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Purpose: This study was designed to investigate the correlation between the expression of
human epidermal growth factor receptor 2 (HER2), mismatch repair (MMR), and clinico-
pathological parameters and serum tumor markers in a total of 522 resection samples
materials from colorectal cancer (CRC) patients. These data were also used to determine
the links between HER2 and MMR expression and prognosis.

Methods: We conducted a retrospective analysis of the clinical data from 522 CRC patients.
Immunohistochemistry (IHC) was used to detect HER2 overexpression and MMR deficiency
(dMMR) in tumor specimens which were then correlated with various clinicopathological para-
meters. Prognostic value for HER2 and MMR expression was then evaluated using the data from
105 CRC patients.

Results: HER2 overexpression was identified in 35.63% of the samples evaluated in this
study, while the total IMMR rate was 12.64%. Expression of HER2 and several, MMR
proteins (MLH1, MSH-2, MSH-6, and PMS-2) were then correlated with tumor location.
HER2 overexpression is significantly associated with increased depth of tumor invasion,
lymph node metastasis, distant metastases, pTNM staging, vascular invasion, nerve infiltra-
tion, and serum carcinoembryonic antigen (CEA) levels. HER2 overexpression and dAMMR
increased with advancing clinical stage. In addition, deficiencies in MLHI and PMS2
correlated with HER2 overexpression. Finally, the prognostic evaluations revealed that
HER?2 overexpression was closely associated with poorer clinical outcomes.

Conclusion: HER2 overexpression is significantly correlated with multiple clinicopatholo-
gical parameters resulting in a poorer prognosis. Moreover, the prognosis of patients with
HER?2 overexpression was worse, confirming its significance during disease assessment. In
clinical practice, clinicians should pay close attention to the HER2 profile of patients as they
may require more extensive clinical intervention. In addition, deficiencies in MLH1, MSH-2,
MSH-6, or PMS-2 correlate with tumor location, and MLH1 and PMS2 expression is
associated with lymph node metastasis and pTNM stage, suggesting that these may be
additional markers in CRC risk assessments.
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Introduction

Cancer is a significant public health issue worldwide and a leading cause of death.
According to 2018 data, colorectal cancer (CRC) was the third most frequently
diagnosed cancer, worldwide and ranked second among cancer-related deaths.' Over
the past two decades, advances in systemic chemotherapies and targeted therapies,
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together with complete surgical resection, have significantly
improved the disease-free survival (DFS) and overall survi-
val (OS) of CRC patients.

Human epidermal growth factor receptor 2 (HER2) is
located on chromosome 17q21 and is generally found in
its inactive state. When stimulated by oncogenic factors,
its activated form initiates various signaling pathways
enhancing invasion and metastasis in tumor cells.”
HER2 has been well studied in both breast and gastric
cancer, and HER2-targeted therapies are effective in
women with breast cancer harboring HER2 overexpression
or amplification abnormalities.*

HER2 overexpression and amplification have also
been used as potential therapeutic targets in CRC.%’
Cuyper found that HER2 gene amplification may lead
receptor (EGFR)-
which may

to anti-epidermal growth factor

targeted therapy resistance serve as
a biomarker for predicting anti-EGFR monoclonal
resistance.® A few studies have reported the incidence
rate of HER2 overexpression or amplification in CRC
and it varies considerably.”'® This means that studies of
HER-2 in colorectal cancer are still underway at various
research centers around the world.

Many malignancies are the result of accumulated
mutations in various critical genes.'' CRC is thought
to develop from one of the two pathways, chromosomal
instability (CIN) or microsatellite instability (MSI).'
Most CRC arising from CIN is sporadic, with a small
number of familial adenomatous polyposis (FAP) devel-
oping via this pathway.'* MSI results from the mutation
or methylation of the mismatch repair genes, with over
90% of Lynch syndrome and 10% to 15% of sporadic
colorectal cancer developing via this pathway.'* Genetic
deficiencies in any one of the genes associated with
mismatch repair, MLH-1, MSH-2, MSH-6, and PMS-2,
can lead to Lynch syndrome and significantly increase
CRC incidence'” and previous reports have shown that
detection of dAMMR can guide both treatment and prog-
nosis in CRC.'®

