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Background: Patients with non-small cell lung cancer (NSCLC) harboring sensitive mutations in the
epidermal growth factor receptor (EGFR) gene have high sensitivity to EGFR tyrosine kinase inhibitors
(TKIs), but the efficacy is largely different among individuals. In this study, we analyzed the correlation
between the expression of mesenchymal to epithelial transition factor (MET) receptor and its ligand
hepatocyte growth factor (HGF) and different EGFR mutations, and their clinical significances.

Methods: One hundred thirty patients with pathologically confirmed lung adenocarcinoma were screened for
EGFR mutations of exon 19 (E19) deletion (del) and exon 21 (E21) L858R using the amplification refractory
mutation system (ARMS). Subsequently, in patients who harbored mutations, the proteins expression of EGFR
E19 del or E21 L858R, MET, and HGF was quantitated by immunohistochemistry. Kaplan-Meier was used to
draw the survival curve with different clinicopathological and molecular characteristics, and log-rank test was
used to compare the difference. Multivariate analysis was performed by a Cox proportional hazard regression
model to identify the statistically significant prognostic factors of survival.

Results: Fifty-five patients were finally detected as positive for EGFR E19 del or E21 L858R. The
expression levels of HGF and MET proteins in patients with positive expression of EGFR-mutant protein
was significantly higher than those in patients with negative expression (35.3% vs. 19.0%, P=0.038; and
29.4% vs. 14.3%, P=0.039, respectively). Fifty patients who underwent radical resection did not receive
postoperative EGFR-TKI treatment, and a significantly increased median disease-free survival (DFS)
(26 vs. 18 months, P=0.003) was found in patients with negative expression of HGF compared to patients
with positive expression of HGF. Twenty-nine patients who either experienced recurrence after surgery
or were initially diagnosed with advanced disease, received EGFR-TKI treatment. Patients with negative
expression of HGF had a significantly increased overall response rate (ORR) (76% vs. 25%, P=0.035)
compared with those with positive expression of HGF, though no statistical differences were found
between them in progression-free survival (PFS) and overall survival (OS) (18 vs. 14 months, P=0.19; 48 vs.
28 months, P=0.10, respectively). Multivariate analysis showed that HGF expression was an independent
prognostic factor of DFS in postoperative patients (P=0.004) and OS (P=0.048) in patients with advanced
disease receiving EGFR-TKI treatment.

Conclusions: HGF could be used as a prognostic indicator of early recurrence in postoperative patients with
EGFR-mutant NSCLC, and as a potential predictor of survival for patients with advanced disease given EGFR-TKIs.
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Introduction

Lung cancer is the most common cancer worldwide, and
is also the main cause of cancer-related deaths (1), wherein
non-small cell lung cancer (NSCLC) accounts for about
80%, and the 5-year survival rate is only about 15% (2).
Currently, approximately 70% of patients with NSCLC
are already in the advanced stage when diagnosed and lose
the opportunity for surgery, therefore, radiotherapy and
chemotherapy are the main treatments for them. Patients
with advanced NSCLC who have epidermal growth
factor receptor (EGFR)-sensitive mutations are highly
sensitive to EGFR-tyrosine-kinase inhibitors (TKIs) with
an overall response rate (ORR) of up to 70%, the median
progression-free survival (PFS) is 9-13 months, and the
overall survival (OS) is 20-30 months (3-6). Nevertheless,
treatment-effective patients have different individual
responses to drugs, and inevitably develop secondary drug
resistance. The mechanisms of acquired drug resistance
include EGFR T790M mutation, mesenchymal epithelial
transition (MET) or HER2 amplification, epithelial-
mesenchymal transition (EMT), transformation of small
cell lung cancer, etc. (7-10). Furthermore, about 20-30%
patients with EGFR-sensitive mutations present primarily
resistant to EGFR-TKIs, and the possible causes include
tumor heterogeneity, abundance of EGFR mutations,
genetic polymorphism of Bcl-2 interacting mediator of cell
death (BIM), bypass activation such as MET and PI3K/
AKT pathway, and co-mutations with de-novo EGFR
T790M or KRAS.

