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ABSTRACT

Aim: Colorectal cancer (CRC) is one of the leading cancers in the world. Even though its
mortality and pathophysiology are well documented in the US and the European countries, it
is seldom studied in North African population. Recent studies have shown link of HER2
overexpression in oesophageal and gastric cancers. The aim of this study is to assess the
HER2 protein and mRNA expression and its correlation with tumor pathogenesis in Libyan
CRC patients.

Methodology: A total of 17 FFPE tissue blocks were collected from patients with primary
CRC. The HER2 protein expression was assessed by immunohistochemistry and the mRNA
expression was assessed using qRT-PCR. Survival analysis of the role of HER2 overexpression
on rectal adenocarcinoma was carried out on additional 165 patients.

Results: From the CRC cohort, adenocarcinoma was found to be more frequent accounting
for 88.2%, and 11.8% for mucinous adenocarcinomas. Almost 47% of the cases were positive
for HER2 (score > 2+) and about 50% adenocarcinoma cases with tumor grade Il were positive
for HER2. Moreover, 57.4% adenocarcinoma patients with grade-Il tumor had undergone right
hemicolectomy. Furthermore, significant correlation (p = 0.03) between the HER2 mRNA
expression with the tumor grade was observed. In addition, poor overall all survival was
observed with high HER2 expression in rectum adenocarcinoma.

Conclusion: To our knowledge, this is the first study that HER2 overexpression correlates
with more aggressive colorectal cancer in North African population. Our study shows that
HER2 overexpression associates with right colon surgeries. Also, the correlation of mRNA
and protein expression could warrant the implementation of a nationwide screening
program for HER2 positivity in CRC patients. Taken together, stratifying patients according
to HER2 expression can help in the diagnosis and prognosis of CRC patients from North
African origin.
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1. Introduction , . .
the surveillance and screening programs is needed to

Colorectal cancer (CRC) is a major health problem,
ranking second in the United States, for men and
women combined [1]. Worldwide, the incidence of
CRC is 6.1% and the mortality 9.2%. Among females,
it is the second cause of death, after breast cancer and
along with lung cancer [2]. In Africa, CRC is still the
fifth most common malignancy with a higher inci-
dence in male than female, and the highest risk is
found in North, Southern, and East Africa [3]. Libya
reports the highest age-standardized rates and age-
specific incidence (ASRs) for CRC among the North
African countries and it amounts to the first malig-
nancy in Libyan men [4,5]. Since the prevalence of
CRC in the Libyan population has been increasing
over the last decade, a more targeted approach to

mitigate CRC-related morbidity and mortality. Despite
the ever-growing health burden of CRC, very few
breakthroughs have been recorded in its treatment,
especially in the area of targeted treatment.

One of the most prominent oncogenic targets is
the receptor tyrosine-protein kinase erbB-2, also
known as human epidermal growth factor receptor 2
protein (HER2), a member of the EGFR family of recep-
tor tyrosine kinases, that are involved transmembrane
signal transduction pathways. It has been reported to
have an altered expression in multiple cancers, either
because of multiple copies or because of mutations of
the respective gene ERBB2 [6]. Amplification of wild-
type ERBB2 is observed in 15%-20% of breast carci-
nomas and 20% of the gastric and gastroesophageal
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adenocarcinomas. Moreover, CRC cells also show
expression of HER2 oncoprotein and the frequency
of HER2 has been found to vary in colorectal tumors
[7]. There is also obscurity regarding the relationship
between HER2 and the aggressiveness of colorectal
tumors [8]. Hence, better understanding of the role of
HER2 in CRC cells is required for diagnostic and ther-
apeutic purposes.

