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Abstract

This study aimed to detect the levels of apurinic/apyrimidinic endonuclease 1 (APE1) gene expression and C-
type lectin domain family 4 member M (CLEC4M) and their association with cisplatin chemotherapy in lung
cancer patients. Overall, 105 individuals who attended the Al-Amal National Hospital for Cancer Management,
Baghdad, Iraq, were enrolled in the study and divided into three equal groups. The groups included the patients
newly diagnosed with lung cancer, cancer patients who received cisplatin, and the healthy control group. All
study groups were subjected to the sampling of the venous blood for molecular analysis by real-time polymerase
chain reaction (RT-PCR) to detect the APE1 gene and enzyme-linked immunosorbent assay (ELISA) for
serological testing to measure the concentration of CLEC4M protein. Significantly, the values of both cancer
groups were higher than those reported in the control group. The relative index revealed a significant difference
in the mean fold change level of APEL in the newly diagnosed group (3 fold) and cisplatin therapy patients
group (2 fold), compared to the control group (P=0.005). No significant differences were detected between the
two cancer groups in terms of fold change mean of expression, demographic characteristics, and cancer
histological type. Regarding human CLEC4M protein level, cases receiving cisplatin (139.2+25.9) and newly
diagnosed patients (331.0+38.1) had a highly significant difference with the control group (100.3+47.5,
P<0.001). There was no significant difference between the concentration level of CLEC4M and all parameters
in demographic characteristics and cancer histological type. This was the first study to demonstrate that higher
expression levels of new APE1, CLEC4M, and glutathione, especially after chemotherapy, are beneficial as
diagnostic and prognostic markers for resistance to platinum chemotherapy in Iragi lung cancer patients.
Keywords: Apurinic/Apyrimidinic Endonuclease 1, Cisplatin, C-Type Lectin Domain Family 4 Member M,
Platinum chemotherapy

1. Introduction

Cancer is considered one of the most increasing
diseases and the second cause of death worldwide,
particularly in low- and middle-income countries, as a
result of behavioral and dietary risks, such as high body
mass index, low fruit and vegetable intake, lack of
physical activity, tobacco use, and alcohol use (1).
Globally, many diagnostic assays have been used to

detect the location and type of cancer; however,
molecular techniques have revealed high advantages in
the identification of specific genes, proteins, and other
factors unique to a type of tumor (2).

Different therapeutic approaches have been applied
for the treatment and control of the disease, such as
radiotherapy, immunotherapy, and chemotherapy (3).
Cisplatin is the first platinum-based chemotherapy,
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which was approved by the Food and Drug
Administration in 1978 to treat cancer patients by
attacking all rapidly dividing cells, which led to severe
side effects and induced the ability of cancers to
develop drug resistance (4, 5). Cisplatin-induced DNA
lesions can strongly induce cell death when these
lesions are not adequately repaired or processed.
Cisplatin-based chemotherapy is commonly used to
treat patients with advanced non-small cell lung cancer
(NSCLC); therefore, resistance leads to the failure of
this type of chemotherapy (6). Response to
chemotherapy medications is closely related to the
regulation of the DNA repair system (7).
Apurinic/apyrimidinic endonuclease 1 (APEL) is an
important multi-functional protein that acts as a base
excision-repair enzyme and a redox co-activator of a
number of important transcription factors (8, 9). Many
studies have shown a significant increase in APE1
repair gene expression in various types of cancer,
suggesting that this gene is associated with survival
outcome, lymph node status, proliferation index, and
resistance to chemotherapy or radiotherapy (10, 11). In
addition, the C-type lectin domain family 4 member M
(CLEC4M) protein is one of the potential molecular
markers used to identify the early stage of cancer in
serum and tissues since the high expression of
CLECA4M is associated with a poorer prognosis (12).
Results of one study revealed that patients with higher
CLEC4M expression were attributable to enhanced
cisplatin resistance (13). Another study reported that
immune-related genes, including CLEC4M in lung
squamous cell carcinoma, were influential in the
recognition of disease progression and prognosis (14).
In Iraq, the online-available data for the investigation
of the role of APEL gene expression in lung cancer and
protein expression in cervical cancer were scarce;
however, there were no resources about the role of
CLEC4M. Hence, this study aimed to evaluate the
relationship between APEL gene expression and levels
of CLEC4M in lung cancer patients who received
platinum-based chemotherapy. It also aimed to find the
correlation of APE1 and CLEC4M with demographic

parameters, including age, gender, smoking habits, and
the histological type and stage of the disease.