This study was designed to explore the relationship
between HER2, MLH-1, MSH-2, PMS-2 and MSH-6
expression, and the clinicopathological parameters and
serum tumor markers associated with colorectal adeno-
We also
between HER2 and MMR expression and evaluated
the effect of HER2 overexpression and dMMR on

CRC prognosis.

carcinoma. investigated the relationship

Materials and Methods

Patients and Samples

This study retrospectively analyzed the clinical data from
522 patients hospitalized between January 2015 and
March 2019 at the China-Japan Union Hospital of Jilin
University (Jilin, China). The inclusion criteria included:
(1) postoperative pathological diagnosis of primary color-
ectal adenocarcinoma; (2) no preoperative chemora-
diotherapy; and (3) complete clinical data. The exclusion
criteria were as follows: (1) diagnosis of colorectal carci-
noma in situ, squamous cell carcinoma, or adenosquamous
cell carcinoma; (2) presence of metastatic colorectal can-
cer and recurrent malignant tumors; (3) accompanied by
other sites and/or other types of primary malignant tumors;
(4) serious complications or death within 30 days of sur-
gery. Tumors were staged based on the Tumor-Node-
(TNM)
American Joint Committee on Cancer Staging (eighth
edition)'” and the clinical characteristics of the CRC

patients recruited to this study are summarized in Table 1.

Metastasis classification described by the

Immunohistochemical Detection
Experienced pathologists examined pathological speci-
mens from 522 CRC patients. Samples were embedded
in paraffin, sliced into 3 uM sections and then dewaxed
and washed before incubation in a preheated glass con-
tainer containing a citric acid buffer solution at 120 °C for
150 s, to facilitate antigen retrieval). The samples were
then left for 30 min at room temperature and treated with
catalase blocker for 20 minutes. Sections were then rinsed
with a phosphate buffer solution at pH 7.4 and incubated
with primary antibody at 4 °C overnight. Samples were
then rinsed three times using phosphate buffer saline,
incubated with secondary antibody and incubate at 37 °C
for 20 minutes. [HC was then developed using diamino-
benzidine (DAB) and the slides were counterstained with
hematoxylin dehydrated, sealed in resin and then imaged
under a microscope. MLH1, MSH2, MSH6, and PMS2
antibodies were purchased from Fuzhou Maixin
Biotechnology Development Co., Ltd ...

HER-2 expression in the colorectal cancer tissues was
completed as described by the HER-2 detection Guidelines
for gastric cancer (2011 edition).'® Tissue samples were
then evaluated using the HER2 diagnostic criteria for
gastric cancer, and scored as follows: <10% of tumor
cell membrane was HER2 positive (0); >10% tumor cell

membrane was weakly or faintly stained, or only part of
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Table | Clinical Characters of CRC Patients Recruited in This
Study

Characteristics Case Percentage
Gender

Male 313 60.00%

Female 209 40.00%
Age (year)

<60 238 45.60%

>60 284 54.40%
Location

Right side colon 223 44.60%

Left side colon 155 29.70%

Rectum 144 25.70%
T stage

Tl 30 5.70%

T2 54 10.30%

T3 410 78.7%

T4 28 5.30%
N stage

NO 287 55.00%

N+ 235 45.00%
M stage

MO 484 92.70%

Ml 38 7.30%
Differentiation

Well 9 1.70%

Moderate 360 69.00%

Low 153 29.30%
Vascular invasion

NO 38l 73.00%

YES 141 27.00%
Nerve infiltration

NO 396 75.90%

YES 126 24.10%
pTNM stage

| 67 12.80%

1l 214 41.00%

1 204 39.10%

v 37 7.10%
CEA

Neg 330 63.20%

Pos 192 36.80%
CAI9-9

Neg 428 82.00%

Pos 94 18.00%
CA242

Neg 444 85.10%

Pos 78 14.90%

the membrane was HER2 positive (1+); >10% tumor cells
showed weak to moderate basal lateral membrane, lateral
membrane, or complete membrane staining (2+); >10% of
tumor cells have intense staining of the basal lateral mem-
brane, lateral membrane, or entire membrane for HER2
(34).

