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Abstract: Purpose: The clinical significance and biological functions of EGFR in tumor stroma of NSCLC were investi-
gated. Methods: Immunohistological staining of EGFR was evaluated in 145 patients with NSCLC using two different 
antibodies (sc-03 from Santa Cruz Biotechnology and ab2430 from abcom). The correlations of EGFR expression in 
tumor stroma with clinicopathological features were detected. Kaplan-Meier analysis and Cox proportional hazard 
modeling were used to assess overall survival to analyze the effect of EGFR expression in tumor stroma on the 
prognosis of NSCLC. Results: The results of EGFR antibody sc-03 showed that EGFR expression in tumor stroma 
correlated significantly with clinical stage (χ2 = 7.51, P = 0.023), tumor size (χ2 = 6.28, P = 0.043) and examed axil-
lary node metastases (χ2 = 3.94, P = 0.047). Patients with high EGFR expression level in tumor stroma showed poor 
survival (P = 0.001). Multivariate analysis showed that EGFR high expression in tumor stroma was an independent 
predictor for NSCLC patients (hazard ratio = 2.02; 95% confidence interval 1.16-3.50, P = 0.01). Another antibody 
ab2430 got the similar results, and EGFR expression in tumor stroma correlated significantly with clinical stage  
(χ2 = 14.95, P = 0.001) and tumor size (χ2 = 6.31, P = 0.043) and poor survival (P < 0.001). Furthermore, overex-
pressing EGFR in fibroblasts promoted the growth ability and colony formation ability of adjacent lung cancer cell. 
Conclusions: High levels of EGFR expression in tumor stroma were associated with aggressive clinical behaviors in 
NSCLC. Higher expression of EGFR in tumor stroma was an independent prognosis factor for NSCLC patients. 
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Introduction

Lung cancer is the most common in the world-
wide and the leading cause of cancer-related 
deaths in both men and women [1]. Although 
the therapy has improved with recent advances 
in systemic chemotherapy and targeted thera-
py, the prognosis for patients with advanced 
non-small-cell lung cancer (NSCLC) still remains 
poor. There are many biomarkers which can 
predict the prognosis of lung cancer, but many 
of which are not specific. Among many molecu-
lar markers been reported, the epidermal 
growth factor receptor (EGFR) over expression 
are common in NSCLC [2].

EGFR is one of the receptor tyrosine kinases 
(RTK), mediating responses of extracellular  
signals to control cell differentiation, prolifera-
tion and migration [3]. Dysregulation of EGFR 
expression and signaling is well documented to 
contribute to the progression and metastasis 
of breast cancer [4, 5]. EGFR phosphorylates 

itself and recruits the signal transduction 
machinery, following activated by ligands, such 
as EGF and TGF [6]. Simultaneously, activated 
receptors can induce their own endocytosis, 
and it is thought that the endocytosis of EGFR  
is to terminate the signal through removal of 
receptors from the cell surface [7].

Not surprisingly, there are many published 
papers attempting to get the relationship be- 
tween EGFR protein overexpression and surviv-
al. However, the data regarding the prognostic 
role of EGFR expression are inconsistent, with 
some reports indicating that EGFR is associat-
ed with poor survival [8, 9] while no prognostic 
association was seen in other reports [10, 11]. 
Especially, many people are concerned about 
the high expression of EGFR in tumor cells, but 
EGFR expressed in tumor stroma attracted lit-
tle attention.

The tumor stroma, consisting of stromal myofi-
broblasts, endothelial cells, and leukocytes, is 
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growingly perceived as a major contributor to 
the pathogenesis and disease progression in 
practically all cancer types [12]. Stromal myofi-
broblasts produce angiogenic factors, proteas-
es, growth factors, immune response-modulat-
ing proteins, anti-apoptotic proteins, and sig-
naling molecules, and express surface recep-
tors and respond to stimuli initiated in the 
tumor cells to establish a bi-directional commu-
nication network in the microenvironment to 
promote tumor cell invasion and metastasis 
[13].