Recently, studies have shown that abnormal activation of
hepatocyte growth factor (HGF)/MET signaling pathways
may play an important role in both primary and secondary
drug resistance to EGFR-TKIs (10-13), and these patients
tend to have a poor and short duration of response to EGFR-
TKIs (12,14). Therefore, in the present study, we analyzed
the correlation between clinicopathological characteristics
of lung cancer and heterogeneous expression of HGF and
MET proteins, the type of EGFR-sensitive mutations and
their protein expression, as well as their relationship with
recurrence and survival, and further investigated whether
additionally detecting the expression of HGF and MET
proteins could accurately predict the prognostic survival and
efficacy for patients with EGFR-sensitive mutations treated
with EGFR-TKIs.
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Methods
Clinical data

A total of 130 patients with lung adenocarcinoma were
screened for EGFR mutations of exon 19 (E19) deletion
(del) and exon 21 (E21) L858R by the amplification
refractory mutation system (ARMS) method from May
2005 to April 2014 in Shengjing Hospital of China
Medical University. All patients had complete clinical
and pathological data available. Pathological tissue was
obtained from surgical resection in 80 cases, and from
computed tomography (CT) or ultrasound-guided or
bronchoscopic aspiration biopsy in 50 cases. All patients
had not received chemotherapy and radiotherapy prior
to pathological diagnosis. Postoperative patients were
given adjuvant chemotherapy and radiotherapy according
to their clinicopathological staging. The cutoff date for
patient follow-up was March 20, 2015. Histopathological
classification was in accordance with the World Health
Organization standards, while Tumor Node Metastasis
staging was with the AJCC Cancer Staging Manual, 7"
Editon.

Immunobistochemistry of E19 del/E21 L858R-EGFR,
HGF and MET expression

Rabbit anti-human E19 del #2085) and E21 L858R (#3197)
protein antibodies were purchased from Cell Signaling
Technology (San Francisco, CA, USA), rabbit anti-human
MET (sc-10) and HGF (sc-7949) protein antibodies were
purchased from Santa Cruz Biotechnology (Delaware Ave,
Santa Cruz, CA, USA), and universal secondary antibodies
(ZSGB-BIO, SP-9001, Beijing, China) were gifted by the
Pathology Laboratory of Shengjing Hospital. E19 del or E21
L858R diseased tissue specimens were fixed by 10% formalin
solution and paraffin-embedded as 4 pm serial sections.
The pathological sections of the patients with mutations
were respectively subjected to S-P immunohistochemistry
staining by using HGF, MET antibodies and the
corresponding E19 del or E21 L858R protein antibodies.
Specific steps were as follows. The paraffin sections were
dewaxed with gradient alcohol and xylene then water,
placed in 3% hydrogen peroxide and incubated at room
temperature for 10 min to remove endogenous peroxidase
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Table 1 The clinicopathological characteristics of patients with
EGFR mutations

Characteristics Number [n (%)]

Sex

Male 19 (34.5)

Female 36 (65.5)
Age (year)

>60 23 (41.8)

<60 32 (58.2)
Smoking status

Yes 6(10.9)

No 49 (89.1)
Stage

-1 29 (52.7)

1] 21(38.2)

v 5(9.1)
Differentiation

Well differentiation 21(38.2)

Moderate differentiation 29 (52.7)

Poor differentiation 5(9.1)
EGFR mutation type

E19 del 35 (63.6)

E21 L858R 20 (36.7)

EGFR, epidermal growth factor receptor.

activity. A microwave was used to hot fix antigen for
3 min, 3.5-10% goat serum was used to seal non-specific
sites, then incubated at room temperature for 10 min. Serum
was decanted and samples incubated overnight at 4 °C in
diluted primary-antibody solution (MET and E21 antibodies
at 1:75 dilution, and HGF and E19 antibodies at 1:100
dilution). Working solutions of biotin-labeled secondary-
antibody and horseradish peroxidase-labeled streptavidin-
peroxidase were added consecutively, and each step was
incubated in a wet box for 20 min. Diaminobenzidine
staining, hematoxylin re-staining and mounting were then
carried out.