Detection of Serum Tumor Markers
Fasting elbow venous blood was submitted to the central
research office of the China-Japan Union Hospital of Jilin
University for quantitative analysis. Blood samples were cen-
trifuged at 2000 x g for 5 min at room temperature and the
supernatant was added to the corresponding tumor kit for
detection (Luminex Ltd.). All of the laboratory tests were
completed using the standard operating procedures and the
relevant manufacturer’s instructions (Tellegen Corporation)
for the tumor kits. The serum cut-off values were as follows:
carcinoembryonic antigen (CEA), 5.00 ng/mL; cancer antigen
(CA) 19-9, 37.00 U/mL; and cancer antigen (CA) 242, 20.00
U/mL, any value higher than the cut-off was considered
positive.

Follow-Up

A total of 105 patients were then successfully followed up.
In this case, follow-up was defined as any interaction follow-
ing primary surgical intervention including disease recur-
rence or death. CRC patients had regular follow-up visits
every 3—6 months for the first two years post-surgery. After
two years, follow-up was limited to a single annual visit and
included CT, colonoscopy, and CEA to allow for the detec-
tion of any local recurrence or metachronous disease.

Statistical Analysis
Correlation between each of the five markers (HER2, MLH-
1, MSH-2, MSH-6, and PMS-2) and clinicopathological
characteristics was analyzed using Pearson’s chi-squared
(y%) test. Binary logistic regression was applied to evaluate
the associations between HER2 and various clinicopatholo-
gical parameters and correlations among the different mar-
kers were assessed using the Spearman correlation. DFS and
OS were evaluated using survival analysis techniques (Cox
regression, Kaplan—Meier survival analysis, and Log rank
tests) with each entry including the date of surgery and
follow-up including 1) the most recent follow-up and 2)
date of recurrence for DFS or death for OS.

All the statistical analyses were performed using SPSS
25.0 software (SPSS, Chicago, IL) and a P-value of <0.05
was considered statistically significant.

Cancer Management and Research 2021:13

hetp: 3445

Dove!


http://www.dovepress.com
http://www.dovepress.com

Luo et al

Dove

Results
Clinical Characteristics, HER2 and MMR

Expression in CRC Patients

Of the 522 CRC, patient tumor samples 144 presented
with CRC of the right-side of the colon, 155 with CRC
of the, left side of the colon, and 223 with CRC of the
rectum. The cohort comprised 313 men and 209
women, aged between 25 and 89 years, with
a median £SD age of 61.4£11.4 years. HER2 over-
expression was detected in 186 cases (35.63%) and
dMMR in 66 cases (12.64%). Of these, 35 cases
(6.70%), 25 cases (4.79%), 20 cases (3.83%), and 52
cases (9.96%) were deficient in MLH1, MSH2, MSHS6,
or PMS2, respectively (Figure 1).

Association Between Each Marker and
the Various Clinicopathological

Parameters

All five markers mentioned above were investigated for
their associations with the various pathological para-
meters of CRC (Table 2). The expression of each of
these five markers correlated with specific tumor loca-
tions. HER2 overexpression was associated with the
depth of tumor invasion, lymph node metastasis, distant
metastases, pTNM staging, vascular invasion, nerve
infiltration, and serum CEA level (P<0.05). However,
there were no statistically significant associations
between HER2 and gender, age, serum CA19-9, and
CA242 levels (P>0.05). Reduced PMS2 and MLHI

expression was shown to have a significant association

with N stage and pTNM staging. In addition, PMS2
inadequacy was associated with gender and serum
CEA levels, while MSH2 was associated with serum
CA242 expression (Table 2). To further understand the
relationships between HER2 expression and various
CRC clinicopathological parameters, we went on to
evaluate each relationship using a binary logistic regres-
of which
increased HER2 expression was significantly associated

sion analysis. The results indicate that
with lymph node metastasis and pTNM staging when
compared to other CRC clinicopathological parameters

(P<0.05) (Table 3).

Correlation of Different Markers

Expression

Among the 52 patients with PMS2 expression deficiency,
33 also exhibited some form of MLH]1 inhibition. Of the
22 patients with MSH6 deficiencyl7 were also shown to
present with reduced MSH2 expression. Spearman corre-
lation analysis showed that PMS2 expression correlated
with a deficiency of MLH1 (X2=297.408, P<0.001), and
MSH6 was associated with a lack of MSH2 (X2=336.213,
P<0.001). Of the 35 patients with a deficiency in MLH1 25
were also shown to experience an overexpression of
HER?2. In addition, out of the 52 patients presenting with
reduced PMS2 expression, a total of 34 also exhibited
increased HER2 expression. Statistical analysis showed
that the lack of MHL1 and PMS2 correlated with HER2

overexpression  (X2=24.378, P<0.001; X2=22.290,

P<0.001, respectively) (Table 4).