Moreover, alterations in the HER2 dimerization
partner HER3, encoded by the ERBB3 gene, also affects
HER2 signaling and the sensitivity to targeted thera-
pies. Namely, the first anti-HER2 targeting antibody,
trastuzumab, used since 1998, binds the extracellular
domain of HER2 transmembrane receptor, crucial for
its dimerization, in selected patients based on their
immunohistochemical and PCR profile [9]. Another
drug targeting the dimerization domain, at
a different binding site than trastuzumab, is pertuzu-
mab, which is still a recombinant humanized anti-
HER2 IgG1 monoclonal antibody. Its effectiveness is
rather low when used alone, but the combination of
both trastuzumab and pertuzumab has been shown
to act synergistically both in vitro and in vivo in inhi-
biting tumor growth, at least for breast cancer. Phase
Il clinical trials, such as CLEOPATRA and APHINITY
study have shown prolonged overall survival and dis-
ease free survival Similar studies are now under way
for colorectal cancer. Another line of treatment
involves the Lapatinib, an intracellular blocker
approved for both HER2 and EGFR receptors simulta-
neously, which shows much greater overall inhibitory
effects [6].

Nowadays, ERBB2 genomic alterations are emer-
ging as an important target also for CRC. However,
the impact of ERBB2 overexpression and gene ampli-
fication in CRC is limited and sometimes contradictory
[10,11]. It has been reported that 2%-3% of all CRCs
show HER2 amplification [12], while the intracellular
localization of HER2 has also been postulated to also
have clinical significance [13,14], although not conclu-
sive [15]. Therefore, the knowledge of HER2 status in
CRC cancers is of paramount importance, not only
because HER2 might interfere with EGFR treatment
options, as vastly reported [11,13], but also because
it might aggravate a burdened genetic background.
The present study assesses the expression of ERBB2
both at the protein level using immunohistochemistry
and the mRNA level using gRT-PCR, in samples of
Libyan CRC patients. The aim of this study is to eval-
uate the HER2 status in a well characterized North
African population as a prerequisite to possibly imple-
menting patient screening for CRC in North African
region.

2. Materials and methods

Patients and tissue specimen

This is a clinical retrospective study of 17 Libyan
patients with primary CRC. Patients with secondary
cancers were excluded, whilst all primary CRC patients
were included, regardless of age, gender, or
tumor stage. Initial diagnosis was performed prior
and independently to our testing to determine the
TNM score. Tissue was sectioned from formalin-fixed,
paraffin-embedded (FFPE) biopsies for molecular and
immunohistochemical analysis. The patients’ charac-
teristics are listed in Table 1.

Ethical approval was obtained from the Ministry of
Health’s National Cancer Institute Research Ethics
Committee in Libya (Reference No:
NCI_MOH_23_11_2020). All methods were performed
in accordance with the relevant guidelines based on
the Declaration of Helsinki and the Belmont Report.
We obtained a written informed consent from all
study participants.

In addition to the 17 cases, 165 patients with rectum
adenocarcinoma were obtained from publicly available
database (www.kmplot.com) and Kaplan-Meier curve
for Overall Survival (OS) analysis of 48 months in rectum
adenocarcinoma were carried out.

Immunohistochemistry

About 3 pm sections from 17 FFPE CRC patients’
biopsies were immunohistochemically stained using the

Table 1. Clinico-pathological  characteristics of the
participants.

Demographic and histopathological parameters No.
Gender

Male 8
Female 8
Age

<50 yr. 6
>50 yr. 1
Tumor subtype

Adenocarcinoma 15
Mucinous 2
Tumor grade

| 2
I 12
n 3
Tumor stage

T1-T2 6
T3-T4 1
Metastasis

Yes 3
No 14
HER2 IHC

Negative 9
Equivocal 4
Positive 4
Type of surgery

Right hemicolectomy (Rt HCE) 6
Left hemicolectomy (Lt HCE) 2
Low anterior resection (LAR) 2
Subtotal colectomy (SbCE) 1
Abdominoperineal resection (APR) 2
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rabbit monoclonal antibody for HER2 (ab214275-abcam)
with 1:4000 dilutions according to the manufacturer’s
instructions. Two experienced pathologists (N.M and R.
H) scored independently, following the consensus
recommendations for HER2 scoring for CRC [15,16], on
a4-point scale (0, 1+, 2+, 3+). As far as HER2 localisation is
concerned, 2+ and 3+ showed predominantly mem-
brane localisation, while 1+ and 0+ showed more stain-
ing in the cytoplasm of the tumour cells. Our study
focused on assessment of the membranous HER2
expression.

