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Abstract. — OBJECTIVE: Cervical cancer is
frequent in females. Epidermal growth factor re-
ceptor has a prominent expression in certain
malignant tumors. This study aims to observe
the expressional profile of epidermal growth
factor receptor (EGFR) in cervical cancer pa-
tients, and mutation of EGFR gene related with
its sensitivity towards tyrosine kinase inhibitor.

MATERIALS AND METHODS: Cervical can-
cer patients from our hospital were recruited as
the experimental group, in parallel with chronic
cervicitis patients as control group. Serum EG-
FR level was measured by enzyme-linked im-
munosorbent assay (ELISA), and EGFR levels
in cervical tissues were quantified by immuno-
histochemistry assay (IHC) staining. Real Time-
PCR (RT-PCR) examined mutations of exon 18,
19, and 21 of the EGFR gene, to analyze their
correlation with clinical or pathological features.

RESULTS: Serum EGFR in experimental group
was 1.16 = 0.04 ng/ml, significantly higher than
control group (p < 0.05). EGFR positive rate
was 71.1% in cancer tissues, significantly high-
er compared to controlled or adjacent tissues (p
< 0.05). Mutation rats of EGFR exon 19 and ex-
on 21 were 3.3% and 5%, respectively. No mu-
tation was found in exon 18. Such mutations
of EGFR gene were related with cancer differ-
entiation grade, tumor-lymph-node-metastasis
(TNM) stage, lymph node or distal metastasis
(p < 0.05), but not age, Karnofsky performance
score (KPS) score or infiltration depth.

CONCLUSIONS: EGFR is highly expressed in
serum and tumors of cervical cancer patients,
some of which showed mutations of exon 19
and 21 of EGFR gene with relatively lower fre-
quency. Mutation rates were significantly higher
in patients with highly differentiated grade, ear-
ly TNM stage, and those without lymph node or
distal metastasis.
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Introduction

As one of the most common malignant tumor
in the female reproductive system, cervical can-
cer has now become the second popular cancer
in females. Among all patients, about 85% were
newly discovered cases from under-developed
countries, making it one major threaten for wom-
an health!. In China, more than 130 500 people
were diagnosed as cervical cancer, occupying
about 30% of the world cancer population®. In
recent years, the incidence of cervical cancer is
rapidly increasing, with younger age of patient
population. Among sub-types of cervical cancer,
adenoma has an elevated trend of incidence. In
clinics, surgery in combination with auxiliary
chemotherapy has been widely applied targeting
early stage cervical cancer. For those terminal
stage cancer with recurrence or metastasis, com-
bined radiotherapy and chemotherapy can only
improve the survival rate of patients to limited
extents, and nearly 30% mortality rate still oc-
curs due to the lack of optimal treatment plan.
Under such circumstances, the exploration of
more effective treatment measures is of critical
importance for treating female reproductive can-
cer’. With the advancement of molecular biology
and pharmacology, and deep research of tumor
pathogenesis, molecular targeted anti-tumor drug
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with enhanced sensitivity of chemotherapy or
radiotherapy, has become one focus of cervical
cancer research.

Epidermal growth factor receptor (EGFR) be-
longs to EGFR super-family and consists of four
members including human epidermal growth fac-
tor receptor 1 (HER1), HER2, HER3, and HER4*.
EGFR is widely expressed on the surface of nor-
mal epidermal cells, is frequently over-expressed
in certain malignant tumor cells, and is correlated
with tumor invasion, migration, and unfavorable
prognosis®. In a comprehensive study® about non-
small cell lung cancer (NSCLC), EGFR gene
was found to have three major genetic mutations
including deletion, insertion, and missense, all
of which occur around adenosine triphosphate
(ATP) binding cleft domain. EGFR tyrosine ki-
nase (EGFR-TK) regional mutation mainly oc-
curs at exon 18 to 21, and nearly 90% occur in
exon 19 and 21. The previous work’ showed
significantly higher mutation rate in exon 19 of
EGFR gene than other exons, occupying about
half of the total mutations. However, no research-
es have been performed to confirm the existence
of EGFR gene mutation in cervical cancer. This
study thus recruited cervical cancer patients ad-
mitted to our hospital, to analyze mutations of the
EGFR gene.

