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Abstract. Epidermal growth factor receptor (EGFR)
expression is commonly upregulated in sporadic colorectal
cancer (CRC) and its high expression is associated with poor
prognosis in patients with CRC. CA-SSR1 is a dinucleotide
CA repeat of the EGFR gene that can modulate EGFR
transcription and is a potential target of the mismatch repair
machinery in tumours with microsatellite instability (MSI).
In the present study, 160 sporadic colon cancer samples were
analysed for EGFR CA-SSR1 polymorphism and MSI status.
Additionally, EGFR mRNA and protein expression levels in
the tumour centre and in the invasive tumour front, compared
with those in adjacent normal tissue samples, were evaluated
in 80 tumour samples. An inverse association was identified
between EGFR mRNA levels and the sum of repeats in both
alleles of the CA-SSR1 polymorphism in normal tissues.
Changes in CA-SSR1 were detected in the tumour centre as
well as in the invasive tumour front and metastases in all MSI
high (MSI-H) tumours. Analysis of EGFR expression at the
mRNA and protein levels according to MSI status revealed
lower EGFR mRNA and protein expression in MSI-H tumours
than microsatellite-stable (MSS) tumours. Furthermore,
higher EGFR levels in the invasive tumour front compared
with in the tumour centre in MSS tumours were identified,
suggesting a role of EGFR in tumour progression and higher
invasive potential of MSS than MSI-H tumours.

Introduction

Sporadic colorectal cancer (CRC) is the second most common
cause of cancer death in developed countries with an estimated
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1,8 million new cases and 862,000 deaths in 2018 (1,2). Despite
the overall advances in diagnosis and therapy, survival rates for
colorectal cancer remain disappointing at approximately 65%
depending on the stage. Hence, finding molecular markers
that can improve patient diagnosis and treatment selection is
necessary.

Epidermal growth factor receptor (EGFR) is a membrane
receptor of the receptor tyrosine kinase (ErbBs) family that
plays an important role in cell proliferation, survival, differ-
entiation and invasion in sporadic colon cancer (3,4). Several
studies have shown that EGFR is overexpressed in approxi-
mately 50% of colon tumours (5-7) and there is an increased
level of EGFR protein at the invasive tumour front (ITF) in
comparison to the tumour centre (8,9). This increased EGFR
expression has been related to the presence of tumour budding
leading to tumour invasion and other aggressive pathohisto-
logical features (10-13). Overexpression of EGFR protein in
CRC can be rarely attributed to gene amplification and is more
often attributed to polymorphisms in the EGFR gene (14).

Polymorphic regions are excellent candidates as possible
prognostic biomarkers for cancer patients. Their main advan-
tage is that they can be easily assessed from blood and normal
and tumour tissue and determined by straightforward and
well-established methods. One of these regions is the CA
dinucleotide repeat polymorphism in intron 1 of the EGFR
gene. CA-SSR1 is important due to its close location to the
second enhancer (15) which endows it with the ability to
influence the expression of the EGFR gene (16-21). Given that
CA-SSRI1 could modulate EGFR transcription, changes in its
sequence could also alter the levels of EGFR protein. Different
studies investigated the role of CA repeats and its prognostic
implication in various types of cancer and some of them have
brought into connection an increasing number of repeats and
decreasing levels of both EGFR mRNA and protein expres-
sion (22,23). However, the results and its potential predictive
impact in CRC remain contrasting and inconclusive (24,25).

Sporadic CRCs can be divided into microsatellite-stable
(MSS) tumours and tumours having microsatellite instability
(MSI) as a result of failure in the DNA mismatch repair
(MMR) system (26). This failure results in changes in the
length of microsatellite sequences, potentially also affecting
the EGFR CA-SSR1 polymorphism. Even though it is recog-
nized that MSI can affect repeat elements of the EGFR gene,
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and subsequent EGFR expression (27,28), clinical and patho-
logical significance is still not extensively studied.