Assessment of immunobistochemistry results

Cytoplasm or cell membrane as clearly yellowish-brown
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granules was suggestive of positive expression, where E19
del or E21 L858R EGFR protein and MET protein were
mainly expressed in tumor cells, while HGF protein was
expressed in both tumor cells and stromal cells. After
minor modification of a previous method (12), five fields
were observed at random under high power lens (x400),
and semi-quantitative analysis was conducted based on the
percentage of positive cells and staining intensity. Staining
intensity was scored as: 0 point for no staining, 1 point for
mild staining, 2 points for moderate staining, and 3 points
for severe staining; 0 point for positive cells <10%, 1 point
for 10-25%, 2 points for 25-50%, and 3 points for >50%.
If the sum of the two indicators was 0-1 point, the case was
negative (-); if the sum was 2-3 points, the case was weakly
positive (+); if the sum was >4 points, the case was strongly
positive (2+). Weakly positive and strongly positive were
collectively referred to as positive.

Statistical analysis

IBM SPSS statistic version 19.0 (IBM Corporation, New York,
USA) was employed for statistical analysis. Chi-square test and
Fisher exact test were used for inter-group and intra-group
analysis, survival curve was drawn using the Kaplan-Meier
method, and log-rank test was adopted to compare survival
differences. Cox’s proportional hazards regression model was
employed for multivariate analysis to determine the prognostic
factors. P<0.05 indicated statistically significant differences.

Results

Protein expression of EGFR E19 del or E21 L§58R
protein, and HGF and MET

According to the integrity status of pathological tissue
and the following detection of EGFR mutation using
the ARMS method, eventually the samples of 55 patients
(60%) with EGFR E19 or E21-sensitive mutations
underwent immunohistochemistry. The clinicopathological
characteristics were summarized in Tzble 1, including
gender, age, smoking status, stage, differentiation and
EGFR mutation type. Among them, 50 cases were
pathologically confirmed after surgical resection and five
cases by biopsy. There were 35 patients with E19 del
mutations and 20 patients with E21 L858R mutations,
respectively, in 19 males and 36 females with a median
age of 59 years. Immunohistochemistry results showed
cytoplasm or cell membrane staining with yellowish-
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Figure 1 Immunohistochemistry of EGFR E19 del or E21 L858R protein expression (x400): E19 (-) (A), E19 (+) (B), E21 (-) (C), E21 (+) (D).
EGFR E19 del and E21 L858R protein were mainly expressed in tumor cells. EGFR, epidermal growth factor receptor.

brown granules was suggestive of positive expression.
EGFR E19 del or E21 L858R protein and MET protein
were mainly expressed in tumor cells, while HGF protein
was expressed in both tumor cells and stromal cells.
Immunohistochemistry results of EGFR E19 del and E21
L858R protein expression are shown in Figure I, and the
results of HGF and MET proteins are shown in Figure 2.
Overall, 21/35 cases (60.0%) with E19 del and 13/20 cases
(65.0%) with E21 L858R were positive for corresponding
specific mutant protein expression; 16/55 cases (29.1%)
were positive for HGF protein expression; and 13/55 cases
(23.6%) were positive for MET protein expression, as
shown in Figure 3.

Relationship between EGFR mutations and protein
expression of MET and HGEF, and clinicopathological
characteristics of patients

In the 55 cases with EGFR mutations, HGF and MET
protein expression were positively correlated with EGFR-
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mutant protein expression (P=0.038, r =0.068; P=0.039,
r =0.065, respectively), but both were irrelevant to the type
of EGFR mutations (P>0.05). The expression of EGFR-
mutant proteins was not associated with clinicopathological
characteristics (all P>0.05). Meanwhile, the expression of
HGF and MET proteins was not correlated with other
clinicopathological characteristics including sex, age,
smoking status, stage and degree of differentiation of
patients (all P>0.05), as shown in 7able 2.