Materials and Methods

General Information

A total of 60 patients who received biopsy of
cervical tissues and surgery for cervical cancer
in the first clinical medicine college of Yang-
tze University between January 2016 and Jan-
uary 2017 were recruited for this study. All pa-
tients received targeted drug gefitinib (Cat. No.
20100112, AstraZeneca, Cambridge, UK) with
250 mg daily oral ingestion and 4 weeks per
course, until tumor progression or intolerable
toxicity. Patients aged between 30 and 70 years
(average age = 52.5 + 4.8 years) and consisted of
11, 17, 18, and 14 cases at stage I, I, 111, and 1V,
respectively. Histology typing revealed 43 cases
of squamous carcinoma and 17 cases of adeno-
ma. Control group recruited 60 cases of chronic
cervicitis patients, which were extracted for
cervical tissues. Control group aged between 35
and 70 years (average age = 52.6 £ 4.2 years). No
significant difference of sex, age or body weight
existed between patient and control groups (p >
0.05), which were thus comparable.

All patients signed the informed consents. This
study has been approved by the Medical Ethical
Committee of the First Clinical Medicine College
of Yangtze University, Jingzhou, China.

Inclusive criteria: All patients received a con-
firmed diagnosis by histology. No patient had
mesenchymal disease, immune disorder, or
received radio-, chemo-, immune-therapy, fro-
zen, or laser treatment before surgery.

Reagents and Equipment

Na,-ethylenediaminetetraacetic acid (Na,-ED-
TA) anti-coagulation reagent, EGFR en-
zyme-linked immunosorbent assay (ELISA) kit,
EGFR blocking reagent plus primary antibody,
and rabbit anti-mouse secondary antibody kit
(ZSJG Biotechnology Co. Ltd., Beijing, China)
were used in this study. DNA extraction kit
(Tiangen Biotechnology Co. Ltd., Beijing, Chi-
na). The centrifugal machine was purchased from
Feige Co. Ltd. (Shanghai, China). Microplate
reader was purchased from Tecna Co. Ltd. (Tri-
este, UK). Dehydration apparatus was purchased
from Tiyoda Co. Ltd. (Tokyo, Japan). Microtome
was purchased from Leica (Frankfurt, Germany).
Computer-assisted image analyzing system was
purchased from Hewlett-Packard (Palo Alto, CA,
USA).

ELISA for Serum EGFR Contents
in Patients

All patients were collected for fasted venous
blood samples, which were centrifuged for sav-
ing the supernatant. ELISA approach was used
to quantify blood levels of EGFR. In brief, the
ELISA kit was incubated at room temperature
for 30 min. Standard samples were diluted, and
each concentration was repeated in five repli-
cates. Samples were added into the microplate
well. The reaction buffer was added followed
by washing, development, and quenching. Ab-
sorbance values at 450 nm wavelength were
measured on a microplate reader. Linear regres-
sion function was plotted for calculating sample
concentration.

IHC Staining for EGFR Expression in
Cervical Tissues of Patients

Cervical tissues were fixed in formalin, dehy-
drated, immersed in paraffin and embedded. Tis-
sues were prepared in slices, which were dried
overnight, de-waxed, dehydrated, and processed
in heat treated antigen retrieval. After blocking
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in normal goat serum, slices were incubated in
50 pl primary antibody for 1 h at room tempera-
ture, followed by 10 min incubation in 50 pl
secondary antibody at room temperature. Total
of 50 pl streptavidin-peroxidase solution was
added for 10 min incubation. 3,3’-diaminoben-
zidine (DAB) substrate was added for develop-
ment, followed by quenching, counter-staining
in hematoxylin, differentiation by HCl-ethanol,
dehydration, and cover-slip mounting. Comput-
er-assisted imaging system captured the image
for recording.

Identifying criteria of IHC findings®: posi-
tive expression was identified as brown or yel-
low-brown granules in membrane or cytoplasm
but not in the nucleus. Negative staining (-)
was identified with less than 10% of positive
staining cells. Weak positive (+) occurred when
11%-25% cells were positively stained. Positive
(++) staining was judged with 26%-50% positive
cells. Strong positive (+++) staining was identi-
fied when more than 50% of cells was positively
stained. Computer imaging system was used to
capture images. Five fields were randomly select-
ed from each slice for recording.