Therefore, we decided to investigate the effect of the EGFR
CA-SSR1 polymorphism on mRNA and protein expres-
sion by considering microsatellite status in CRC tumours.
Furthermore, we wanted to examine the difference in EGFR
mRNA and protein expression between the tumour centre and
invasive tumour front in accordance to MSI status to clarify
the role of EGFR in CRC tumour progression. Additionally, we
performed a correlation analysis between the EGFR expres-
sion and CRC clinicopathological characteristics in MSS and
MSI-H tumours.

Materials and methods

Study subjects and DNA isolation. Our study included
tumour samples from 160 patients diagnosed with sporadic
colon adenocarcinoma obtained from the Croatian Tumour
Bank (29). Tissue samples were collected from 2013 to 2019
during routine surgery performed in Merkur Clinical Hospital.
Fresh tumour samples were stored at -80°C until DNA and
RNA extraction. From each patient two samples of tumour
were obtained: One corresponding to the tumour centre (T1)
and the other corresponding to the invasive tumour front (T2)
as well as adjacent normal colon tissue. If metastasis (M)
was present, samples were retrieved for the analysis. In MSS
tumours 15 and in MSI tumours 2 metastasis samples were
obtained. Before use in the study, each specimen was verified
by a pathologist (A.S).

DNA was extracted from the blood and tumour tissues as
well as corresponding normal tissue samples located 15 cm
from the tumour edge. DNA extraction was performed using
proteinase K digestion and phenol-chloroform extraction (30).

PCR. For MSI analysis paired normal and tumour DNA
was analysed for changes in five loci each, using previously
published Bethesda panel (26).

The primer sequences used were as follows: D2S123:
forward, 5-AAACAGGATGCCTGCCTTTA-3" and reverse,
5'-GGACTTTCCACCTATGGGAC-3'"; D5S346: forward,
5'-ACTCACTCTAGTGATAAATCGGG-3' and reverse,
5'-AGCAGATAAGACAGTATTACTAGTT-3'; D17S250:
forward, 5'-GGAAGAATCAAATAGACAAT-3' and reverse,
5'-GCTGGCCATATATATATTTAAACC-3'; BAT-25a:
forward, 5" TCGCCTCCAAGAATGTAAGT-3' and reverse,
5"TCTGCATTTTAACTATGGCTC-3"; BAT-26: forward,
5-CTGCGGTAATCAAGTTTTTAG-3' and reverse, 5-AAC
CATTCAACATTTTTAACCC-3'. Samples were considered
MSI low (MSI-L) samples if only one marker was changed and
MST high (MSI-H) if at least two out of five markers showed
instability.

For EGFR intron 1 polymorphism genotyping, forward,
5-GGGCTCACAGCAAACTTCTC-3' and reverse, 5'-AAG
CCAGACTCGCTCATGTT-3 EGFR primers were used.

Genomic DNA (100 ng) was used as a template in a reac-
tion volume of 25 yl containing 5 pmol of each primer, 50 M
of each ANTP, and 1 U of Taq Gold DNA polymerase (Applied
Biosystems; Thermo Fisher Scientific, Inc.). PCR tests were
carried out in an Applied Biosystems GeneAmp PCR System
2400 for 30 cycles. Annealing temperatures for each primer

set were optimized in pilot studies before processing experi-
mental samples.

Short tandem repeats analysis. Polymorphic marker analysis
of D2S123, D5S346, D175250 and EGFR intron 1 polymor-
phism was performed by non-denaturing polyacrylamide
electrophoresis as previously described (31). In brief, the
PCR product was mixed with loading buffer and loaded onto
a 10% non-denaturing polyacrylamide gel. Electrophoresis
was performed for 16 h at room temperature and gels were
silver stained. MSI was defined as a visible change in the
allele:allele ratio in tumours compared with matching normal
tissue.