2. Materials and Methods

2.1. Study Samples

In total, 105 individuals who had referred to the Al-
Amal National Hospital for cancer management were
selected for the present study and subjected to venous
blood sampling. According to their health status, the
study population was divided into three groups as
follows:

1. The first group included 35 patients newly
diagnosed with lung cancer between 20 and 45 years
old.

2. The second group included 35 patients with lung
cancer who received chemotherapy (cisplatin or one of
its derivatives) between 26 and 75 years old.

3. The third group, which included 35 healthy
individuals, was considered a control group. The ages
of the study population in this group ranged from 26 to
75 years old.

Each sample contained 100 ul of whole blood in an
Eppendorf tube containing 300 ul shield buffer reagent
to estimate the APEL repair gene molecularly. For
comparison, 3 ml of whole blood was transferred into
the free-anticoagulant glass gel tube and centrifuged at
3,000 rpm for 5 min. Afterward, the obtained sera were
kept in labeled Eppendorf tubes that were frozen until
used for serological estimation of the CLEC4M marker.
2.2. Molecular Assay

Real-time polymerase chain reaction (RT-PCR) was
applied to estimate the gene expression of the APE1
repair gene. According to the instructions of the
manufacturer, RNAs were extracted using the RNA
extraction kit (Zymo, USA). Moreover, the cDNAs
were synthesized using the PrimeScript™ RT reagent
kit (Takara, Korea) with specific conditions involving
reverse transcription at 37 °C for 15 min, at 85 °C for 5
s, and at 4 °C to inactivate the reverse transcriptase with
heat treatment. The sequences of the primer that
targeted the APEl gene were F: 5'-
GAGTAAGACGGC CGCAAAGAAAAA-3" and R:
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5'- CCGAAGGAGCTGACCAGTATTGAT-3".
Moreover, the sequences of GAPDH as a reference
gene were F: 5'- CACTAGGCGCTCACTGTTCTC-3'
and R: 5- AATCCGTTG ACTCCGACCTT-3" with
product sizes of 128 bp and 89 bp, respectively.

The Mastermix tubes were prepared using the KAPA
SYBR® FAST gPCR Master Mix (2x) kit (Takara,
Korea) at a final volume of 20 ul, which were subjected
to thermocycler using the SaCycler RT-PCR System
(Sacace, Italy) with program conditions specific to the
cDNA samples and reference gene, including
denaturation at 95 °C, annealing at 56-60 °C, extension
at 72 °C for 20 sec and 40 cycles. The gene expression
for APEL repair and GAPDH genes were calculated
using the comparative quantitative method 2- (449,

2.3. Serological Assay

The sandwich enzyme-linked immunosorbent assay
(ELISA) kit (MyBioSource, USA) was used to measure
the concentration level of the CLEC4M marker in the
sera of patients. Following the instructions of the
manufacturer, the standards, samples, and reagents
were prepared and subjected to the procedure of the kit.
Afterward, 100 pl of Biotin conjugated detection
antibody were added to the wells; subsequently, after
washing with wash buffer, 100 pl of horseradish
peroxidase (HRP)-streptavidin was added, and
unbound conjugates were washed away. Afterward, 90
I of tetramethylbenzidine (TMB) substrates were used
to visualize HRP enzymatic reaction. The HRP
catalyzed TMB to produce a blu-color product that
changed into yellow after the addition of 50 pl of acidic
stop solution. Optical density was read at 450 nm using
the Automatic ELISA Reader (Paramedical Srl, Italy).
2.4, Statistical Analysis

All obtained data were analyzed statistically by the
SPSS software (version 24.0, SPSS Inc., USA) using
analysis of variance, t-test, and chi-squared test (x).
The analyzed data were presented as meanSD.
Furthermore, the least significant difference was used
for comparison among the three groups, and P values

of less than 0.05 were considered statistically
significant.