Figure | Expression of HER2, MLH|, MSH2, MSH6 and PMS2 markers in CRC tissues (x400). (A) HER2 (+); (B) MLHI (+); (C) MSH2 (+); (D) MSH6 (+); (E) PMS2 (+); (F)

HER2 (-); (G) MLHI (-); (H) MSH2 (-); (I) MSH6 (-); (J) PMS2 ().
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Table 3 Binary Logistic Regression Analysis of HER2 and CRC
Clinicopathological Parameters

B | S.E.| Wald | df P| Exp
(B)
HER2 | Tstaging | 0369 | 0237 | 2427 | | | 0.119 | 1.446

Lymph 0.964 | 0.478 3.455 | | 0.044 | 2411
node

metastasis
Distant 0.604 | 0.543 1.239 1 | 0.226 | 1.830
metastasis
Vascular 0.369 | 0.237 2.427 1 {0119 | l.446
Invasion
Nerve 0.116 | 0.236 0.242 1 {0623 | 1.123
Infiltration
pTNM 0.988 | 0.285 | 11.345 I | 0.001 | 2.685
staging

Relationship Between HER2, dMMR and

Clinical Stage

The CRC patients were stratified by clinical stage. I/I/III/
IV, and then the incidence of HER2 overexpression was
calculated (Figure 2A). The overexpression rate of HER2
increased with the increasing clinical stage (P<0.001).
This was also true for the dIMMR rate (Figure 2B), with
our results showing that the IMMR rates were statistically
different between clinical stages (P<0.05).

Prognostic Value of HER2
Overexpression and dMMR in CRC

A total of 105 patients were followed up in this study, includ-
ing 55 patients from group 1who were HER2 negative and
presented with no MMR deficiency; 38 patients from group 2
who exhibited some HER2 overexpression and no MMR
deficiency, and 12 patients from group 3 who were HER2
negative and MMR deficient. The median follow-up time was
26.0 months (range, 2.0-48.0 months). We evaluated DFS and
OS in patients who received surgical intervention. The DFS of
the three subgroups was 89.1% (49/55), 65.8% (25/38), and
79.0% (9/12), and the OS of the three subgroups was 92.7%
(51/55), 71.1% (27/38), and 83.3% (10/12), respectively. The
analysis results showed that the prognosis of group 2 was
worse than that of the other two subgroups. There were statis-
tically significant differences in DFS (x*=6.530, P=0.010;
¥’=4.215, P=0.041) and OS (x*=6.380, P=0.012; ¥*=4.010,
P=0.044) between each of the different groups (P<0.05)
(Figure 3).

These analyses revealed that the prognosis of group 2
was worse than that of the other two subgroups, and the

Table 4 Correlation Analysis of Expression of Different Markers in CRC

<0.001

x2

22.290

HER2

34

152

18
318

PMS2

<0.001

x2

24.378

HER2

25

161

10

326

MHLI

<0.001

x2

336.213

MSH2

5

497

MSHé6

<0.001

x2

297.408

MLHI

19
468

33

PMS2
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Figure 2 Associations between HER2 and dMMR and clinical stage of CRC. The HER2 overexpression rate (A) and MMR deficient rate (B) increased with increased CRC
clinical stages I/II/lIl/IV. The HER2 overexpression rate and dMMR rate were statistically different in different clinical stages (P<0.05).
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Figure 3 Kaplan-Meier survival estimate graphs of disease-free survival (DFS) (A) and overall survival (OS)(B) in different CRC group. | (group |, 55 patients with HER2
negative expression and MMR no deficient), 2 (group 2, 38 patients with HER2 overexpression and MMR no deficient), 3 (group 3, |2 patients with HER2 negative

expression and MMR deficient).

difference was statistically  significant  (P<0.05)
(Figure 3).
Discussion

Our results show that HER2 overexpression correlates
with the depth of tumor invasion, lymph node metastasis,
distant metastases, pTNM staging, vascular invasion,
nerve infiltration, and serum CEA levels. Additionally,
HER2 overexpression and dMMR rates increased with
the advancing clinical stage. PMS2 and MLH]1 deficiency
was significantly associated with lymph node metastasis
and pTNM staging. Analysis of follow-up results showed
that HER2 overexpression may be closely related to prog-
nosis in CRC patients when compared with dAMMR.