Analysis of BAT-25 and BAT-26, as well as validation of
fragment length for the EGFR intron 1 polymorphism, was
carried out with an ABI Prism® 310 genetic analyser with
a GeneScan Analyzer (Life Technologies; Thermo Fisher
Scientific, Inc.). The primers used for the genetic analyses
were labelled with fluorescent dye. The GS500 ROX (-250
LIZ; Thermo Fisher Scientific, Inc.) size marker was added to
each sample.

RNA extraction, cDNA synthesis and quantitative PCR
(qPCR). Total RNA was extracted from snap frozen samples
of resected colon carcinoma and corresponding normal tissues
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). To quantify EGFR expression levels, | mg of RNA
was used to synthesize equal amounts of cDNA using the
High-Capacity cDNA Reverse Transcription Kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.). gPCR analysis
was performed using an ABI PRISM 7300 sequence detec-
tion system (Applied Biosystems; Thermo Fisher Scientific,
Inc.) and predeveloped TagMan assay reagents: Hs01076090
for the EGFR gene and Hs01060665 for the beta-actin gene
as an internal control. PCR was carried out according to the
manufacturer's protocol. The method used for analysis was
2-88Ca (32),

Immunohistochemical (IHC) analysis of EGFR expression.
Formalin-fixed and paraffin-embedded blocks were cut into
2 um sections at least 24 h prior to immunostaining and
mounted on microscope slides. Antigen retrieval was carried
out in citrate buffer at 95°C for 5 min. Sections were incubated
overnight with anti-EGFR monoclonal antiboody (1:100, Santa
Cruz Biotechnology). Secondary detection was performed
using a goat anti-rabbit IgG antibody conjugated to horseradish
peroxidase (HRP) (ready to use; Cell Signalling Technology).
Antigen-antibody complexes were visualized by incubation in
diaminobenzidine tetrahydrochloride (Dako) for 3 min and
counterstained with haematoxylin. The EGFR stained slides
were evaluated for staining intensity which was scored from
0 (no staining) to 3 (strongest staining) using light microscope
at the magnification of x100. All control slides (without
primary antibody staining) were negative for staining. For
further analysis, EGFR expression was divided into a high and
low category. EGFR expression was defined low when there
was either no staining (Score 0) or there was a weak positive
(light brown) staining (Score 1), and high EGFR expression
was defined when staining intensity was either intermediate
(Score 2) or strong (Score 3).
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Figure 1. CA-SSR1 polymorphism of the EGFR gene and microsatellite instability. (A) Distribution of the 10 most common allele frequencies of EGFR intronl
polymorphism (CA-SSR1). (B) Electropherogram of the EGFR CA-SSR1 fragment length analysis carried out with a GeneScan Analyzer in N, T1, T2 and M
samples from (a) MSS and (b and ¢) MSI high tumours. CA-SSRI analysis revealed (a and b) homozygosity and (c) heterozygosity in the N. (a) MSS tumour
exhibited no instability in all samples of the same patient. (b and ¢) MSI tumours exhibited instability with (b) additional shortened or (c) elongated alleles
(indicated by arrows) in T1, T2 and M samples. Black peaks indicate germline alleles; the upper axis shows fragment sizes. N, T1, T2 and M samples were
all collected from the same individual. EGFR, epidermal growth factor receptor; N, adjacent normal tissue; T1, tumour centre; T2, invasive tumour front; M,

metastasis; MSS, microsatellite-stable; MSI, microsatellite instability.

Statistical analysis. Statistical analyses were performed using
the GraphPad Prism statistical package (GraphPad Software,
Inc.). Correlations between the EGFR CA-SSR1 genotype and
EGFR mRNA expression were analysed using Spearman's
correlation coefficient and linear regression analysis. The
relationship between the sum of repeats in both alleles in the
EGFR CA-SSR1 polymorphism and EGFR protein levels
was examined by two-tailed unpaired Student's t-test and the
Mann-Whitney test. Two-way analysis of variance (ANOVA)
with Bonferroni correction was used to compare EGFR mRNA
expression between the groups. For EGFR THC analysis and
further correlation with clinicopathological characteristics,
contingency table with Fisher's exact test was used to calculate
statistical significance. Overall survival rate was determined
by Kaplan-Meier, and statistical differences between groups
were calculated with the log-rank test. Data are presented as
the mean + SEM. Values of “P<0.05, “P<0.01 and “P<0.001
were considered statistically significant.