3. Results

3.1. Apurinic/Apyrimidinic Endonuclease 1 Gene
Expression and Mean Fold Change

The expression of the APE1 gene was detected in all
cancer cases that received cisplatin, cases that did not
receive chemotherapy, and the healthy controls. The
mean values of APE1 gene expression in cancer cases
who received chemotherapy and the newly diagnosed
cancer cases were 2.72+1.7 and 3.55+0.04,
respectively. Significantly, the values of both cancer
groups were higher than that reported in the control
group population (1.5+1.7, P<0.005). These findings
indicated that the relative expression of APE1 in cancer
cases who received cisplatin was two folds more than
the normal population of the control group, while in
newly diagnosed cases it was three folds higher than
that in the control group (Table 1).

Table 1. APE1 Relative index and fold change among the

study groups
APE_l relative Control _Newly Rgceive:d
index diagnosed Cisplatin
Range 0.13-69 1.23-857 0.08-7.4
Meanz SD 150+1.7 3.55+0.04 272+1.7
LSD 1.16
P value <0.005

Significant differences * (P<0.05)

3.2. Apurinic/Apyrimidinic Endonuclease 1 Gene
Expression  Associated  with Demographic
Characteristics and Histological Types of the Newly
Diagnosed Group

Association between APE1 fold changes with the
demographic characteristics in a group of newly
diagnosed cancer patients showed a significant
variation in its values (Table 2). However, increases
were observed in patients aged < 50 (3.7+2.4), males
(3.6+£1.9), smokers (3.5+2.0), patients with
adenocarcinoma (3.8+2.1) and LCC (4.91£2.5)
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regarding histological types, and patients at stage 4a
(5.3+2.5). No significant differences (P>0.05) were
detected between the APE1l fold changes of the
demographic characteristics, except for those of
NSCLC types, which were significantly higher,
compared to SCLC cancer histological types (P<0.05).
3.3. Apurinic/Apyrimidinic Endonuclease 1 Gene
Expression  Associated  with Demographic
Characteristics and Histological Types of the
Cisplatin Chemotherapy Group

The findings of APE1 fold change related to the
demographic characteristics of cancer patients who

Al-Mohammed Amin et al / Archives of Razi Institute, Vol. 78, No. 3 (2023) 963-972

received cisplatin revealed increases in patients aged <
50 (2.3+1.51), males (2.2+£1.8), smokers (2.4+1.8),
patients with squamous cell carcinoma of the skin
(2.3+£1.76), and limited type of SCLC (6.3+1.3)
regarding histological types, compared to patients with
extensive cancers at stage 2b (2.5+3.36) and drug
cycles 4-6 (2.2+1.9). No significant differences were
detected between fold change mean of expression
values of the demographic characteristics; except for
the values of SCLC types that were significantly higher
than those of NSCLC cancer histological types
(P<0.05) in lung cancer patients (Table 3).

Table 2. Fold change mean of APE1 mRNA expression level in different demographic criteria and cancer histological types in lung
cancer newly diagnosed group

Parameter Total No. APEL1 fold change P-value
<50 9 3.7+24
Age >50 26 34418 0.739
Male 33 36+19
Gender Female 2 154023 0.135
. Smoker 31 35220
Smoking Non-smoker 4 34+16 0.89
Histology Adenocarcinoma 19 3.8+21
Squamous 7 25207
*
NSCLC LCC 4 49+25 0.151
scLC L|m|te_:d 5 28+ 21
Extensive 0 -
1 13 25+1.1
2a 11 40+21
Stage 3b 6 41+ 25 0.113
4a 3 5.3+ 25
5a 2 2.6x 0.25

Sianificant differences * (P<0.05)

Table 3. Fold change mean of APE1 mRNA expression level in different demographic criteria and cancer histological in lung cancer
received Cisplatin chemotherapy group