Relationship between expression of HGF proteins and
survival

The 55 patients with EGFR sensitive mutations were
followed up for a median period of 48 months. Twenty-
eight of the patients (50.9%) experienced lung cancer-
related death. Median OS was 42 months. Among them,
50 patients who underwent radical resection did not receive
postoperative EGFR-TKI treatment, and 29 patients who
either experienced recurrence after surgery or were initially

Transl Cancer Res 2017;6(4):755-766
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Figure 2 Immunohistochemistry HGF and MET protein expression (x400): HGF (-) (A), HGF (+) (B), MET (-) (C), MET (+) (D). For
the HGF protein, paraffin-embedded lung carcinoma tissue showed cytoplasmic staining; for the c-MET protein, paraffin-embedded lung

carcinoma tissue showed membrane and cytoplasmic staining, and mainly cytoplasmic staining. HGEF, hepatocyte growth factor; MET,

mesenchymal epithelial transition.

9007 = Positive (%) mNegative (%)

80.01 76.4

70.9
60.0
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29.1
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Figure 3 Protein expression rate of EGFR E19 del, E21 L858R,
HGF and MET in lung adenocarcinoma harboring EGFR gene
mutations. EGFR, epidermal growth factor receptor; HGE,
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hepatocyte growth factor; MET, mesenchymal epithelial transition.
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diagnosed with advanced disease, received EGFR-TKI
treatment. Univariate analysis showed that HGF expression
and stage were associated with disease-free survival (DFS)
in postoperative patients, while multivariate analysis showed
that only HGF expression was an independent prognostic
factor of DFS for postoperative patients (P=0.004, Table 3).
Patients with negative HGF expression had significantly
improved DFS (26 vs. 18 months, P=0.003) compared to
patients with positive HGF expression (Figure 4A4). For
29 patients with recurrent or advanced NSCLC who
received first or later lines of EGFR-TKI treatment,
ORR in the HGF expression-negative group (76%) was
significantly higher than that in the positive group (25%)
(P=0.035), as shown in Table 4. Both PFS (18 vs. 14 months,
P=0.19) and OS (48 vs. 28 months, P=0.10) were prolonged
in HGF expression-negative group compared to the HGF

Tiransl Cancer Res 2017;6(4):755-766
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Table 2 Relationship between expression of MET and HGF proteins and clinicopathological characteristics of patients with EGFR mutations

HGF expression

MET expression

Characteristics Number P value P value
Positive Negative Positive Negative

Sex 0.556 0.818
Male 19 5 14 6 13
Female 36 11 25 7 29

Age (year) 0.537 0.437
>60 23 8 15 8 15
<60 32 8 24 5 27

Smoking status 0.922 0.553
Yes 6 2 4 2 4
No 49 14 35 11 38

Stage 0.333 0.076
-1 29 9 20 5 24
1] 21 6 15 7 14
\% 5 1 4 1 4

Differentiation 0.075 0.598
Well differentiation 21 8 13 6 15
Moderate differentiation 29 8 21 7 22
Poor differentiation 5 0 5 0 5

EGFR mutation type 0.620 0.051
E19 del 35 11 24 9 26
E21 L858R 20 5 15 4 16

EGFR expression 0.038 0.039
Positive 34 12 22 10 24
Negative 21 4 16 3 18

EGFR, epidermal growth factor receptor; HGF, hepatocyte growth factor; MET, mesenchymal epithelial transition.

expression-positive group, but without significant difference

(Figure 4B,4C).

Relationship between expression of MET proteins and
survival

The expression level of MET protein was irrelevant to
DFS for postoperative patients (Figure 4D). No significant
differences were found in PFS (18 vs. 15 months, P=0.57)
and OS (46 vs. 44 months, P=0.44) between MET
expression-negative group and positive group for patients
who received EGFR-TKI treatment (Figure 54,5B).
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Relationship between expression of EGFR-mutant proteins
and survival

No significant differences were found in PFS (14 vs.
18 months, P=0.33) and OS (44 vs. 33 months, P=0.75)
between EGFR-mutant protein expression-negative group
and positive group for patients who received EGFR-TKI
treatment (Figure 5C,5D).