Results

CA-SSRI polymorphism of the EGFR gene and microsatellite
instability. The EGFR intron 1 CA repeat polymorphism
(CA-SSR1) was genotyped in 160 blood samples from patients
with sporadic colon cancer. The number of CA repeats ranged
in length from 15 to 21 and homozygous 16/16 CA repeats were
the most frequent genotype (24.5%), followed by heterozygous
16/18 (16.6%) and 16/20 (14.4%) CA repeats. The frequencies
of 10 most common genotypes (present in 140 patients; 87%)
are shown in Fig. 1A.

Furthermore, tumour centre (T1), invasive tumour
front (T2) and, if present, corresponding metastasis (M)
samples in comparison to corresponding normal tissues (N)
were analysed for MSI status and the EGFR CA-SSR1
polymorphism. Analysis showed that MSI was present in

Table I. MSI status of tumours.

Number of markers

exhibiting instability Number (%) Interpretation
=2 20 (12.5) MSI-H

1 13 (8.1) MSI-L

0 127 (79.4) MSS

MSI, microsatellite instability; MSI-H, microsatellite instability high;
MSI-L, microsatellite instability low; MSS, microsatellite stable.

33 (20.6%) tumour samples, 13 (8.1%) tumours were MSI-L
and 20 of 160 analysed tumours (12.5%) were MSI-H. The
remaining 127 (79.4%) tumours were classified as micro-
satellite stable (MSS) (Table I). CA-SSR1 polymorphism
fragment length analysis in MSS colorectal tumours showed
the same genotype in T1, T2, M and corresponding N tissue,
in all samples (Fig. 1B-a). In contrast, in all MSI-H samples
instability was detected in T1, T2 and M samples as additional
shortening or elongation of alleles of the CA-SSR1 polymor-
phism (Fig. 1B-b and c).

Association of CA-SSRI1 with EGFR mRNA and protein
expression. To determine whether the number of CA-SSR1
CA repeats is associated with changes in EGFR transcription
and protein expression levels, 80 specimens with the most
frequent CA-SSR1 genotypes were analysed for EGFR mRNA
and protein expression with regards to MSI status.

When we calculated the sum of CA repeats from both
alleles per patient, the median sum of all samples present in
study was 34 (range 31-42), with 52.2% patients having less
than 34 repeats. Therefore, we classified patients as having
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Figure 2. Association of CA-SSR1 with EGFR mRNA and protein expression in MSS and MSI-H sporadic colorectal tumours. (A) Spearman's correlation
coefficient of the sum of CA repeats from both alleles per patient of the EGFR intron 1 polymorphism and EGFR mRNA expression levels in MSS (r=-0.3576;
P=0.0047) and MSI-H (r=-0.6335; P=0.0036) tumours. (B) Correlation between the sum of CA repeats from both alleles per patient (<34 or >34) of the
CA-SSR1 polymorphism and EGFR immunohistochemical score. Statistical significance was analysed using (A) Spearman's correlation coefficient and linear
regression analysis and (B) two-tailed unpaired Student's t-test. (C) Representative immunohistochemical images of epidermal growth factor receptor staining.
Images represent the tumour staining scores between 0 and 3 (magnification, x100). EGFR, epidermal growth factor receptor; MSS, microsatellite-stable;

MSI-H, microsatellite instability high.

either low (<34) or high (>34) numbers of CA repeats in both
alleles. An inverse correlation was found between a higher sum
of CA repeats in the EGFR CA-SSR1 polymorphism and lower
EGFR mRNA expression in both MSS (P=0.0047) and MSI-H
sporadic colorectal tumours (P=0.0036) (Fig. 2A). However,
there was no correlation between EGFR protein expression and
CA-SSR1 genotype in MSS (P=0.3681) or MSI-H (P=0.3917)
tumours (Fig. 2B). Fig. 2C shows representative immunohis-
tochemical staining for EGFR in the tissues histologically
classified as adenocarcinoma. Immunohistochemical staining
was scored as negative (Score 0), weak (Score 1), intermediate
(Score 2) or strong (Score 3) at a magnification of x100.