Although many studies have demonstrated the 
expression of EGFR in lung cancer cells, no 
reports have shown the expression status and 
clinical significance of EGFR in tumor stroma of 
lung cancer. We reported here that high EGFR 
expression in tumor stroma was associated 
with aggressive clinical features, and was a 

prognosis marker for NSCLC patients. And over-
expressing EGFR in fibroblasts promoted the 
growth ability and colony formation ability of 
adjacent lung cancer cell.

Materials and methods

Patients

We purchased human NSCLC arrays from 
Shanghai Outdo Biotech. Co. Ltd (Shanghai, 
China) with 145 samples. All patients’ charac-
teristics were summarized in Table 1. There 
were 126 cases having information of progno-
sis. The median age of the patients was 61.0 y 
(37-84 y). All the samples were NSCLC, and 70 
cases showed axillary node metastasis. The 
primary tumor diameter in 20 cases was less 
than 2 cm, and that in 39 cases was over 5 cm. 
55 cases were in clinical stage I, 46 cases in 
stage II, and 44 cases in stage III-IV.

Table 1. Correlations between EGFR expression in tumor cells and tumor stroma and clinicopathologi-
cal characters using antibody sc-03

Factors n
n

χ2 p
n

χ2 pTC-EGFR 
low 

TC-EGFR 
high 

TS-EGFR 
low 

TS-EGFR 
high 

Age (years)
    < 60 58 33 25 0.12 0.73 29 28 0.14 0.71
    ≥ 60 87 47 40 47 40
Sex
    Male 74 40 34 0.08 0.78 42 32 0.97 0.33
    Female 71 40 31 34 36
Histological grade
    Grade I 28 15 13 0.61 0.5 18 10 1.99 0.37
    Grade II 65 29 36 31 33
    Grade III 52 30 22 27 25
Primary tumor size (dimerter)
    D < 2 cm 20 10 10 0.45 0.8 11 9 6.28 0.043
    2 ≤ D < 5 cm 86 47 39 51 34
    D ≥ 5 cm 39 23 16 14 25
Positive number of examed axillary node
    No 75 42 33 0.04 0.84 45 29 3.94 0.047
    Yes 70 38 32 31 39
Clinical stage
    I 55 31 24 4.47 0.11 37 18 7.51 0.023
    II 46 30 16 20 26
    III-IV 44 19 25 19 24
Distant metastisis
    No 134 75 59 0.45 0.5 71 63 0.01 0.92
    Yes 16 5 6 6 5
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Antibodies 

The primary antibodies used in this study are 
listed as follows: anti-EGFR (sc-03, Santa Cruz 
Biotechnology), anti-EGFR (ab2430, abcom).

Immunohistochemistry staining and evaluation

Sections 4 μm in thickness were deparaffinized 
and rehydrated with xylene and graded alcohol 
solutions. Endogenous peroxidase activity was 
quenched by 3% hydrogen peroxide, and sec-
tions were boiled in 10 mM citrate buffer (pH 
6.0) for 3 min in an autoclave sterilizer followed 
by cooling at room temperature for more than 
20 min. After rinsed with PBS, sections were 
incubated with primary antibodies (1:100 dilu-
tion in antibody diluent, Zhongshan Goldbridge 
Biotechnology CO., Ltd, Beijing, China) for over-
night at 4°C. After rinsing with PBS, sections 
were incubated with secondary antibody PV- 
6001 or PV6002 (Zhongshan Goldbridge Bio- 
technology CO., Ltd, Beijing, China) for 30 min 
at 37°C and stained with DAB. The slides were 
counterstained with hematoxylin, dehydrated 
with ethanol, cleared with xylene, and mounted 
in neutral gum. 

To evaluate EGFR, we counted the cells with 
cytoplasmic/membrane staining at the area 
with the highest immunohistochemical expres-
sion. Both the percentage and intensity of 
EGFR-positive epithelial cells or stromal cells of 
lung cancer were considered in a semi-quanti-
tative assessment. The percentage of positive 
cells was scored as 0 (0% positive cells), 1 
(1-25% positive cells), 2 (26-50% positive cells), 
3 (50-75% positive cells), or 4 (> 75% positive 
cells). The intensity of EGFR immunostaining 
was scored as 0 (negative), 1 (weak), 2 (inter-
mediate) and 3 (strong). The intensity score 
(0-3) was multiplied by the percentage score 
(0-4) and a final score was assigned 0 (nega-
tive), 1-4 (weak expression), 5-8 (moderate 
expression), and 8-12 (strong expression). For 
statistical analysis, samples with scores of 0-4 
were considered to show low expression, while 
those with scores of 5-12 were considered to 
show high expression.