Reports from the last 20 years have described the over-
expression or amplification rate of HER2 in CRC as ran-
ging from between 1.6% and 81.9%.'°' The ratio of
HER2 overexpression in this study was 35.63% and in
contrast to breast and gastric cancers, the diagnostic
value of HER2 positivity in CRC has not yet been entirely
standardized. The significant differences in HER2 over-
expression rates may be related to several factors includ-
ing, sample size, IHC method, artificial differences in
determination methodologies and HER2 evaluation criteria
amongst others. Most researchers believe that THC3+,
IHC2+, or fluorescence in situ hybridization (FISH) are
the good diagnostic criterion for determining HER2

positivity.”>**

http:;
Dove

3450

Cancer Management and Research 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Luo et al

Like HER2, dMMR rates vary between countries and
regions. This study used standard THC to detect MMR
expression, and the total deficiency rate was 12.64%,
which was similar to previous reports.** In 2017, the
Network (NCCN)
updated its guidelines describing the detection of MMR

National Comprehensive Cancer
gene expression and suggesting that this should be per-
formed for all CRC specimens.”> Unlike PCR, THC does
not require sophisticated and expensive equipment and is
inexpensive and relatively easy to complete. Comparative
studies have found that the similarity rate and specificity
of the IHC and PCR detection results were as high as over
90%, suggesting that IHC can be used as the primary
method for revaluating MMR deficiencies.” It has been
suggested that IHC testing compensates for regional geno-
mic differences allowing its greater standardization and
facilitating a more uniform evaluation of MMR. This uni-
formity would make these tests more valuable in clinical
settings.

In the current study, we found that HER2 overexpres-
sion was related to tumor invasion, lymph node metastasis,
distant metastases, vascular invasion, and pTNM staging,
but several other studies have failed to show such
a relationship. Li reported an association between HER2
expression and tumor size and distant metastases, and Sun
meta-analysis showed HER2 amplification was associated
with
stage.”®?’ Several studies suggest that HER2 may play

lymph node metastasis and advanced tumor

some role in tumor progression and would be a valuable
prognostic factor for CRC patients.?*°

It was also found that patients with HER2 overexpres-
sion also had significantly higher favorable rates of serum
CEA levels. As we are known, CEA is found in small
amounts in the intestinal, pancreatic, and hepatic tissues of
average adults. CEA levels are usually high in patients
with colorectal adenocarcinoma, and it is a valuable prog-
nostic marker for patients with CRC.>* CEA is positively
correlated with HER2, which may be because CEA and
HER?2 jointly participate in the occurrence, proliferation,
and metastasis of CRC tumor cells or the high expression
of HER2 stimulates tumor cells to produce more CEA.
Does this suggest that these patients have a higher risk of
recurrence? At present, there are few relevant studies and
mechanism discussions between CEA and HER2, and their
relationship needs to be further clarified, which may pro-
vide new ideas for the monitoring of CRC metastasis and

recurrence.

We found that reduced levels of MLH-1, MSH-2,
MSH-6, and PMS-2 all correlated with specific tumor
locations, with a deficiency in all four strongly indicating
CRC in the right half of the colon which was consistent
with the report by Chapusot.®>' This result may be due to
differences in the pathogenesis of left side colon and rectal
cancers, or because dMMR in tumor tissues is usually
secondary to Lynch syndrome where at least two-thirds
of cases are diagnosed in the proximal colon.** ** Karahan
et al found that deficiencies in MLH-1 and PMS-2 expres-
sion correlated with the development of right colon can-
cers and positively correlated with low, mucinous
differentiation and dense lymphocytic infiltration.'" Our
study also found that reduced MLH1 and PMS2 expres-
sion was associated with several indicators of poor prog-
nosis including local lymph node metastasis and pTNM
stage. Interactions between dMMR and changes in the
biological behavior of tumor tissues need further
investigation.

