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Background and Objective: The first-generation epidermal growth factor receptor-
tyrosine kinase inhibitors (EGFR-TKIs) have shown significant therapeutic effects on
patients harboring sensitive EGFR mutations, while the mechanisms related to drug
resistance have still remained elusive. This study aimed to indicate the relationship between
the expression level of WntSa with therapeutic effects of first-generation EGFR-TKIs on
lung adenocarcinoma patients harboring sensitive EGFR mutations.

Methods: The medical records of 75 lung adenocarcinoma patients harboring sensitive
EGFR mutations, who were admitted to our hospital and received first-generation EGFR-
TKIs from June 1, 2010 to December 31, 2016, were analyzed. According to the efficacy of
first-generation EGFR-TKIs, patients were divided into ineffective groups (progression-free
survival (PFS) <5 months) and effective groups (PFS > 26 months). Immunofluorescence
staining, immunohistochemical staining and reverse transcription polymerase chain reaction
(RT-PCR) methods were utilized to detect the expression level of WntSa in the two groups.
Results: Among 75 patients, 36 patients were sensitive to first-generation EGFR-TKIs
(effective group) and 39 patients were resistant to first-generation EGFR-TKIs (ineffective
detected by
Immunohistochemical staining demonstrated that the expression level of WntSa in the

group). The location of WntSa was immunofluorescence staining.
ineffective group was significantly higher than that in the effective group (P=0.0216).
Besides, results of RT-PCR showed that the relative expression level of Wnt5a was
remarkably higher in the ineffective group than that in the effective group (P=0.0135).
Conclusion: The expression level of Wnt5a was found to be associated with therapeutic
effects of first-generation EGFR-TKIs in lung adenocarcinoma patients harboring sensitive
EGFR mutations.

Keywords: tyrosine-kinase inhibitors, Wnt5a, epidermal growth factor receptor mutation,

therapeutic effect

Introduction

Lung cancer is one of the leading causes of cancer-related death worldwide." Patients
with epidermal growth factor receptor (EGFR) mutation-positive non-small cell lung
cancer (NSCLC) are highly sensitive to EGFR-tyrosine kinase inhibitors (TKIs) with
response rates and progression-free survival (PFS) typically ranging from 56% to 83%
and 8.4-18.9 months, respectively.>* However, despite a dramatic initial response,
almost all patients treated with EGFR-TKIs eventually develop acquired resistance to
these drugs with a median time to disease progression of 10-14 months.”>”’ Some
studies have discussed the mechanism of drug resistance, but the underlying mechan-

ism of drug resistance has not been fully elucidated.®
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The Wnt genes encode a large family of secreted poly-
peptides that participate in various physiological and patho-
logical processes, such as tumor formation, embryogenesis
and differentiation.”'® Wnt5a, a member of the Wnt family
of proteins, has been shown to play distinct roles during
embryogenesis, organ homeostasis, and in adult cellular
processes.'' A previous study demonstrated that high
Wnt5a expression is associated with poor prognosis in
NSCLC patients.'”> However, whether the expression of
Wnt5a is related to the therapeutic efficacy of first-
generation of EGFR-TKIs has still remained elusive.

Within 60% of acquired resistance to the first-generation
EGFR-TKIs results from EGFR exon 20 T790M mutations.®
To date, some mechanisms related to drug resistance of
EGFR-TKIs have been elucidated, while several mechan-
isms have remained unclear. It has been pointed out that
cancer stem cells (CSCs) are the main source of resistance
to drug treatment."? Studies reported that Wnt pathway plays
an important role in the maintenance of CSCs in lung
cancer.'*'> Therefore, we speculated that the expression
level of Wnt5a is one of the potential mechanisms related
to the resistance of first-generation EGFR-TKIs. Therefore,
the present study aimed to assess the relationship between the
expression level of Wnt5a with therapeutic effects of first-
generation EGFR-TKIs on lung adenocarcinoma patients
harboring sensitive EGFR mutations.