Cell culture

Lung cancer cell lines A549 and H1299, and 
fibroblast cell HFL were obtained from ATCC 
(Rockville, MD, USA), and the cell line was cul-

tured in minimum essential medium (MEM) 
supplemented with 10% FBS (Gibco, Invitrogen 
Life Technologies, Carlsbad, CA, USA) inside an 
incubator containing 5% CO2 at 37°C.

Cloning EGFR expression vectors and cell 
transfection, transduction

Human EGFR cDNA ORF was amplified by PCR 
and subcloned into pCDH-CMV-MCS-EF1-copG-
FP at the NotI and XbaI restriction enzyme 
sites. The amplified human EGFR cDNA was 
subcloned into plasmids at the XbaI and NotI 
restriction enzyme sites. The sequences pCDH-
CMV-EGFR-EF1-copGFP were confirmed by DNA 
sequencing. Fibroblast cells HFL were trans-
fected with either pCDH-CMV-EGFR-EF1-copG-
FP or control-plasmid (pCDH-CMV-MCS-EF1-
copGFP) for 48 h. The stable cell clones were 
selected in 400 μg/ml of G418 until individual 
colonies containing the transfected construct 
were confirmed by western blot analysis. A549 
and H1299 cells were transfected with pCDH-
CMV-MCS-mcherry for 48 h, and the stable cell 
clones were selected in 400 μg/ml of G418 
until individual colonies containing the trans-
fected construct.

Clonogenic survival assay

The cells of lung cancer were seeded on 6-well 
plates (500/well) and incubated in different 
medium for 14 days. Experiment groups were 
cultured in medium which cultured fibroblast 
cell HFL overexpressing EGFR 12 h, and control 
groups were cultured in medium which cultured 
normal HFL 12 h. After 14 days they were then 
fixed with methanol and stained with gentian 
violet. Colonies containing more than 50 cells 
were scored. Each surviving fractions were cor-
rected using these cell survivals. 

Soft agar colony formation assay

Soft agar assays were also constructed in 
6-well plates. 1×104 cells were plated in 0.4% 
agarose on top of a 1% agarose base supple-
mented with 2× medium. In like manner, experi-
ment groups were cultured in medium which 
cultured HFL EGFR overexpressing 12 h, and 
control groups were cultured in medium which 
cultured normal HFL 12 h. A further 1 ml of 1× 
corresponding media without agarose was 
added on top of the growth layer on day 0 and 
again on day 14 of growth. Cells were allowed 
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to grow for 4 weeks and total colonies were 
counted. The pictures were taken by digital 
camera or microscope and number of colonies 
was counted.

Statistical methods 

The data were analyzed using SPSS 16.0 soft-
ware package. The correlation of EGFR expres-
sion with different clinical characteristics was 
analyzed with chi-square test. COX proportion-
al-hazards model was used to analyze the cor-
relation of survival with various clinical charac-
teristics and EGFR protein expression. The 
Kaplan-Meier method and Log-rank test were 
used to analyze the correlation of patient sur-
vival with EGFR expression. A significance level 
of P < 0.05 was used.

Results 

The correlation of EGFR expression in tumor 
cells and in tumor stroma

To investigate the expression of EGFR in lung 
cancer tissues, immunohistochemistry (IHC) 
was applied, and two different antibody of 
EGFR (sc-03 from Santa Cruz Biotechnology 
and ab2430 from abcam) were used to reduce 
the effect of different antibodies. The results of 

