-4.685 0.000 

FGFR2 cytoplasmic expression absent vs. present 0.593 0.394-0.893 0.012 

GCN, gene copy number; squamous cell carcinoma; ADC, adenocarcinoma 
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Table 10. FGFR2 expression on TMA and full section in some discordant cases between FGFR2 protein and 

gene expression 

TMA no. Age Sex Histology 
FGFR2 immunohistochemistry FGFR2 FISH 

TMA Full section TMA Full section 

TA1465-19 71 Female Adenocarcinoma Membranous 
Focal 

cytoplasmic 
Negative Positive 

TA1466-45 66 Male Large cell carcinoma Membranous Membranous Negative Negative 

TA1467-20 63 Male Squamous cell carcinoma Negative Negative Negative Positive 

TA1468-05 575 Female Adenocarcinoma Membranous Negative Negative Negative 

TA1469-13 51 Male Adenocarcinoma Membranous 
Membranous 

and cytoplasmic 
Positive Negative 

TA1645_14 60 Female Adenocarcinoma Membranous 
Membranous 

and cytoplasmic 
Negative Negative 

TA1645_37 53 Male Adenocarcinoma Membranous Cytoplasmic Negative Negative 

TA1645_45 48 Female Adenocarcinoma Membranous Membranous Negative Negative 
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(A)                               (B) 

 
(C)                               (D) 

 
Figure 1. SOX2 immunohistochemical staining in nonsmall cell 

carcinoma. 

(A) SOX2 nuclear expression in squamous cell carcinoma. (B) Absence of 

SOX2 expression in squamous cell carcinoma. (C) SOX2 cytoplasmic 

expression in adenocarcinoma. (D) Absence of SOX2 expression in 

adenocarcinoma. 
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(A) 

 
(B) 

 
(C) 

 
 

Figure 2. FGFR2 immunostaining in nonsmall cell carcinoma. 

(A) FGFR2 cytoplasmic expression in adenocarcinoma. (B) FGFR2 

membranous expression in adenocarcinoma. (C) Absence of FGFR2 

expression in squamous cell carcinoma. 
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 (A) 

 
(B) 

 
(C) 

 
 

Figure 3. FGFR2 FISH analysis in nonsmall cell carcinoma. 

(A) FGFR2 FISH negative. (B) FGFR2 FISH positive (gene amplification). 

(C) FGFR2 FISH positive (high polysomy). 
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(A)                               (B) 

 
(C) 

 

Figure 4. Kaplan-Meier survival plot for 389 nonsmall cell carcinomas in 

the training set. 

(A) According to the pathologic stage. (B) According to the FGFR2 FISH 

states. (C) According to the SOX2 expression. 
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(A)  

 
(B) 

 
Figure 5. Kaplan-Meier survival plot for 195 squamous cell carcinomas 

in the training set. 

(A) According to the pathologic stage. (B) According to the FGFR2 FISH 

states. 
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(A)                                   (B)            

 
(C)                                            (D) 

 
Figure 6. Kaplan-Meier survival plot for 176 adenocarcinomas in the 

training set. 

(A) According to the age. (B) According to the sex. (C) According to the 

pathologic stage. (D) According to the FGFR2 cytoplasmic expression. 

 

 

 

 

0 50 100 150 200

Follow-up months

0.0

0.2

0.4

0.6

0.8

1.0
C

a
n
c
e
r-

s
p
e
c
if

ic
 s

u
rv

iv
a
l

0 50 100 150 200

Follow-up months

0.0

0.2

0.4

0.6

0.8

1.0

C
a
n
c
e
r-

s
p
e
c
if

ic
 s

u
rv

iv
a
l

0 50 100 150 200

Follow-up months

0.0

0.2

0.4

0.6

0.8

1.0

C
a
n
c
e
r 

-
s
p
e
c
if

ic
 s

u
rv

iv
a
l

0 50 100 150 200

Follow-up months

0.0

0.2

0.4

0.6

0.8

1.0

C
a
n
c
e
r-

s
p
e
c
if

ic
 s

u
rv

iv
a
l

pStage I, II 

pStage III, IV 

P =0.0000 P =0.0071 

P =0.0124 P =0.0083 

Age ≤ 60 

Age > 60 

FGFR2 cytoplasmic expression 

 No FGFR2 cytoplasmic expression 

Female 

Male 



 

 

46 

 

 

 

 
 

Figure 7. FGFR2 immunohistochemistry and FISH on TMA and full 

sections in cases with discordant FGFR2 expression.  