Parameter Total No.  APEL Fold change P-value

<50 8 23+151

Age >50 27 21+1.38 0.855
Male 32 22+1.8

Gender Female 3 1.4+0.16 0.433
. Smoker 31 24+18

Smoking Non-smoker 4 2117 0.816
Histology Adenocarcinoma 16 21+142

Squamous 6 23+1.76 0.561
NSCLC LcC 3 114052
Limited 6 6.3+1.3"

*

SCLC Extensive 4 3.1+£19 0.04
2a 11 23+19

Stage 2b 4 2.5+3.36 0.755
3a 6 1.7+1.2
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3.4. Distribution of APE1l Expression Levels in
Study Groups

Regarding the mean fold change of normal cases
which was 1.5 (cut-off), the high and low expressions
of the cases were considered. In a group of cancer
patients who received chemotherapy, high expression
of APE1 was detected in 20 patients (57.14%) versus
low expression in 15 patients (42.86%). The same
results were observed in a group of newly diagnosed
cancer patients with significant differences (Table 4).

Table 4. Frequency distribution of APE1 mRNA
expression in cancer patients

Cancer with Cis  Newly diagnosed

Gene expression

NO (%) NO (%)

High expression 20(57.14) 32(91.43)
Low expression 15(42.86) 3(8.57)

P-value 0.0229 * 0.0001 **

S: Significant difference * (P<0.05)
HS: Highly Significant difference ** (P<0.01)

3.5. Evaluation of the Level of Human C-Type
Lectin Domain Family 4 Member M in All Study
Groups Using the ELISA Method

Regarding figure 1, the mean concentration of
CLEC4M (ng/ml) was high in lung cancer patients who
received cisplatin (139.52+25.9 ng/ml) and the newly
diagnosed group (110.0+£38.1 ng/ml), in comparison to
the control group (100.32+47.5 ng/ml) with a
significant difference P<0.001).
3.6. C-Type Lectin Domain Family 4 Member M

Concentration Level Regarding the Demographic
Characteristics and Histological Types in the Newly
Diagnosed Group

Mean level of CLEC4M concentration was high in
patients older than 50 years old (334.9£34.3 ng/ml),
females (348.7+1.9 ng/ml), patients with squamous cell
carcinoma of the skin and large-cell carcinoma (LCC)
cancer types (344.6+33.6 and 352.3£38.8 ng/ml,
respectively), and patients at stage 1 and 2a
(326.3+£30.63 and 344.4 +43.97 ng/ml, respectively).
There was no significant difference between the
concentration level of CLEC4M and all parameters in
demographic characteristics and histological cancer
type, as seen in table 5.
3.7. C-Type Lectin Domain Family 4 Member M
Concentration Level Regarding the Demographic
Characteristics and Histological Types in the
Cisplatin Chemotherapy Group

Mean level of CLEC4M concentration was higher in
patients older than 50 years old (140.2+25.4 ng/ml),
males  (141.2+25.13  ng/ml),  patients  with
adenocarcinoma (138.9+22.29 ng/ml), patients with
SCLC extensive cancer type (151.8+28.06 ng/ml)
regarding the histological types, patients at stage 2b
(149.0£28.7 ng/ml), and patients around 3-6 trails
showed a high concentration of CLEC4M. No
significant difference was observed between the level
of CLEC4M regarding demographic characteristics and
histological cancer types (Table 6).

150,00

100.00]

Mean GLECM4

50.00

00—

Healthy control Newly dignosed lung cancer  Llung cancer (CIS platin)
group
Error bars: 95% ClI

Figure 1. Mean level of CLEC4M (ng/ml) in all study groups
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Table 5. CLEC4M concentration associated with demographic parameters and histological type in newly diagnosed lung cancer group