Cervical Cancer Tissue DNA Extraction
Total of 300 pl cervical tissues was homoge-
nized and mixed with 200 pl GA buffer for 15 s
vortex. Total of 200 pul Proteinase K was added
for 15 s shanking and 56°C overnight incubation
until complete resolving of lysate. 200 ul lysate
buffer was added for 20 min incubation at 70°C.
200 pl absolute ethanol was added for 15 s vor-
tex, and the mixture was loaded onto absorbance
column for 12000 r/min centrifugation (13400
x g) for 30 s. 500 ul GD buffer and 700 pul PW
washing buffer were added for 30 s centrifuga-
tion at 12000 r/min (13400 x g). The filtrate was
discarded and the column was dried in air for 30
min. 100 pl pre-warmed elution buffer TE was
added for 2 min incubation, and elute was col-
lected. Rinsing and elution steps were repeated

Table I. Primer design.

once more. Elution was quantified for A260 and
A280 values to calculate DNA purity and con-
centration.

Primer Design, Amplification, and
Assay for EGFR Exon 18, 19, and 21
Primer express software was used to design
PCR primers for EGFR exon 18, 19, and 21 (syn-
thesized by S Sangon Biotechnology Co. Ltd.,
Shanghai, China) as shown in Table I. Using
DNA from cervical tissues as the template, ex-
on 18, 19, and 21 of EGFR gene were amplified
under the following conditions: 94°C for 4 min,
followed by 35 cycles each containing 94°C for
20s, 57°C for 40 s, and 72°C 30 s, and ended with
72°C for 5 min. PCR products were identified by
agarose gel electrophoresis (Figure 1). Amplified
exon 18, 19, and 21 of EGFR were sequenced.

Statistical Analysis

The SPSSI17.0 statistical software (SPSS Inc.,
Chicago, IL, USA) was used for data processing.
Measurement data were analyzed by #-test. The
Student’s #-test was used to compare the differ-
ences of measurement data between two groups.
The Tukey’s post hoc test was used to validate
the analysis of variance (ANOVA) for comparing
measurement data among the groups. The enu-
meration data were compared by the chi-square
test. All data were presented as mean + stan-
dard deviation (SD). Multivariate analysis was
performed using a logistic regression model. A
statistical significance was defined when p < 0.05.

Results

Serum EGFR Level in Patients

Peripheral venous blood samples were collect-
ed from all patients. ELISA was used to test se-
rum EGFR content, which was shown to be 1.16
+ 0.04 ng/ml in experimental group significantly
higher than control group (p < 0.05, Figure 2).

EGFR exon Annealing temp (°C)

18 5-CAAATGAGCTGGCAAGTGCCGTGTC-3’ 58
5’-GAGTTTCCCAAACACTCAGTGAAAC-3’

19 5’-GCAATATCAGCCTTAGGTGCGGCTC-3’ 58
5’-CATAGAAAGTGAACATTTAGGATGTG-3’

21 5’-CTAACGTTCGCCAGCCATAAGTCC-3’ 58
5’-GCTGCGAGCTCACCCAGAATGTCTGG-3’
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Figure 1. PCR results for exons of the EGFR gene. (4) Exon 18. (B) Exon 19 (Lane 1-4) and exon 21 (Lane 5-9).
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Figure 2. Serum EGFR level of patients. *p < 0.05 with
statistical significance compared to control group.

EGFR Expression in Cervical Tissues

The assay was performed for the expression of
EGFR in cervical tissues. Results showed a total
of 10 cases with strong positive EGFR expres-
sion, plus 33 positive expression cases in cancer

Table II. EGFR expression in cervical tissues of patients.

tissues of experimental group, with the overall
positive rate at 71.7%. This rate was significantly
higher than adjacent tissues, or control tissues (p
< 0.05, Table 11, Figure 3).

Mutation of EGFR Gene in
Cervical Cancer Patients

We examined mutation of EGFR gene in all
cervical cancer patients and found 6 of them
showed mutation (8.3%), including 2 cases of
mutation at exon 19 (3.3%), 3 cases of mutation
at exon 21 (5%), and no mutation at exon 18
(Table III).