Patients and Methods

Patients
The medical records of 75 lung adenocarcinoma patients
harboring sensitive EGFR mutations, who were admitted to
Shanghai Chest Hospital (Shanghai, China) and received first-
generation EGFR-TKIs from June 1, 2010 to December 31,
2016, were analyzed. The inclusion criteria were as follows: 1)
lung adenocarcinoma patients harboring sensitive EGFR
mutation; 2) consideration of first-generation EGFR-TKIs
(eg, erlotinib, icotinib, or gefitinib) as first-line treatment;
and 3) the patients who received first-generation EGFR-TKIs
and had short progression-free survival (PFS) (<5 months) or
long PFS (>26 months). It should be noted that the PFS of
first-generation EGFR-TKIs is typically 10-13 months.®
Therefore, patients were divided into ineffective group (PFS
< 5 months) and effective group (PFS > 26 months).
Exclusion criteria were as follows: patients with failure
to follow-up, resistance mutations or unavailable EGFR
mutation, incomplete medical records, or patients with
history of other malignant tumors. Those patients who

received radiotherapy or chemotherapy as first-line
treatment were excluded as well. Eventually, 75 patients
who met the criteria were included.

Clinical data included age, gender, smoking history, EGFR
mutation, tumor-node-metastasis (TNM) stage, tumor differ-
entiation, and carcinoembryonic antigen (CEA) level. The
pathological tissue samples were obtained from Shanghai
Chest Hospital (Shanghai, China). In addition, the ADx
Amplification Refractory Mutation System (ADx-ARMS)
was used to determine EGFR mutation status. This study
was approved by the Ethics Committee of Shanghai Chest
Hospital (KS1721), and it was carried out in accordance with
the Declaration of Helsinki. All patients signed the written
informed consent form prior to commencing the study.

Immunohistochemical Staining

The paraffin-embedded tissues were cut into 4 pum sections
with a microtome, and then baked at 65° C for more than 2
hours. The sections were de-paraffinized with xylene and
then washed with gradient ethanol and distilled water
(DW). The sections were heated in the antigen retrieval
solution and then cooled to room temperature for antigen
repair. Endogenous peroxidase was then removed with 3%
hydrogen peroxide, and goat serum was used to further
eliminate specific staining. Then, Wnt5a antibody and
slides were maintained at 4° C overnight. Peroxidase-
labeled antibodies were applied at room temperature for
60 minutes to visualize antigens. Sections were then
washed with phosphate-buffered saline (PBS), stained
with 3,3'-diaminobenzidine (DAB), and further stained
with hematoxylin and eosin (H&E). Finally, the stained
slides were examined in a blinded manner.

The staining intensity in the nuclei was scored as: 1
(weak); 2 (medium); and 3 (strong). Histoscore is
a measure to convert classic immunohistochemistry into
a more quantitative range. Histoscore or H-score is based
on staining intensity and percentages of stained cells.
H-Score is based on four immunohistochemistry cate-
gories reported: negative (0), weak (1+), moderate (2+),
and strongly (3+) stained membranes. In each case,
a H-score with a potential range of 0-300 was calculated
as follows: H score = (1 x % weakly stained cells) + (2 x
% moderately stained cells) + (3 x % strongly stained
cells)).

Human anti-Wnt5a (NBP2-24752SS; Novus Biologicals,
Littleton, CO, USA) was used for immunohistochemical
staining diluted in 5% PBS.
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Immunofluorescence Staining

After dewaxing and antigen retrieval, immunofluorescence
staining was carried out. The sections were then washed
with PBS (pH 7.3). Anti-Wnt5a polyclonal rabbit antibody
(dilution, 1:100; Novus Biologicals, Littleton, CO, USA)
was added to each section. The sections were then main-
tained at 4° C overnight. They were then thrice washed
with PBS and stained with donkey anti-rabbit IgG second-
ary antibody (dilution 1:100; Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA, USA). As a control
group, the primary antibody was replaced with PBS.

Reverse Transcription Polymerase Chain

Reaction (RT-PCR)

Total RNA was extracted from tumor tissue by FFPE RNA kit
(R6954-01; Omega Bio-tek, Inc., Norcross, GA, USA). And
SuperMix was synthesized using Hifair II first-strand cDNA
for RT-PCR (11123ES60; Yeasen, Shanghai, China). RT-PCR
was performed on an Applied Biosystems ViiA 7 RT-PCR
System (Applied Biosystems, Foster City, CA, USA) using
UNICON® gPCR SYBR Green Master Mix (11199ES08;
Yeasen, Shanghai). Glyceraldehyde-3-phosphate dehydrogen-
ase (GAPDH) was used as the housekeeping gene. The relative
gene expression calculated using the 2 * -AACt method. The

expression level of Wnt5a in each sample was calculated. The
primer sequences of the gene were as follows:
Wnt5a-forward: 5-TCGACTATGGCTACCGCTTTG-3'
WntSa-reverse: 5'-CACTCTCGTAGGAGCCCTTG-3'
GAPDH-forward: 5-GGAGCG AGATCCCTCCAAAA
T-3'
GAPDH-reverse: 5'-GGCTGTTGT CATACTTCTCAT
GG-3'

Statistical Analysis

In this study, Student’s #-test was used to detect differences
in immunohistochemical staining and RT-PCR results
between the two groups. The Chi-square test was utilized
to detect differences in clinicopathological variables.
Besides, P <0.05 was considered statistically significant.
All the analyses were undertaken by using SPSS 23.0
software (IBM, Armonk, NY, USA) and GraphPad 6.01
(GraphPad software Inc., San Diego, CA, USA) software.