RNA Extraction

RNA extraction was carried out from three
sequential (3 pm) sections from the same FFPE
block. Needle microdissection was carried out to
enrich for the tumor content. This was carried out
by marking the tumor areas on the slides and care-
fully removing the unmarked nontumor areas using
sterile needle and collect each marked area for mole-
cular analysis.

RNA was extracted using the RNA RecoverAll kit
(Thermofisher Scientific) according to the manufac-
turer's instructions. DNA removal was ensured by
treating the extract with Turbo DNase. RNA content
was measured at 260-280 nm using the Nanodrop
and stored at —20°C until used.

Quantitative reverse transcriptase-PCR (gRT-PCR)

gRT-PCR was performed using the Superscript
First-strand Synthesis system (Invitrogen). Real-time
qPCR was performed in triplicates, using SYBR green
(Solis BioDyne), on Quant Studio 3 (Applied
Biosystem). HER2 and reference gene were pream-
plified using the following primer sets HER2_sense:
ACATGCTCCGCCACCTCTACCA; HER_Antisense:
GGATCTGCCTCACTTGGTTGTG; 18srRNA_sense:
TGACTCAACACGGGAAACG; 18srRNA_antisense:
TCGCTCCACCAACTAAGAAC. A total 40 PCR cycles
were performed consisting of 15 secs denaturation
at 95°C and a combined annealing/extension cycle
of 10 min at 60°C. The threshold cycle value (Ct) was
normalized against the Ct value of internal control
18s RNA. The primer sequence has been previously
published [16].

Statistical Analysis

All statistical analysis was carried out using SPSS (ver-
sion 24) and Graph Pad Prism (version 8.1.2).
Comparisons with p < 0.05 were considered to be statis-
tically significant. One-way Annova was used to calculate
the difference in the mRNA expression between the
study groups. Correlation between IHC and the mRNA
expression was assessed and Pearson’s r > 0.9 was indi-
cative of minimal assay variability. Survival curves were
constructed with the use of the Kaplan-Meier method,
and survival differences were analyzed by the log rank
test.
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3. Results

Clinicopathological characteristics of CRC patients

Our study group comprised of eight males and eight
females (in one case, gender was not recorded). The
patients’ age ranged from 33 to 86 years (mean:
61 years). All clinico-pathological data are shown in
Table 2. Histopathological examination identified most
cases as adenocarcinomas (15/17, 88.2%) and 2 muci-
nous adenocarcinomas (11.8%). According to the TNM
classification, the patient biopsies were classified as
stage | (2/17, 11.8%), stage Il (12/17, 70.6%), and stage
Il (3/17, 23.5%). No difference in classification and sta-
ging were observed with respect to gender or age.

HER2 protein expression using IHC analysis

Following the HER2 diagnostic criteria, 2+ staining
in =210% but less than 50% of tumor cells were con-
sidered negative while the others were retested as
they were still equivocal [17]. A representative image
of the HER2 staining is shown in Figure 1. Among the
CRC cases tested, 47% (8/17) of the cases were posi-
tive for HER2 (Score = 2+) whereas, 52.94% (9/17)
were negative for HER2 (< 1+). Amongst the HER2
positive cases, 23.52% (4/17) were identified to be
equivocal with a score of 2+ and 23.52% (4/17) were
identified to be strongly positive with a score of 3+ .

HER2 mRNA expression by gRT-PCR

Regardless of their HER2 IHC profile, all samples were
evaluated using gPCR for the quantification of HER2
mRNA. A representative image of the gPCR amplifica-
tion plot with HER2 positive and negative samples is
seen in Figure 2. Ct for the 18S rRNA varied from 11.7 to
25.7 while the Ct for HER2 ranged from 27.1 to 35.9. The
results of PCR are summarized in Table 2.

Correlation between HER2 mRNA and protein
expression in CRC patients

Similar to the HER2 protein expression and varying
levels of MRNA expression was observed in all the study
samples. Strong correlation with the r* value of 0.77 was

Table 2. Table of the HER2 IHC and gRT-PCR.