Correlation Between EGFR Gene
Mutation in Cervical Cancer Patients
and Clinical/Pathological Features

We analyzed the correlation between EGFR
gene mutation and clinical/pathological features,
including age, Karnofsky performance score
(KPS) score, infiltration depth, differentiation
grade, tumor-lymph-node-metastasis (TNM)
stage, lymph node metastasis, and distal metas-
tasis. Results showed a correlation between mu-

Expression intensity
Group No. - +-++ +++ Positive rate (%)
Cancer tissue 60 17 33 10 71.7%*
Adjacent tissue 60 50 8 2 16.7
Control tissue 60 54 6 0 10

*p < 0.05 compared to tumor adjacent tissues, *p < 0.05 compared to control group.
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Figure 3. EGFR expression in cervical tissues. From left to right: cancer tissues from patients; tumor adjacent tissues from
patients; controlled cervical tissues.

tation of EGFR gene exon 19 and 21 with tumor
differentiation grade, TNM stage, lymph node
metastasis, and distal metastasis (p < 0.05), but
not with age, KPS score, or infiltration depth (p >
0.05). For those cervical cancer patients with high
differentiation grade, early TNM stage, absence
of lymph node or distal metastasis, mutation
rate at EGFR exon 19 or 21 was relatively higher
(Table 1V).

Discussion

Cervical cancer is one common malignant
tumor in women from developing countries.
Current treatment measures mainly include
surgery, radiotherapy, chemotherapy, Chinese
medicine, intervention therapy, biological ther-
apy, and gene therapy. Combined therapy in-
volving more than two approaches can further
improve treatment efficiency®!?. Radiation is
one major treatment approach, although focal
recurrence is the predominant reason for unre-
sponsiveness. In clinics, chemotherapy such as
cisplatin can enhance the sensitivity of radio-
therapy. However, the severe toxicity of chemo-
therapy drugs restricts its application. EGFR is

Table Ill. EGFR gene mutation from cervical cancer pa-
tients.
Item Mutation case Mutation rate (%)
Exon 18 0 0
Exon 19 2 33
Exon 21 3 5
Total 5 8.3
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one trans-membrane glycoprotein belonging to
type I tyrosine kinase receptor. It mainly binds
with epidermal growth factor (EGF) or trans-
forming growth factor-p (TGF) ligand to form
homodimers after biological interaction, lead-
ing to conformational change of EGFR, leading
to the binding between intracellular ATP and
tyrosine kinase, thus phosphorylating tyrosine
residues in TK domain and phosphorylating
tyrosine residue of substrate to activate a series
of downstream signal transduction pathway,
eventually inducing abnormality of tumor cells
including proliferation, infiltration, metasta-
sis, angiogenesis, and apoptosis inhibition'""3.
Previous studies showed that EGFR inhibitor
(EGFR-TKI) had anti-tumor activity, and can
enhance radiation sensitivity of EGFR-positive
tumor cells™. This study recruited cervical
cancer patients from our hospital for quantify-
ing EGFR expression, and for analyzing EGFR
gene mutation.

In this study, cervical cancer patients were
recruited as the experimental group, in parallel
with chronic cervicitis patients as the control
group. Peripheral venous blood samples were
collected for measuring serum EGFR contents.
Results showed elevated serum EGFR level in
experimental group. These indicated over-ex-
pression of serum EGFR in cervical cancer
patients. Further assays on patient’s cervical
tissues measured tissue expression of EGFR,
which had a positive rate as high as 71.1%, sig-
nificantly higher than adjacent or control tissues.
These data showed elevated expression of EGFR
proteins in cervical cancer tissues. A previ-
ous study' showed over-expression of EGFR in
multiple tumors including NSCLC, pancreatic
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Table IV. Relationship between EGFR gene mutation in patients and clinical/pathological features.

Item No. Mutation in exon 19 Mutation in exon 21

Age

>60 27 1(3.7) 13.7)

<60 33 13.0) 2 (6.1)

p-value >0.05 >0.05
KPS score

<80 25 14 14)

>80 35 129 2(5.7)

p-value > 0.05 >0.05
Infiltration depth

Mucosa 25 14) 14)

Serosa 35 1(2.9) 247

p-value >0.05 >0.05
Differentiation

High 15 2 (13.3) 2(13.3)

Moderate 20 0 1(5)

Low 25 0 0

p-value <0.05 <0.05
TNM stage

T1 11 2(18.2) 2 (18.2)

T2 17 0 1(5.9)

T3 18 0 0

T4 14 0 0

p-value <0.05 <0.05
Lymph node metastasis

None 28 2(7.0) 2 (7.1)