these two different antibodies all showed that 
EGFR was expressed in both tumor cells and 
tumor stromal cells (myofibroblasts, endotheli-
al cells, and leukocytes), and localized to cell 
cytoplasm and membrane (Figure 1A and 1C). 
The results of EGFR antibody sc-03 showed 
that in all samples, 36 samples had EGFR high-
er expression in only tumor stroma (named as 
EGFR-TS), 28 samples had EGFR higher expres-
sion in only tumor cells (named as EGFR-TC), 
and 36 samples showed EGFR higher expres-
sion in both tumor cells and tumor stroma, 48 
samples showed EGFR lower expression in 
both tumor cells and tumor stroma (Figure 1B). 
The results of EGFR antibody ab2430 showed 
that EGFR higher expression in tumor stroma in 
53 samples, EGFR lower expression in both 
tumor cells and tumor stroma in 65 samples, 
and EGFR higher expression in both tumor cells 
and tumor stroma in 27 samples (Figure 1D).

Then we investigated the correlation between 
the expression level of EGFR in tumor cells and 
the expression level of EGFR in tumor stroma. 
The results using antibody sc-03 showed that 
there was a positive correlation of EGFR-TC and 
EGFR-TS, and patients with higher expression 
of EGFR-TC often had the higher expression of 
EGFR-TS, although there was no statistic signifi-

Figure 1. Expression of EGFR in tumor cells and tumor stroma of NSCLC detected using antibody sc-03 (A and B) and 
antibody ab-2430 (C and D). (A1 and C1) EGFR expression was low in both tumor cells and tumor stroma. (A2 and 
C2) EGFR expression was low in tumor stroma. (A3 and C3) EGFR expression was low in tumor cells. (A4 and C4), 
EGFR expression was high in both tumor cells and tumor stroma. (B and D) The correlation between the expression 
level of EGFR in tumor cells and tumor stroma (IHC, 400×).
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cance (Figure 1B). The results using antibody 
ab2430 were similar with sc-03, which showed 
a significant correlation between EGFR-TC and 
EGFR-TS (Figure 1D).

EGFR expression in tumor cells and its correla-
tion with clinicopathologic variables 

We first analyzed the association of EGFR-TC 
expression levels with clinicopathological vari-
ables of cancer, including age, sex, histology 
grade, clinical stage, tumor size, examed axil-
lary node status and metastasis status. The 
results of EGFR antibody sc-03 were summa-
rized in Table 1. From them, it can be seen that 
there was no any statistic significance between 
the expression level of EGFR-TC measured by 
means of IHC with age, sex, histological grade, 
tumor size, axillary node status, clinical stage 
and distant metastasis. But the results of EGFR 
antibody ab2430 (Table 2) showed the signifi-

cant correlation between the level of EGFR-TC 
and tumor size (χ2 = 6.5, P = 0.039), and a 
weak correlation with clinical stage (χ2 = 5.52, 
P = 0.06).

EGFR expression in tumor stroma and its cor-
relation with clinicopathologic variables 

Then we analyzed the association of EGFR-TS 
expression levels with clinicopathological vari-
ables of cancer. The results of sc-03 and 
ab2430 all showed there were correlations 
between high level of EGFR-TS expression and 
aggressive features of cancer samples (Tables 
3 and 4). The results of sc-03 showed that the 
patients with higher expression of EGFR-TS 
often had high clinical stage (χ2 = 7.51, P = 
0.023), bigger tumor size (χ2 = 6.28, P = 0.043) 
and node metastasis (χ2 = 3.947, P = 0.047). 
And the expression of EGFR-TS measured by 
antibody ab2430 was significantly positively 

Table 2. Correlations between EGFR expression in tumor cells and tumor stroma and clinicopathologi-
cal characters using antibody ab2430