HER2 18S
Ct
IHC score IHC group Ct mean mean ACt
1 0 Negative 35.927 20.925 15.002
2 0 Negative 28.933 12.485 16.448
3 0 Negative 30.232 15.78 14.452
4 0 Negative 30.481 13.996 16.485
5 0 Negative 28.457 11.673 16.784
6 1 Negative 31.721 13.28 18.441
7 1 Negative 30.694 20.62 10.074
8 1 Negative 30.714 15.558 15.156
9 1 Negative 29.119 15.047 14.072
10 2 Equivocal 334 22.021 11.379
1 2 Equivocal 31914 18.046 13.868
12 2 Equivocal 3033 25.751 4.579
13 2 Equivocal 27.118 12.805 14.313
14 3 Positive 32.791 24.573 8.218
15 3 Positive 30.926 18.659 12.267
16 3 Positive 30.267 18.729 11.538
17 3 Positive 28.822 13.963 14.859
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Figure 1. IHC staining images with (0, 1+, 2+, 3+) different
scoring, were the 0, 1+ considered to be negative and 3
+ considered to be positive.

observed with the HER2 protein and mRNA expression
(Figure 3a). Significant difference in the mRNA expres-
sion was observed between HER2 negative and HER2
positive groups (p = 0.03) however, no significant differ-
ence in the expression was observed with HER2 nega-
tive and equivocal groups (Figure 3b).

Correlation of HER2 and CRC clinical pathological
data

From the cohort of adenocarcinoma (88.23%), 50%
adenocarcinoma cases with tumor grade Il was
observed to be positive for HER2 (score = 2). Also,
the female CRC cases found to be highly positive for
HER expression (62.5%) whereas, only 50% of HER2

positivity was observed in male CRC specimens. HER2
mRNA expression and the tumor grade was found to
be significantly correlated with the (r = 0.33,
p = 0.03). However, survival analysis on 165 patients
with rectum adenocarcinoma revealed poor overall
survival with high HER2 expression showing steep
drop between after 40 and 60 months (Figure 4).
This further strengthens our understanding of the
association between HER2 expression and CRC
severity.

4. Discussion

This is the first study linking HER2 expression to color-
ectal cancer in Libya, which has the highest CRC
incident in North Africa. The study show that HER2
overexpression seems to correlate with more aggres-
sive colorectal cancer so stratification of patients
according to HER2 status can be beneficial in the
therapeutic management of patients and early detec-
tion of aggressive CRC, which can better inform the
type of treatment needed for the patient thereby
improving their survival and quality of life. In addition,
the findings show that HER2 overexpression associ-
ates with right colon surgeries, which may help sur-
geons to plan resections in a more efficient manner
resulting in less adverse effects thereby improving the
patients’ quality of life postsurgery. In addition, the
study shows that HER2 mRNA expression correlates
with protein expression levels, and this finding could
warrant the implementation of a nationwide screen-
ing program for HER2 positivity in CRC patients.
Moreover, current clinical trials, such the HER2
Amplification for Colorectal Cancer Enhanced
Stratification (HERACLES) cohort A and the My
Pathway have already provided evidence of the use-
fulness anti-HER2 therapies in the abovementioned
cohort of patients [17]. The combination of trastuzu-
mab, the anti-HER2 monoclonal antibody, and lapati-
nib, the dual EGFR/HER2 small-molecule inhibitor, is
more effective in reducing tumor size in ERBB2-
amplified metastatic CRCs, than each one alone [18].
Our results suggest that HER2 positive samples
are the 47% of the tested samples which is highly

Amplification Plot
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Figure 2. ERBB2 mRNA expression. Examples of real time PCR with SYBER Green. This was carried out in triplicate using RNA
samples extracted from tumour cells microdissection from paraffin-embedded tissue sections.
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Figure 3. (a) Correlation of IHC group to HER2 protein expression and (b) correlation of HER2 mRNA expression between CRC
study groups delta Ct mean to HER2 mRNA expression. * p < 0.05.
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Figure 4. In large cohort of 165 patients,
rectum adenocarcinoma.