EGFR expression in the tumour centre and at the invasive
margin. Since it is known that EGFR can promote cell migra-
tion, invasion, and metastatic dissemination we also evaluated
EGFR mRNA and THC protein levels in the tumour centre
(T1) and invasive tumour front (T2) samples.

The analysis showed that EGFR mRNA levels were signifi-
cantly higher in both T1 (P=0.009) and T2 (P=0.024) samples
of MSS tumours than in normal tissues. However, in MSI-H
tumours, EGFR mRNA levels were not significantly increased
in either T1 or T2 samples in comparison to adjacent normal
tissue samples (P>0.999). Both T1 and T2 of MSI-H tumours
showed decreased EGFR mRNA levels in comparison to
those in MSS tumour, nevertheless, this was not statistically
significant. There was no difference in the expression of EGFR
mRNA between normal tissues adjacent to MSS and normal
tissues adjacent to MSI-H tumours (Fig. 3).

Immunohistochemical analysis further confirmed these
results. EGFR protein expression was detected in 6 (35.5%)

1071
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Figure 3. EGFR expression in the tumour centre and at the invasive tumour
front. mRNA expression in N, T1 and T2 samples from MSS and MSI-H
tumours. Statistical significance was analysed using two-way ANOVA.
The data are presented as the mean = SEM. "P<0.05 and “P<0.01. EGFR,
epidermal growth factor receptor; N, adjacent normal tissue; T1, tumour
centre; T2, invasive tumour front; MSS, microsatellite-stable; MSI-H, micro-
satellite instability high.

adjacent normal tissues, 50 (92.6%) TI1 tissues and in
39 (97.5%) T2 tissues of MSS tumours as well as in 2 (28.5%)
adjacent normal tissues, 12 (66.7%) T1 tissues and 6 (54.5%)
T2 tissues of MSI-H tumours.

EGFR protein expression was significantly increased in
tumour tissues in comparison to adjacent normal tissues in
MSS tumours (P<0.0001). Moreover, the analysis showed a
difference in EGFR protein expression between T1 and T2
samples of MSS tumours (P=0.001) (Table II and Fig. 4).



Bz SPANDIDOS .
—q PUBLICATIONS ONCOLOGY LETTERS 21: 131, 2021 5

There was also significantly higher EGFR expression in MSS
tumours than in MSI-H tumours in both T1 and T2 samples
(P=0.040,P=0.001, respectively) (Table Il and Fig. 4). However,
there was no difference in the expression of EGFR protein in
tumour tissues in comparison to adjacent normal tissues in
MSI-H tumours or between normal tissues adjacent to MSS
and normal tissues adjacent to MSI-H tumours (Table IT and
Figs. 4, S1 and S2). Immunohistochemical staining showed
similar EGFR protein expression in T2 and liver or lymph

MSS/MSI-H
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ié ) 2, o node metastasis samples (Figs. 4, S1 and S2).
? = S 3 There was no correlation between EGFR protein expression
~ | E < < and tumour size, histological grade, Dukes' stage of tumours
(P>0.05) (Table III) in either MSS or MSI-H tumours. The
survival of the two MSS tumour subgroups, based on EGFR
immunohistochemical score, had no statistically significant
difference (P=0.717) (Table IV).
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Table I'V. Survival of patients with microsatellite stable sporadic adenocarcinoma stratified by EGFR expression.