CLEC4M(ng/ml
Parameter N=35 Mean i( SgD ) P- value
<50 9 319.7+48.2
Age >50 26 334.9+ 34.3 0.31
male 33 329.9+39.1
Gender female 2 348.7+1.9 0.507
. smoker 31 333.1+£355
Smoking non-smoker 4 3225+ 614 0.691
Adenocarcinoma 19 323.7 £38.2a
Histological type Squamous 7 344.6 £33.6
NSCLC LCC 4 352.3+38.8 0.197
SCLC limited 5 320.4
extensive 0 0
1 13 326.3 +30.63
2a 11 344.4 +43.97
Stage 3b 6 319.4+23.4 0.692
4a 3 3225+76.3
5a 2 311.0+33.9

Table 6. CLEC4M concentration associated with demographic parameters and histological type in newly diagnosed lung cancer group

CLEC4M (ng/ml)

Parameter Total No. : P-value
concentration
<50 8 140.2 + 25.4
Age >50 27 138.9 + 26.63 0.885
Male 32 141.2 +25.13
Gender Female 3 118.8 +30.03 0.157
. Smoker 31 140.2 + 27.05
Smoking Non-smoker 4 1323+ 149 0.573
Adenocarcinoma 16 138.9 +22.29
Histology Squamous 6 137.9+35.6 0.712
NSCLC LCC 3 125.7 + 15.58
SCLC Limited 6 139.6 + 31.5 0.547
Extensive 4 151.8 + 28.06 ’
2a 11 142.6 + 30.7
2b 4 149.0 +28.7
Stage 3a 6 1385+£21.6 0.392
3b 12 137.7 £23.41
4h 2 112.4 +25.92
1-3 14 137.7 +27.39
Drug cycles 4-6 21 140.26 + 255 0.782
4. Discussion
In the present study, the RT-PCR method was applied survival of patients treated with platinum-based

to evaluate the APEL repair gene involved in response
to platinum-based chemotherapy in Iragi lung cancer
patients and patients newly diagnosed who were not
receiving chemotherapy. The expression of this gene
has been investigated in many types of cancers, in
which the expression is inversely associated with the

regimens (15-17). Moreover, results of some studies
have revealed that high APE1 mRNA levels are
associated  with  platinum-based  chemotherapy
resistance, while its low levels are correlated with an
excellent response to chemotherapy (18, 19).

In the present study, the high mean fold change
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expressions of APE1 in the newly diagnosed cancer
patients and the cancer patients who received
chemotherapy were compared to those of the control
population using RT-PCR. The collected data revealed
that the mean fold change of the APELl gene was
significantly high in the newly diagnosed cases,
compared to the control group, and not related to all
demographic characteristics and histopathological
types, although stages 3b and 4a had significant mean
fold changes.

Results of the present study showed that higher gene
expression of the APE1 gene was recorded in the newly
diagnosed patients. It is well-accepted that APE1 sub-
cellular localization changes are associated with several
cellular functions and cancer onset and progression (20,
21). Altered expression of APE1L is often observed in
several human tumors (22). Wang et al. (17) found that
the APEL gene expression increased gene expression
levels in NSCLC, compared to the SCLC type,
specifically in the adenocarcinoma subtype. Gene
expression levels correlate positively with stage
progress, and these results were expected and obtained
previously by another study (16). The polymorphism
study of APEL, specially Asp148Glu, suggested that
variant genotypes of this gene had a nonsignificant
association with an elevated risk of lung cancer
carcinogenesis (23).

The results indicated that APE1 gene expression was
significantly higher in cancer patients who received
cisplatin, compared to the control group. Moreover,
there were no significant differences in terms of the
demographic characteristics and histopathological
types, except for SCLC types, whose APE1l gene
expression was significantly higher than that of
NSCLC. Expression of APEL and tumor development
was associated with over-expression in many tumors
and correlated with the start of chemotherapy resistance
(24). Remarkably, down-regulation sensitizes cancer
cells to DNA-damaging chemotherapeutic medications
and ionizing radiation (25). Many studies have found
that APE1 may represent a biomarker for the prediction

of prognosis and therapeutic efficacy (17, 26, 27). The
leading cause for resistance by the effect of this repair
gene in reactive oxygen species is produced by
platinum agents (28) and platinum resistance is induced
by the reduction of DNA lesions and promotion of
redox. Moreover, the promotion of platinum resistance
might be induced by Parkin-mediated mitochondrial-
specific autophagy in in vitro studies (15).