(A), (B) Adenocarcinoma showing membranous expression of FGFR2 

without FGFR2 gene copy number gain. (C), (D), (E), (F) Squamous cell 

carcinoma with heterogenous FGFR2 protein expression: (C) focal 

membranous expression of FGFR2 in TMA section, (D) absence of FGFR2 

expression in full section, (E) FGFR2 gene amplification, (F) FGFR2 gene 

low polysomy.  
 

A B 

C D 

E F 
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국문 초록 
 

서론: 발생과정 중에 배아줄기세포의 유지와 전분화능에 중요한 역

할을 하는 전사인자로 알려진 SOX2 는 폐암에서 과발현된다고 알

려져 있다. 최군에 소수의 연구에서 SOX2 발현이 FGFR2 발현과 

관련되어 있다는 보고가 있었다. 본 연구에서는 비소세포폐암에서 

SOX2 발현을 조사하고 FGFR2 단백질발현 및 FGFR2 유전자 개체

수와의 관계를 알아보았다. 

방법: 서울대병원에서 수술로 적출된 비소서포폐암 조직(대조군 

389 례 실험군 403 례)으로 마이크로어레이를 제작하였고 이것으로 

SOX2 및 FGFR2 면역조직화학염색과 FGFR2 형광동제자라부합검

사를 시행하였다. SOX2 발현, FGFR2 단백발현, FGFR2 유전자 개

체수의 결과를 서로 비교하였고 임상병리학적 소견과의 관계도 조

사하였다. 

결과: SOX2발현은 편평세포암에서만 관찰되었다(p = 0.0000). 

편평세포암에서 SOX2의 발현은 임상병리학적 요소 혹은 FGFR2 

발현과 관련이 없었다. FGFR2의 단백질의 경우 편평세포암보다는 

선암에서 발현이 유의하게 높았다(p = 0.0000). 검증집합의 경우 

선암에서 FGFR2 단백질의 발현은 림프절 전이가 없는 경우(p = 

0.016)와 낮은 병리학적TMN병기와 유의한 상관관계가 있었다(p 

= 0.010). 또한 선암에서 FGFR2 단백질발현은 훈련집합의 
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경우에서만 독립적인 좋은 예후인자인 것으로 나타났다(p = 0.012). 

편평세포암에서 FGFR2 유전자 개체수 증가는 훈련집합군의 2.7%, 

검증집합군의 6%에서 나타났다. 선암의 경우 FGFR2 유전자 

개체수 증가는 훈련집합군의 3.0%, 검증집합군의 4.3%에서 

관찰되었다. 훈련집합군에서 FGFR2 유전자 개체수 증가는 

편평세포암 환자들에서는 독립적으로 불량한 예후인자인 것으로 

밝혀졌다 (p = 0.003).  FGFR2 단백질발현 및 FGFR2유전자 

개체수 증가는 서로간에 유의한 관련이 없었다. 일부 선택적으로 

FGFR2 면역조직화학검사와 형광동제자라부합검사를 종양의 

대표적인 모든 단면에서 시행한 8례에서 종양내의 이질성이 

관찰되었다. 

결론: 본 연구에서 비소세포폐암에서 SOX2 발현은 FGFR2 단백질 

발현과 연관되어있지 않았다. FGFR2 단백질 발현의 양상은 조직학

적 분류에 따라 다르게 나타났다. FGFR2 단백질 발현과 유전자 수 

증가의 양상은 다르게 나타났는데 종양내 발현의 이질성이 하나의 

원인으로 작용했을 수 있다. 향후 FGFR2 이소형을 구분할 수 있는 

항체를 사용하고 형광동제자라부합검사의 세말한 판독을 시행하는 

추가 연구가 진행되어야 한다. 

------------------------------------- 

주요어 :비소세포폐암, 예후, SOX2, FGFR2 

학  번 : 2009-31100 
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