Based on both the experimental results and Spearman
correlation analysis, reduced MLH1 and PMS2, MSH2,
and MSH6 protein expression are all interlinked suggest-
ing their co-expression. Several studies have suggested
that the working mechanism of MMR protein relies on
the production of functional dimers with MLH1 and
MSH2 as the dominant proteins and MSH6 and PMS2 as
the paired proteins. MLH1 and PMS2 combine to form the
heterodimer MutLa, and MSH2 and MSH6 combine to
form the heterodimer MutSa.*> This study supports the
view that when the dominant protein mutates, the hetero-
dimer becomes unstable, leading to a deficiency in the
paired protein. Here, we found that some patients did
present with a PMS2 deficiency alone. Previous literature
reports that a mutation in PMS2 in germline cells results in
its inability to localize in the nucleus and results in
reduced protein expression, independent of failures in the
other proteins in the pathway.*®

In addition, our results suggest that there is some
correlation between MLH1 and PMS2 deficiency and
HER?2 overexpression with most patients who experience
a reduction in MLH1 and PMS2 expression also experien-
cing significant HER2 overexpression. MMR functions to
correct incorrect base insertions during protein repair
allowing cells to maintain the accuracy of their gene
replication and avoid mutation. When dMMR occurs, it
can mediate gene mutation and promote tumors.’’
Likewise, HER2 can trigger a cascade of multiple critical
signaling pathways, including the Ras/Raf/Mek/Erk, the
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Src tyrosine kinase, and the signal transducers and activa-
tors of transcription (STAT) pathways. These pathways
play an essential role in stimulating tumor cell prolifera-
tion, survival, and angiogenesis.® Our results may suggest
that AMMR and HER2 overexpressions play synergistic
roles during CRC pathogenesis.

The value of HER2 overexpression in both breast and
gastric cancer has been confirmed, and numerous targeted
drugs have been used to improve therapeutic efficacy in
the clinic. However, the role of HER2 in CRC is not well
understood and continues to be the subject of significant
evaluation.®®*® Lu found that HER2 overexpression is
a potential predictive factor for poor outcomes in clinical
colorectal cancer, which is supported by the results of this
study’s longitudinal evaluations.*® Similarly, studies have
shown that if HER2 expression is regulated by RNA
interference in vitro, the proliferation of tumor cells was
significantly inhibited, indicating that HER2 is involved in
regulating tumor proliferation and may affect the prog-
nosis of patients.41 However, a meta-analysis presented
a completely different view, suggesting no statistically
significant correlation between HER-2 overexpression
and prognosis in patients with CRC.'® At present, clinical
evaluations of the existing anti-HER2 antibodies during
CRC treatments suggest that these interventions demon-
strate improved efficacy and tolerability.*®

Reports describing the correlation between MMR and
the prognosis of CRC are also controversial. In this study,
the prognosis of patients in the dMMR group was not
significantly different from that of the regular expression
group. Willis suggested that dMMR is a sign of malignant
transformation in colorectal adenomas and a risk factor for
CRC recurrence. However, Yan reported that dMMR is
a sign of good prognosis for patients with stage II and
stage III CRC, and these features are significantly differ-
ent from those with normal MMR genes.*>** There are
some exciting studies on the treatment of AIMMR and CRC
with some studies suggesting that MMR gene deficiency
may cause tumor cells to be resistant to chemotherapy
drug S5-fluorouracil. Other studies have suggested that
irinotecan can improve the 5-year DFS of dMMR
patients.***> We expect other research groups to conduct
more research in this area to maximize the benefits to
patients.

This study has some limitations. First, the patients were
from a single center; and an insufficient sample size may
lead to false-positive results. Second, it is not clear

whether the preoperative elevation of serum tumor mar-
kers affects the results of this study, suggesting that the
relationship between HER2, dMMR, and CRC and the
mechanism of action underlying these relationships should
be further evaluated.

Conclusion

In summary, HER2 overexpression is closely associated with
multiple clinicopathological parameters in CRC patients.
Moreover, the clinical prognosis of CRC patients overexpres-
sing HER? is significantly worse, making this an important
parameter during CRC assessment. In addition, IMMR cor-
relates with tumor location; MLH1 and PMS2 expressions are
correlated with lymph node metastasis and pTNM stage, but
not correlated with prognosis, which may have some impact
on their evaluation during CRC risk assessment.
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