Factors n
n

χ2 p
n

χ2 pTC-EGFR 
low 

TC-EGFR 
high 

TS-EGFR 
low 

TS-EGFR 
high 

Age (years)
    < 60 58 40 18 1.27 0.26 35 23 0.24 0.62
    ≥ 60 87 52 35 56 31
Sex
    Male 74 43 31 1.86 0.17 46 28 0.023 0.88
    Female 71 49 22 45 26
Histological grade
    Grade I 28 18 10 0.68 0.71 22 6 4.77 0.092
    Grade II 65 39 26 41 24
    Grade III 52 35 17 28 24
Primary tumor size (dimerter)
    D < 2 cm 20 17 3 6.5 0.039 14 6 6.31 0.043
    2 ≤ D < 5 cm 86 55 31 59 27
    D ≥ 5 cm 39 20 19 18 21
Positive number of examed axillary node
    No 75 49 26 0.24 0.63 51 24 1.83 0.18
    Yes 70 43 27 40 30
Clinical stage
    I 55 41 14 5.52 0.06 45 10 14.95 0.001
    II 46 24 22 26 20
    III-IV 44 27 17 20 24
Distant metastisis
    No 134 86 48 0.41 0.52 87 47 1.66 0.2
    Yes 11 6 5 5 6
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associated with with tumor size, clinical stage 
(χ2 = 6.31, P = 0.043, and χ2 = 14.95, P = 
0.001).

Survival analysis

First there was a statistically significant differ-
ence in lung cancer-specific survival between 
tumors with high vs. low clinical stage (P < 
0.05), which was consistent with previous 
study. Then Kaplan-Meier survival analysis 
showed that the survival rate was significantly 
lower in the EGFR-TS high-expression group 
than in the low-expression group, detected 
using both sc-03 (P < 0.001; Figure 2B) and 
ab2430 (P < 0.001; Figure 2D). But we did not 
find significant correlation between the expres-
sion level of EGFR-TC and the patients’ survival 
rate (Figure 2A and 2C). 

In the multivariate analysis, EGFR-TS detected 
using sc-03 was also a significant predict- 
or of the survival (P = 0.012) when entered into 

The same method was used to determine the 
proliferation of H1299 cells in fibroblasts co-
culture, and we also found that there were more 
H1299 cells in EGFR-GFP-fibroblasts group 
(Figure 3C and 3D).

Fibroblasts overexpressing EGFR increase the 
colony formation activity of lung cancer cells 

Clonogenic survival assay and soft agar colony 
formation assay were used to detect the effect 
of tumor stroma on colony formation activity  
of tumor cells. We first collected the medium 
which had been used to culture HFLcopGFP or 
HFL EGFR-copGFP 12 h respectively. And then 
we used these medium to culture lung cancer 
cell line A549 and H1299 in clonogenic survival 
assay and soft agar colony formation assay. 
The results showed that A549 cultured in HFL 
EGFR-copGFP medium exhibited a two to three-
fold increase in cell growth based on the focus 
formation assay (P < 0.05) (Figure 4A and 4B) 
and a two to three-fold increase in colony  

a model containing all clinicopathologic 
variables (Table 3). And the antibody 
ab-2430 got the similar results in the 
multivariate analysis (P = 0.003). 

Fibroblasts overexpressing EGFR in-
crease the proliferation activity of lung 
cancer cells 

Our clinical data indicated that tumor 
stroma played an important role in tumor 
proliferation and aggression, and fibro-
blast was one of the most abundant 
components of tumor stroma. So we 
built the fibroblast cells overexpressing 
EGFR-GFP, to detect whose role in effect-
ing the tumor cells. To evaluate if fibro-
blasts promote the proliferation of adja-
cent cancer cells, we employed a co-cul-
ture system consisting of lung cancer 
cells A549 and H1299, and fibroblasts 
carrying either empty vector-GFP (EV- 
GFP), or EGFR-GFP. To distinguish the 
fibroblasts from the cancer cells, we 
employed mcherry-positive lung cancer 
cells. First, we determined the effects  
of EGFR-GFP-fibroblasts or EV-GFP-fibro- 
blasts on proliferation of co-cultured 
A549-mcherry or H1299-mcherry ells. 
Figure 3A and 3B showed that in the co-
cultures two days later, the number of 
A549-mcherry cells was more in EGFR-
GFP-fibroblasts than EV-GFP-fibroblasts. 