Results

Patients’ Clinicopathological Features

As a result, 75 eligible patients were included in the current
study. The flowchart of patients’ selection is shown in
Figure 1. Among 75 patients, 36 were sensitive to first-

EGFR mutation patients with lung adenocarcinoma (1365)

=
EGFR mutation was negative or
— : 5
L not available (734)
)
3 Chemothgrapy or radiotherapy as
first line treatment (148)
3 Another malignant tumor history
(25)
— [ data incomplete for analysis (73)
s p
_ First generatiqn EGFR-TKI was
¢ not as first-line treatment (56)

[ First generation EGFR-TKI as first line for EGFR mutation sensitive patients with ]
(329)

lung adenocarcinoma

l _— [ PFS between 5 and 26months (254)

first-generation EGFR-TKI as first-line treatment,
and with short PFS (less than 5 months) or long PFS (greater than 26 months) (75)

v
[ long PFS (greater than 26 months) (36)]

v
[ short PFS (less than 5 months) (39)

Figure | Patients’ selection flowchart. EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors; PFS, progression-free survival.
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generation EGFR-TKIs (effective group) and 39 were
insensitive to first-generation EGFR-TKIs (ineffective
group). Besides, the variation of PFS between low- and
high-level Wnt5a was illustrated in supplement Figure 1.

The patients’ median age was 57 years old (range, 3471
years old). The patients’ clinical features are listed in
Table 1. The results of Chi-squared test showed that men
were more susceptible to be involved in the ineffective
group (P=0.034). Furthermore, according to integrity of
the gland structure, cell heterogeneity, and mucosal secre-
tion, lung adenocarcinoma was classified as well differen-
tiated, moderately differentiated, and poorly differentiated
(Figure 2A).

Table | Patient Characteristics

Characteristic | No. of Effective Ineffective P value
Cases Group Group
n (%) n (%)
Age (years) 0.472
<60 49 25(69.4%) | 24(61.5%)
>60 26 11(30.6%) 15(38.5%)
Gender 0.034
Male 28 9(25.0%) 19(48.7%)
Female 47 27(75.0%) | 20(51.3%)
Smoking history 0.307
Yes 23 9(25.0%) 14(35.9%)
No 52 27(75.0%) | 25(64.1%)
EGFR mutation 0.676
19 del 4?2 22(61.1%) | 20(51.3%)
21L858 31 13(36.1%) 18(46.2%)
Others 2 1(2.8%) 1(2.5%)
TNM stage 0.801
1A/INB 26 13(36.1%) 13(33.3%)
v 49 23(63.9%) | 26(66.7%)
Differentiation 0.269
Well 15 9(25.0%) 6(15.4%)
Moderate 28 15(41.7%) 13(33.3%)
Poor 32 12(33.3%) | 20(51.3%)
CEA 0416
Normal 37 16(44.4%) | 21(53.8%)
Abnormal 38 20(55.6%) 18(46.2%)
EGFR-TKIs type 0.600
Gefitinib 29 14(38.9%) 14(35.9%)
Icotinib 37 17(47.2%) | 22(56.4%)
Erlotinib 9 5(13.9%) 3(7.7%)

Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine kinase
inhibitor; TNM, tumor node metastasis; CEA, carcinoembryonic antigen.

Correlations Between Clinicopathological

Features and the Expression Level of Wnt5a
Correlations between the expression levels of WntSa with
with
adenocarcinoma who received first-line EGFR-TKIs were

clinicopathological features of patients lung
evaluated. As shown in Table 2, the expression level of
Wnt5a was significantly correlated with PFS (R=—0.226,
P=0.012).