EGFR expression Cases, n Deaths, n Mean survival, months P-value
Low 5 3 21.6 0.7171
High 11 5 394

Low EGFR, immunohistochemical score 0 and 1; high EGFR, immunohistochemical score 2 and 3. EGFR, epidermal growth factor receptor.
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Figure 4. Immunohistochemical staining of epidermal growth factor receptor protein expression. Images show N, T1 and T2 samples from MSS and MSI-H
tumours, as well as a liver M sample from an MSS sample and lymph node M sample from an MSI-H tumour sample. N, T1, T2 and M samples were all
collected from the same individual (magnification, x400). N, adjacent normal tissue; T1, tumour centre; T2, invasive tumour front; M, metastasis; MSS,
microsatellite-stable; MSI-H, microsatellite instability high.

per patient from all samples present in our study. The results  increasing sum of CA-SSR1 alleles which is in line with other
showed that EGFR mRNA expression levels declined with an  papers (22,23), possibly due to changes in DNA secondary
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structure. However, this effect was absent at the protein level,
an effect seen also by McKay et al (41) and Buisine et al (28).
This could be explained by posttranscriptional regulation via
miRNAs (42,43) and possibly other regulatory mechanisms
on protein levels like EGFR dimerization, internalization,
degradation or recycling (44-46). Interestingly, MSI tumours
had lower levels of EGFR on both mRNA and protein levels
in comparison to MSS tumours, however, our results show that
this is not mediated by EGFR CA-SSR1 polymorphism but
via some other mechanism that should be further investigated.

To highlight the potential relationship between EGFR
overexpression and tumour invasion, we analysed tumour
centre and invasive tumour front samples from each patient.
Our results showed for the first time that EGFR mRNA and
protein levels were lower in both the tumour centre and inva-
sive tumour front of MSI-H tumours than in such samples from
MSS tumours. This is in accordance with several studies that
showed a smaller number of metastatic lymph nodes in MSI-H
patients than MSS patients (9,47), and it could also clarify why
MSI-H metastatic CRC is rare (48). In addition to increased
host immunity (49,50), a decrease in EGFR expression in
MSI-H CRC could partially explain why these cancers are less
aggressive and have a more promising prognosis. Additionally,
in MSS tumours, there was a higher expression of EGFR at
the invasive tumour front in comparison to the tumour centre
which confirms the putative role of EGFR in tumour invasive-
ness and the development of metastasis in CRC. This indicates
that even though changes in non-coding regions are usually
background effects, intron 1 polymorphism could play a role
since it is located near the region that has a regulatory function
in the EGFR gene (51).

Correlation between EGFR expression and colon cancer
staging along with histological grade and tumour size is still
at issue (8). In our study, we found no association between
tumour size, histological grade, or Dukes' stage with a level of
EGFR expression either in MSS or in MSI-H tumours. Several
studies addressed the possible relationship between EGFR
overexpression and tumour stage and/or histological grade.
McKay et al (41) reported a significant association between
the histological grade and EGFR, however, they showed no
correlation between EGFR expression and the Dukes' stage.
On the other hand, Theodoropoulos et al (52) reported an
association between advanced tumour stage and high EGFR
expression, excluding correlation with tumour grade. Whereas,
Del Carmen et al (42) showed no correlation with either tumour
size, TNM stage or tumour differentiation altogether leading to
the conclusion that EGFR remains a controversial prognostic
factor. Even though survival analysis for MSS tumours showed
no statistical significance, it should be taken in consideration
that we had a very small dataset for MSS tumours and a
complete lack of survival data for MSI-H tumours. Therefore,
this aspect of our research should be expanded in the future.

In conclusion, the present study identified the CA-SSR
polymorphism in intron 1 of the EGFR gene as a potential new
CRC marker that is exclusively altered in MSI-H colorectal
tumours. Additionally, we showed higher EGFR expression
in MSS than in MSI-H tumours. The highest EGFR expres-
sion found in invasive tumour front of MSS tumours suggests
more important role of EGFR in MSS tumours progression
than in MSI-H tumours where MSI is a dominant molecular

genetic change. Furthermore, instability in EGFR CA-SSR1
polymorphism that correlates with decreased EGFR expres-
sion suggests that it could serve as an indicator of sporadic
MSI-H CRC progression.
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