Table 3. Multivariate analysis of survival in all popula-
tion appliedby sc-03

Variables HR
95.0% CI for HR

P
Lower Upper

Age, years (< 55 vs. ≥ 55) 1.071 0.592 1.939 0.821 
Sex (Male, Female) 1.128 0.647 1.968 0.671 
Tumor size, cm (≤ 2 vs. > 2) 0.768 0.344 1.718 0.521 
Node status (Neg. vs. Pos.) 1.833 0.836 4.020 0.131 
Metastases (No vs. Yes) 1.895 0.684 5.244 0.219 
Stage (I/II vs. III/IV) 5.886 2.167 15.985 0.001 
Grade (Well vs. Poor) 0.528 0.252 1.105 0.090 
TS-EGFR (Low vs. High) 2.019 1.164 3.500 0.012 
TC-EGFR (Low vs. High) 1.199 0.695 2.070 0.514 

Table 4. Multivariate analysis of survival in all popula-
tion appliedby ab2430

Variables  HR
95.0% CI for HR

P
Lower Upper

Age, years (< 55 vs. ≥ 55) 0.971 0.526 1.795 0.926
Sex (Male, Female) 1.02 0.582 1.786 0.945
Tumor size, cm (≤ 2 vs. > 2) 1.031 0.471 2.255 0.939
Node status (Neg. vs. Pos.) 0.561 0.286 1.101 0.093
Metastases (No vs. Yes) 1.108 0.355 3.461 0.86
Stage (I/II vs. III/IV) 0.707 0.334 1.475 0.356
Grade (Well vs. Poor) 1.504 1.002 2.258 0.049
TS-EGFR (Low vs. High) 0.434 0.25 0.751 0.003
TC-EGFR (Low vs. High) 0.794 0.456 1.384 0.415
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formation using the anchorage-independent 
growth assay (P < 0.01) (Figure 4C and 4D), 
and similar results were found in the H1299 
cell line (Figure 5). In summary, these results 
suggested that KAP1 could promote both the 
anchorage-dependent and anchorage-indepen-
dent growth of lung cancer cells. 

Discussion

To our knowledge, this is the first report to 
quantify EGFR expression levels in tumor  

stroma by immunohistological stain and inves-
tigate their clinical relevance in NSCLC. In the 
present study, we found that there was a  
positive correlation between the expression 
levels of EGFR in tumor stroma and in tumor 
cells, and a significantly positive correlation 
between the expression levels of EGFR in tumor 
stroma. High levels of EGFR expression in 
tumor stroma were associated with aggressive 
clinical conditions in lung cancer. Also, higher 
expression of EGFR in tumor stroma was  
an independent prognosis factor for NSCLC 

Figure 2. The prognostic effects of EGFR expression levels in NSCLC. A: The survival significance of EGFR expressed 
by tumor cells detected by antibody sc-03. B: The survival significance of EGFR expressed by tumor stroma detected 
by antibody sc-03. C: The survival significance of EGFR expressed by tumor cells detected by antibody ab2430. D: 
The survival significance of EGFR expressed by tumor stroma detected by antibody ab2430.
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patients. Overexpressing EGFR in fibroblasts 
promoted lung cancer cell growth ability.

Primary lung cancer remains the leading cause 
of cancer-related death in world wide [14].  
In 2012, there were 1.82 million new cases 
globally, and 1.56 million deaths due to lung 
cancer, representing 19.4% of all deaths from 
cancer [15]. NSCLC accounts for approximately 
75-85% among all lung cancers [16]. Around 
70% of patients survive at least a year when 
diagnosed at the earliest stage, but this falls to 
just 14% for those diagnosed with the most 
advanced disease [17]. With advances in cyto-
genetic and molecular biology, the detection 
and analysis of tumor suppressor gene and 
oncogene may provide predictive values for 
prognosis and treatment choice for NSCLC [18-
23]. A substantial amount of clinical and basic 
scientific research has focused on the prognos-
tic factors for patients with lung cancer. A sys-
tematic review of 887 articles revealed that 
there were 169 different clinical and laboratory 

parameters and molecular prognostic factors 
that have an effect on survival [24]. Among 
these, EGFR over expression or mutation are 
common in NSCLC [25-27].

EGFR is a receptor tyrosine kinase, and acti-
vated phosphorylated EGFR results in the phos-
phorylation of downstream proteins that cause 
cell proliferation, invasion, metastasis, and 
inhibition of apoptosis [28, 29]. So, not surpris-
ingly, there are many published reports attempt-
ing to correlate the relationship between EGFR 
protein overexpression and survival. However, 
they did not get the consistent results.