The correlation between the clinicopathological char-
acteristics of 75 patients with lung adenocarcinoma and
the expression level of Wnt5a was analyzed by chi-square
test (Table 3). As a result, only the efficacy of first-
generation EGFR-TKIs

expression level (P=0.047).

was correlation with wnt5a

Immunofluorescence Staining and

Immunohistochemical

The representative confocal imaging of WntSa with
immunofluorescence staining is displayed in Figure 2B.
Then, we examined the expression level of Wnt5a in
tissue samples of patients with significant prognostic
differences by immunohistochemical staining, and the
expression level of Wnt5a belonged to at last 52 cases
was noted. The staining intensity is illustrated in Figure
2C. With calculation of H-score, the expression level of
WntSa was found significantly higher in the ineffective
group than that in the effective group (P=0.0216,
Figure 3A).

RT-PCR for Detecting the Expression

Level of Wnt5a

The expression level of Wnt5a was detected by RT-PCT.
The results showed that the expression level of Wnt5a in
the ineffective group (P = 0.0135) was significantly higher
than that in the effective group (Figure 3B).

Discussion

In the present study, there were totally 75 patients who
were divided into two groups based on significant differ-
ences in the efficacy of first-generation EGFR-TKIs.
Besides, the expression levels of Wnt5a in tumor tissues
of the two groups were detected and compared. The results
showed that the expression level of Wnt5a was markedly
increased in the ineffective group compared with that in
the effective group, indicating that the efficacy of the first-
generation EGFR-TKIs may be related to the expression
level of Wnt5a.
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Negative (-)

Weak positive (+)

Moderate positive (++) Strong positive (+++)

Figure 2 Representative images of samples with different degrees of differentiation, immunofluorescence staining and immunohistochemical staining. (A) According to the
integrity of the gland structure, cell heterogeneity, and mucosal secretion, lung adenocarcinoma was classified as well differentiated, moderately differentiated, and poorly
differentiated. Original magnification (OM) 100X. (B) Representative confocal images of Wnt5a with immunofluorescence staining in lung adenocarcinoma specimens. Nuclei
were counterstained with 40, 6-diamidino-2-phenylindole (DAPI; blue). In the monochromatic-colored immunofluorescence images, all cancer cells expressing Wnt5a
reflected green fluorescence. Original magnification (OM) 400X. (C) Representative images of Wnt5a with immunohistochemical staining in lung adenocarcinoma specimens
(“-” means negative, “+” means weakly positive, “++” means moderately positive, and “+++” means strongly positive). Original magnification (OM) 200X.

EGFR plays a substantial role in the development
and progression of malignant tumors by modulating
downstream signaling pathways.'®!” However, almost
all patients receiving the first-generation EGFR-TKIs
may eventually experience tumor resistance and inevi-
tably progress.'® Several possible resistance mechanisms
have been reported, such as T790 mutation, HER2
amplification, MET amplification, PIK3CA mutation,
BRAF mutation, NF1 deletions, etc.'®?* However, in
addition to these proposed mechanisms, the mechanism
underpinning the therapeutic resistance is still elusive.”
Therefore, it is essential to explore more potential drug
resistance mechanisms, leading to further improve the

prognosis of patients harboring sensitive EGFR
mutations.

While Wnt signaling plays a critical role in numerous
cellular and developmental processes in normal cells, aber-
rant Wnt signaling is highly associated with numerous
cancers and may be responsible for drug resistance and
recurrence of tumor. A study demonstrated that Wnt sig-
naling pathway can inhibit proliferation of lung CSCs
(LCSCs), and it can be taken as a promising therapeutic
into consideration

or interventional target in lung

adenocarcinoma.”® Another study also confirmed that
Wnt signaling pathway plays a substantial role in regula-

tion of various cellular processes, including cell survival,

Table 2 Correlation of Wnt5a Expression with Clinicopathological Variables

Characteristic | PFS Status(<5 Months, Age Gender | Smoking EGFR TNM Differentiation | CEA
>26 Months) History Mutation Stage
R —0.226 —0.012 | 0.030 —0.053 -0.017 0.046 —0.010 —0.009
P value 0.012* 0.896 0.740 0.564 0.856 0618 0917 0.924
Notes: *p<0.05 was considered significant. Correlation was determined by spearman test. R means correlation index.
Abbreviations: PFS, progression-free survival; EGFR, epidermal growth factor receptor; TNM, tumor node metastasis; CEA, carcinoembryonic antigen.
OncoTargets and Therapy 2020:13 5391
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Table 3 Patients Characteristics Between Wnt5a Expression*
and Clinicopathological Variables

Characteristic Positive, Negative, P value
n (%) n (%)

Efficacy 0.047
Effective (PFS> 26m) | 21(40.4) 15(65.2)
Ineffective (PFS< 5m) [ 31(59.6) 8(34.8)

Age (years) 0.989
<60 34(65.4) 15(65.2)
>60 18(34.6) 8(34.8)