Yes 32 0 1(3.0)

p-value <0.05 <0.05
Distal metastasis

None 46 24.3) 3(6.5)

Yes 14 0 0

p-value <0.05 <0.05

carcinoma, prostate cancer, breast cancer, and
colorectal carcinoma. Pfeiffer et al'® revealed
over-expression of EGFR in cervical cancer
tissues, with over 90% positive rate. Thomas et
al (Arch Pathol Lab Med 2015; 139: 1379-1388)
showed that EGFR expression level in cervical
squamous carcinoma was 7-fold higher than that
in normal cervical tissues. Leung et al'’ revealed
progressively enhanced EGFR expression in
glandular tissues adjacent to cervical adenoma,
as consistent with our results.

In a comprehensive study about non-small
cell lung cancer (NSCLC), EGFR gene was
found to have three major genetic mutations in-
cluding deletion, insertion, and missense, all of
which occur around ATP binding cleft domain.
Deletion mainly occurs on exon 19, and occu-
pies about 44% of all EGFR mutations, making
it the most popular subtype. Missense mutation
can occur at any locus of exons, among which
exon 18 mutation consists of 4% of total cases.
EGFR-TK regional mutation mainly occurs at

exon 18 to 21. This study further described the
EGFR gene mutation of cervical cancer patients
and found 6 patients (8.3%) showed mutation.
Among all those cases, 2 of them occurred at
exon 19 (3.3%), and 3 of them showed mutation
within exon 21 (5%). None of them had a muta-
tion on exon 21. We finally analyzed the correla-
tion between EGFR gene mutation with various
factors, including age, KPS score, infiltration
depth, differentiation grade, TNM stage, lymph
node metastasis, and distal metastasis. Results
showed that mutation on EGFR exon 19 and 21
of cervical cancer patients was correlated with
differentiation grade, TNM stage, lymph node
metastasis, and distal metastasis, but not with
age, KPS score, or infiltration depth. These re-
sults indicated that a small population of cervi-
cal cancer patients had a mutation at exon 19 and
21 of EGFR gene but with relatively lower muta-
tion rate. For those cervical cancer patients with
high differentiation grade, early TNM stage, no
lymph node or distal metastasis, the mutation
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rate of EGFR exon 19 and 21 is relatively higher.
Kim et al”® studied the expression of EGFR in
cervical cancer and showed no correlation be-
tween over-expression of EGFR and patient age,
menopause or histology subtype, but showing
increasing trend of expression with clinical ad-
vancement. Scholars also showed over-expres-
sion of EGFR and its ligand in cervical cancer
tissues, and high dosage Gefitinib (10 pumol/l)
presented significant inhibition on proliferation
of cervical cancer cells. Previous literature"
showed that the TKI small molecular drugs tar-
geting EGFR can suppress cervical cancer cells
and enhance radiotherapy sensitivity, and po-
tentiated sensitivity of cisplatin-resistant cancer
cells. Goncalves et al*” showed that EGFR-TKI
drug Gefitinib had some treatment efficiency
targeting cervical cancer. Comparing to stan-
dard chemotherapy drugs such as platin family,
Gefitinib had mild adverse effects and better
patient compliance. In this study, due to the rel-
atively smaller sample size, the lower mutation
rate of EGFR exons occurs. A current study?!
about EGFR still has not focused on cervical
cancer and lacks comprehensive studies. Fur-
ther large-sample basic and clinical studies are
thus required to investigate EGFR mutation in
cervical cancer and its effect on tyrosine kinase
inhibitor resistance.

Conclusions

We found that in cervical cancer patient serum
and cancer tissues, EGFR is over-expressed. A
small group of cervical cancer patients present
mutation of EGFR exon 19 and 21, but at relative-
ly lower incidence. For those patients with higher
differentiation grade, earlier TNM stage, absence
of lymph node or distal metastasis, EGFR exon
19 and 21 present relatively higher mutation rate.
With the advancement of molecular pharmacolo-
gy and biology, novel targeted anti-tumor drugs
are continuously developed. During clinical
treatment of cervical cancer, appropriate appli-
cation of TKI targeted drugs, and other classical
treatment methods can simplify individualized
treatment, and improved efficiency significantly,
although further studies and explorations are re-
quired in future.
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