larger than the generally reported percentage. In
a Chinese population, the reported positivity with
the same scoring criteria is 2.6% which is more
aligned to the generally reported [19]. Membranous
expression of HER2 was observed in samples with
score of 2+ and above. Although some samples
showed cytoplasmic staining, based on the intensity
and distribution, the cytoplasmic staining was not
more than +1 score and are grouped as HER2 nega-
tive. In addition, ACt is an indication of the normal-
ized quantitative HER2 expression within tumor cells.
We have found that ACt correlated significantly to
the IHC groups. This further confirms HER2 positivity
in colorectal cancer in Libyan samples. The lack of
established scoring system of HER2 in CRC is respon-
sible for the variability of the reported percentages,
ranging from 1.3 to 82%. The United Kingdom has
undertaken an initiative to unify HER2 scoring
nationwide, through its UK-NEQAS scheme, mostly
for breast cancer [20].

The findings from this study are especially impor-
tant to using HER2 screening for a wide nationwide

high HER2 expression show a trend, after 40 months, towards poor overall survival in

search, in the future. In Libya, the field of disease
mapping has not been developed enough, although
cancer is the third leading cause of death in the
country, after car accident and cardiovascular dis-
ease [20].

It has been clearly demonstrated that HER2 gene
amplification differs significantly between right/left-
sided and rectal carcinomas. In our study, most of the
cases that scored 2+ and 3+ CRC ended up having
right hemicolectomy. A right hemicolectomy is
usually performed for cancer of the cecum and
ascending colon, and for some hepatic flexure. A left
hemicolectomy is appropriate for tumors in the distal
transverse or descending colon and for selected
patients with proximal sigmoid colon cancer. While
mortality and major complications are comparable to
both sides, in right-sided colectomies, patients were
less likely to have a superficial infection due to the
surgery. Regarding the malignancy status, patients
with right-sided colon cancers are different than
those with left-sided cancers. They are older, present
at a more advanced stage, and have a higher
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unadjusted mortality rate postoperatively [21]. In our
study, the patients are rather older in age and with
more advanced cancer, matching the previous
reports. Moreover, previous studies in Libya have
revealed that women are more likely to be affected
by a right colon tumour [3]. Furthermore, another
study found that distal CRC was more prevalent in
Libya [4].

The issue of regionality of CRC cancer is very
important because of the genetic component and
the regional diet and traditions that may enhance or
decrease the CRC risk. The shift from traditional food
to more universal processed food has been seen
across the globe. In Tunisia, within 15 years (1994-
2009), the incidence of CRC has markedly increase and
it is postulated that if no interventions are implemen-
ted it is going to double by 2024. This increase is
mostly due to the change of living of Tunisians,
which leads to obesity, sedentary living, and junk
food eating [22].

Due to the lack of infrastructure and the aware-
ness in HER2 colorectal cancer testing, almost 80% of
the colorectal tumors were identified in the late
stages of tumorgenesis and only 20% of the patients
are identified with early stages of CRC [23]. In addi-
tion, as the secondary tumors and tumors with no
proper clinical records were excluded from the study,
the number of samples would be reduced. In addi-
tion, there is a single specialist oncology center,
whilst peripheral clinics accept and treat cancer
patients, however without consistent patients’ record
keeping. Therefore, longitudinal studies cannot be
performed, since patients are lost after initial recover
and no follow up is set up. These limitations, how-
ever, just further highlights the value of this research,
as the first that records and assesses CRC patients in
this North Africa, in terms of HER2 link to cancer
severity. Having said that, this study employed multi-
ple molecular methods to identify the HER2 expres-
sion in the patients’ cohort. Taken together, the
prevalence from this study provides an accurate
representation of the HER2 expression in the larger
cohort of Libyan colorectal cancer patients. In addi-
tion, considering the limited sample size included
herein, the available TCGA database with 165 sam-
ples was used to further illustrate the effect of HER2
expression on the overall survival of colorectal cancer
patients.

5. Conclusions

Based on the above findings, we conclude that HER2
amplification at the transcript and protein level corre-
lates to aggressive CRC disease in Libyan population
and can be used as a reliable screening tool for
aggressive CRC in Libya and other North African coun-
tries. Once extensive database of CRC patients is

established, molecular screening of HER2 (such as
those from blood) in the population may be used to
determine the risks associated with the constantly
increasing CRC risk in North Africa.
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