Gender 0.761
Male 20(38.5) 8(34.8)
Female 32(61.5) 15(65.2)

Smoking history 0.567
Yes 17(32.7) 6(26.1)
No 35(67.3) 17(73.9)

EGFR mutation 0.630
19 del 29(55.8) 13(56.5)
21L858 21(40.4) 10(43.5)
Others 2(3.8) 0(0)

TNM stage 0.286
IA/INB 16(30.8) 10(43.5)
v 36(69.2) 13(56.5)

Differentiation 0.929
Well 11(21.2) 4(17.4)
Moderate 19(36.5) 9(39.1)
Poor 22(42.3) 10(43.5)

CEA 0.743
Normal 25(48.1) 12(52.2)
Abnormal 27(51.9) 11(47.8)

Notes: *The expression of wnt5a was evaluated by H score of immunohistochemistry
(Positive: H Score>0; Negative: H Score=0).

Abbreviations: PFS, progression-free survival; EGFR, epidermal growth factor
receptor; TNM, tumor node metastasis; CEA, carcinoembryonic antigen.

proliferation, cell fate specification, migration and self-
renewal of CSCs.”’ Besides, among the Wnt protein
family, Wnt5a is an important potential target for cancer
treatment.”® Wnt5a is known as a typical non-canonical
ligand that is up-regulated in various types of cancers,
including gastric cancer, pancreatic cancer, and prostate
cancer.”’?° In addition, Wnt5a can promote the cisplatin
resistance of lung cancer cells through the Wnt signaling
pathway.® A number of scholars pointed out that the
gemcitabine resistance of bladder cancer cells is improved
after targeted inhibition of Wnt5a."' Our previous study
had also demonstrated that the Wnt signaling pathway is
and WntSa is

involved in regulation of LCSCs,

significantly increased by functional genome analysis of
Whnt signaling in LCSCs.*' Therefore, based on the above-
mentioned findings, we speculate that the resistance of the
first-generation EGFR-TKIs may be related to the expres-
sion levels of Wnt5a and CSCs.

To our knowledge, CSCs are an obstacle in cancer
therapy and are a major cause of drug resistance, cancer
recurrence, and metastasis. CSCs are responsible for drug
resistance and cancer relapse due in part to their ability to
self-renew themselves and differentiate into heterogeneous
lineages of cancer cells.'> A number of studies reported
that cytotoxic chemotherapy and targeted therapy kill the
majority of cancer cells, except for CSCs.*?** Whether
high expression level of Wnt5a promotes the resistance of
first-generation EGFR-TKIs through CSCs need to be
clarified. To improve the rationality of our hypothesis,
we, in the present study, constructed a mouse xenograft
model to analyze the relationship between the expression
level of Wnt5a and CSCs. We found that CSCs success-
fully formed tumors in mice (Figure S2 A). With the
analysis of mouse tumor cells, Wnt5a was highly
expressed (Figure S2 B1). Furthermore, after using anti-
CSCs therapies, the expression level of wnt5a was reduced
(Figure S2 B2). Therefore, it can be concluded that the
high expression level of WntSa may be related to the
activity of LCSC.

The above research indicated that Wnt5a is highly
expressed in tumor tissues, and the therapeutic effects of
the first generation of EGFR-TKIs are associated with the
expression level of Wnt5a. Although the underlying
mechanism remains unclear, we speculated that the
expression level of Wnt5a may be related to the existence
of LCSCs in combination with our previous research,
which led to the inefficiency of the first generation of
EGFR-TKIs.

The present study has a number of limitations that
should be pointed out. Firstly, the sample size was small.
Secondly, we did not comprehensively study the specific
mechanisms for drug resistance. Thus, we will further
expand the sample size and clarify those mechanisms in
the future research.

In conclusion, the expression level of Wnt5a is related
to the therapeutic effects of first-generation EGFR-TKIs in
lung adenocarcinoma patients harboring sensitive EGFR
mutation. Therefore, Wnt5a can be regarded as a potential
predictor and therapeutic target for the efficacy of the first-
generation EGFR-TKIs.
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H-score

P=0.0135

(Flod change)

Relative mRNA expression

Figure 3 Immunohistochemistry and reverse transcription polymerase chain reaction (RT-PCR) were used to semi-quantitatively evaluate the expression level of Wnt5a.
(A) Immunohistochemistry was used to semi-quantitatively evaluate the expression level of Wnt5a; (B) The expression level of Wnt5a in both effective group and the

ineffective group was investigated by RT-PCR.
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