Discussion

Studies have shown that HGF can mediate the occurrence

Transl Cancer Res 2017;6(4):755-766
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Table 3 Relationship between clinicopathological factors and DFS
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P value
Factors Number DFS (months)
Univariate analysis Multivariate analysis
Sex 0.418
Male 16 26
Female 24 23
Age (year) 0.519
>60 20 26
<60 30 23
Stage 0.043 0.112
-1 28 26
1] 20 20
\% 2 6
Differentiation 0.406
Well 18 29
Moderate 27 23
Poor 5 23
EGFR mutation 0.100 0.216
E19 del 31 23
E21 L858R 19 30
EGFR expression 0.255
Positive 28 32
Negative 22 23
HGF expression 0.003 0.004
Positive 15 18
Negative 35 26
MET expression 0.309
Positive 11 23
Negative 39 26

DFS, disease free survival; EGFR, epidermal growth factor receptor; HGF, hepatocyte growth factor; MET, mesenchymal epithelial

transition.

of secondary drug resistance to EGFR-TKIs in patients
with EGFR mutant lung cancer (11-13,15). A Japanese
study (16) indicated that the HGF protein was expressed
in some patients with primary drug resistance to EGFR-
TKIs, suggesting that HGF may have been involved
in primary drug resistance apart from secondary drug
resistance to TKIs, though this is currently not very clear.
The present study showed that HGF protein expression
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was an independent prognostic factor affecting DFS in
postoperative patients with lung adenocarcinoma (P=0.004,
Table 3), and patients with HGF expression-negative
had a significantly higher DFS than patients with HGF
expression-positive (26 vs. 18 months, P=0.003, Figure 44).
Patients with HGF expression-negative had a significantly
better ORR (76% vs. 25%, P=0.035, Tuble 4) and tended
to survive longer than patients with HGF expression-
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Figure 4 Effects of HGF and MET protein expression on median DFS in patients receiving surgery (A,D); effects of HGF expression
on PFS (B) and OS (C), respectively, in patients receiving EGFR-TKIs. HGE, hepatocyte growth factor; MET, mesenchymal epithelial
transition; EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors; PFS, progression-free survival; DFS, disease free

survival; OS, overall survival.

Table 4 ORR in the HGF expression-negative and positive groups

Groups Case number CR PR SD PD ORR
HGF (+) 8 0 2 4 2 25%
HGF (-) 21 1 15 2 3 76%
4 4.457
P value 0.035

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response rate; HGF, hepatocyte
growth factor.
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Figure 5 Effects of MET and EGFR protein expression on PFS (A,C) and OS (B,D), respectively, in patients receiving EGFR-TKIs.
EGFR, epidermal growth factor receptor; MET, mesenchymal epithelial transition; TKIs, tyrosine kinase inhibitors; mDFS, median disease

free survival; mPFS, median progression-free survival; mOS, median overall survival.

positive (PFS: 18 vs.14 months, P=0.19; OS: 48 vs.
28 months, P=0.10, Figure 4B,4C). Therefore, for patients
with advanced lung adenocarcinoma who harbored EGFR-
sensitive mutations and received EGFR-TKI treatment,
additional detection of HGF protein expression may be
useful for further accurately predicting efficacy and survival.

HGE, as a natural ligand of MET, activates downstream
signaling pathways by binding to MET, and promotes
cell proliferation. Recent studies have shown that HGF
may cause drug resistance to EGFR-TKIs in patients
with EGFR-mutant lung cancer by activating a bypass of
MET/Gabl/PI3K/AKT or accelerating clonal growth of
tumor cells carrying the MET gene amplification (11,17).
In this study, the positive rate of HGF protein expression
in EGFR-TKIs untreated patients with EGFR mutations
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was only 29.1% (Figure 3), consistent with the positive
rate in patients with primary drug resistance reported in
the literature, but lower than the positive rate of HGF
protein expression of 61% after drug resistance reported
in the literature (16). One of the reasons may be that HGF
in tumor stroma in untreated patients remains in a low-
expression status, but after EGFR-TKI treatment, the
tumor microenvironment changes, thus secreting large
amounts of HGF. However, in the present study, re-biopsy
was not conducted after drug resistance to EGFR-TKIs, so
changes in HGF expression before and after drug resistance
could not be compared. Another reason may be related to
the earlier staging of patients in this study, but there was
no significant difference in the expression of HGF protein
among patients with different stages.