Thorax Nakamura et al carried out a meta-anal-
ysis of 18 studies, and they concluded that 
EGFR protein overexpression using the IHC 
method was not associated with a poorer prog-
nosis [30]. In this study, we also did not find any 
significant correlation between the expression 
level of EGFR in tumor cells and the patients 
survival. But, there was a significantly positive 

Figure 3. Co-cultures. Note that fibroblasts expressing EGFR-copGFP (green) increase the proliferation of adjacent 
lung cancer cells (red), relative to empty vector (copGFP) control cells. A: A549 cells (red) were co-cultured with HFL 
(green, copGFP or EGFR-copGFP), 10×; B: Quantification of A549 and HFL cell number after co-cultured 48 h; C: 
H1299 cells (red) were co-cultured with HFL(green, copGFP or EGFR-copGFP), 10×; D: Qualitification of H1299 and 
HFL cell number after co-cultured 48 h (**P < 0.01).
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correlation between the expression level of 
EGFR in cells of tumor stroma and the patients 
survival, and the patients often had the poor 
survival when EGFR was highly expressed in 
cells of tumor stroma. Furthermore, high levels 
of EGFR expression in tumor stroma were asso-
ciated with aggressive clinical conditions in 
lung cancer. The lung cancer patients often had 
serious clinical stage and high pathological 
grade. So, the tumor stroma must play an 
important role in tumor progression. 

Over the last decade, it has been increasingly 
recognized that the tumor microenvironment 
plays an important role in promoting tumor 
growth and metastasis [31]. In particular, in 
vitro and in vivo studies have shown that breast 
and prostate cancer progression are highly 
dependent on cancer-associated fibroblasts 
[32, 33]. The interactions between tumor cells 
and the tumor stroma play a significant role in 
cancer progression [34]. Tumor cells generally 
produce modulate stroma-modulating growth 

factors to their stromal microenvironment, 
which disrupt normal tissue homeostasis and 
activate surrounding stromal cell types, such 
as fibroblasts, smooth muscle cells, and adipo-
cytes. Fibroblasts in particular can affect the 
stromal microenvironment, leading to an incre- 
ase in tumor aggressiveness [35]. 

EGFR, as an important receptor tyrosine kinase, 
was expressed in both tumor cells and tumor 
stromal cells (myofibroblasts, endothelial cells, 
and leukocytes) in NSCLC of our study. There 
was few papers about the role of EGFR ex- 
pressed by tumor stroma in tumor propression. 
One study showed that the tumor stroma played 
an important role in limiting responsiveness  
to EGFR-TKIs, using the xenograft model [36]. 
Fibroblast was one of the most abundant com-
ponent of tumor stroma. In our study, to evalu-
ate if fibroblasts promote the liferation of adja-
cent cancer cells, we employed a co-culture 
system consisting of lung cancer cells, and 
fibroblasts carrying EGFR. We found that fibro-

Figure 4. Colony formation of A549. A: Representative images of two-dimensional culture of cells cultured in medi-
um collected from HFLcopGFP (control) and HFL EGFR-copGFP (EGFR) (40×); B: Statistics of A549 colony formation 
efficiency in two-dimensional culture; C: Representative images of soft agar colony formation assay of cells cultured 
in medium collected from HFLcopGFP (control) and HFL EGFR-copGFP (EGFR) (100×); D: Statistics of the number of 
soft agar colonies in every fields (*P < 0.05, **P < 0.01).
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blasts overexpressing EGFR could promote the 
proliferation of adjacent tumor cells. Further 
researches are required, in order to identify the 
specific mechanisms of EGFR expressed in 
tumor stroma.

In conclusion, we have demonstrated the bio-
logical and clinical significance EGFR ex- 
pressed in tumor stroma. High levels of EGFR 
expression in tumor stroma were associated 
with aggressive clinical conditions in lung can-
cer. Also, higher expression of EGFR in tumor 
stroma was an independent prognosis factor 
for NSCLC patients. Overexpressing EGFR in 
fibroblasts promoted lung cancer cell growth 
ability.
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