Regarding APE1 fold change levels in cancer patients
who received cisplatin, the data were categorized into
high and low based on the cutoff value (1.5) of the
control group, in which high and low expressions were
observed in 57.14% and 42.86% of patients,
respectively (P<0.023). This result agreed with the
findings of a study performed by Zhang et al. (27), who
found that the serum APEL level was significantly
elevated in 55.6% of NSCLC patients. The elevated
APEL1 level in both tissue and serum of patients prior to
chemotherapy was associated with worse progression-
free survival rates, but not with overall survival rates.
After six cycles of chemotherapy, a low APE1 serum
level was associated with a better overall survival rate,
which means that the APE1 gene is an effective
predictive biomarker for chemotherapy (29). Findings
of many studies have indicated that APEL1 is related to
chemotherapeutic outcomes in advanced NSCLC (15,
30, 31).

Results of the present study showed a lower level of
expression in the advanced stage four which might be
because they were only two cases. Furthermore,
nucleotide excision repair (NER) is a major DNA
repair mechanism that removes mainly DNA lesions
that can distort the DNA helix or form bulky injuries to
the genome (32). Therefore, decreased DNA repair
within the tumor could cause the decreased removal of
platinum-DNA adducts, a significant cause of cell
death by this drug, leading to increased clinical
response to platinum chemotherapy (30, 33).

In this study, the mean concentration of CLEC4M
was highly significant in lung cancer patients who
received platinum, compared to the newly diagnosed
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lung cancer patients and the control group. However,
no significant difference was observed between the two
cancer groups in terms of all demographic and
histopathological types. Recently, the clinical
significance of CLEC4M in cancers has been
investigated, and the findings have shown that the high
level of CLEC4M in serum might be a potential
molecular marker for the diagnosis of early-stage colon
cancer (12, 34).

Nonetheless, the biological effects of CLEC4M in
lung cancer remain unclear (15, 35). The CLEC4M was
correlated significantly with overall survival (OS), and
it was developed with an effective prognosis and
predictive marker between seven genes in lung
squamous cell carcinoma (36). In their study, Tan, Li
(12) found that CLEC4M, SLC10A2, and FGF4 genes
are involved in lung cancer progression and the
regulation of treatment resistance. The CLEC4M is
associated with a worse prognosis, and inhibition of
CLEC4M showed potential clinical relevance in
counterbalancing cisplatin resistance in NSCLC
patients.

Recently, Luo, Chen (23) detected that CLEC4M was
implicated in the progression of hepatocellular
carcinoma, similar to its association with colon and
gastric cancer. Notably, patients with high CLEC4M
expression levels in their tumor tissues experienced
more frequent recurrences and shorter OS time,
compared to the low-expression group. This means that
this valuable marker correlates with progression and
tumourigenesis (23). Results of in vitro testing showed
that cisplatin treatment combined with CLEC4M
knockdown significantly decreased lung cancer cell
viability in both A549 and H1299 cell lines. The
CLEC4M knockdown significantly enhanced cisplatin-
induced cell apoptosis in these cells. These findings
may explain that cisplatin treatment significantly
increased cleaved caspase-3 expression and CLEC4M
knockdown (12).

In addition, other studies have found that the higher
expression of CLEC4M had shorter OS and FP in
comparison to those with lower CLEC4AM expression

(14). It means a high level of CLEC4M is associated
with poor clinical prognosis in lung cancer patients and
enhances the resistance of NSCLC cells to cisplatin.
The underlying mechanism included resistance by
CLEC4M and DNA repair capacity by upregulating
APE1 and ERCCL repairing gene expression (12).

It is concluded that the APE1 gene expression and
CLEC4M could be used successfully in expecting the
prognosis of lung cancer patients with and without
chemotherapy. High expression of CLEC4M is
associated with the enhancement of the resistance of
NSCLC cells against cisplatin. However, studies about
CLEC4M markers are very few worldwide, and there
were no previous reports in Iraq; therefore, further
studies are necessary.
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