Tiransl Cancer Res 2017;6(4):755-766
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More importantly, we found that patients who received
EGFR-TKI treatment had a significantly higher ORR
(76% vs. 25%, P=0.035, Table 4) in the HGF expression-
negative group than the expression-positive group. OS in
HGEF expression-positive patients tended to be worse than
in HGF expression-negative patients (28 vs. 48 months,
P=0.10, Figure 4C). Multivariate analysis showed that stage
and HGF expression were independent prognostic factors
of OS in patients with advanced disease receiving EGFR-
TKI treatment (P=0.023 and 0.048). Our results suggested
that HGF expression might be an important biomarker
used to predict poor response and survival after EGFR-TKI
treatment. Therefore, additional detection of HGF protein
expression in patients with EGFR-sensitive mutations
could further accurately predict the efficacy of EGFR-TKIs
and prognostic survival. Furthermore, for postoperative
patients, an improved DFS was observed in patients with
negative HGF expression compared to patients with positive
HGEF expression (26 vs. 18 months, P=0.003, Figure 4A4).
Multivariate analysis also showed that HGF protein
expression was an independent prognostic factor for survival
(P=0.004, Table 3). Nevertheless, different subsequent
treatments after failure of EGFR-TKI treatment were given
to some patients, including chemotherapy, radiotherapy,
symptomatic and supportive treatment. Because of the
limited sample size, we did not further analyze the possible
influence of these treatments on survival. Future studies
with larger numbers of patients are needed to confirm these
findings.

MET-induced drug resistance is related to MET
activation by a two way-receptor-ligand activation pathway
and a dimeric MET activation pathway caused by HGT
later binding to MET (18,19), activating a variety of
intracellular signaling pathways, such as PI3K/AKT,
MAPK and Stat3, thus causing the proliferation, invasion
and metastasis of tumors. A previous study has shown that
MET gene amplification is positively correlated with MET
protein expression (20). This study found positive MET
protein expression in 13/55 patients (23.6%), as shown in
Figure 3. A meta-analysis suggested that the prognosis in
patients with higher MET protein expression was relatively
poor (21). This study showed no significant difference in
the impacts of heterogeneous MET protein expression on
the survival and prognosis of patients. The results were
inconsistent with previous literature, which may be related
to the small number of cases in this study. Meanwhile HGF
and MET expressions were not completely consistent in
terms of space and amount of expression, maybe because
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MET-induced drug resistance caused the different
expressions of these two proteins through the above
mentioned two way-receptor-ligand activation pathway
and dimeric MET activation pathway caused by HGT after
binding to MET.

Another study has shown (22) that the response to
EGFR-TKIs was better and PFS was longer in patients
with higher mutant protein expression than in patients
with lower mutant protein expression. One study (23)
showed that EGFR-mutant protein expression may be
correlated to mutation abundance to a certain extent, that
is, the higher the mutation abundance, the higher the
protein expression levels, which can thus better predict the
efficacy. This study found that the positive rate of EGFR-
mutant protein expression was only 65% in patients
with known E19 or E21 mutations, consistent with
literature reports (24,25). The present study found that
in patients with advanced lung cancer receiving EGFR-
TKIs, there was no statistical difference in PFS between
EGFR-mutant protein expression-positive patients and
expression-negative patients (18 vs. 14 months, P=0.33,
Figure 5C). The reason may be that we found the positive
rate of HGF and MET protein expression in patients with
positive mutant EGFR protein expression was significantly
higher than in patients with negative expression. Thus,
at least in the EGFR-mutation-positive lung cancer
population, EGFR mutated protein may not further
predict the efficacy or disease progression after EGFR-
TKI treatment.

In conclusion, the HGF protein is an independent
prognostic factor affecting the early recurrence for
postoperative patients with EGFR-mutant lung
adenocarcinoma. For advanced patients receiving EGFR-
TKIs, HGF may be involved in primary drug resistance, and
is also an independent predictor of the efficacy of EGFR-
TKIs and survival. Therefore, additional HGF protein
detection may better predict the efficacy of EGFR-TKIs
and prognostic survival in patients with EGFR mutations.
However, due to the limited sample size in our study, there
may be bias, so future studies with larger sample sizes are
needed to validate these findings.
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