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Abstract

Background Lung cancer remains one of the most lethal carcinomas worldwide because of its late diagnosis. One
of the DNA modifications is methylation, one of the primary alterations of tumor development, consisting of fascinat-
ing indicators for cancer diagnosis. This study investigated ZMYND-8 and RARB2 gene methylation in NSCLC as a new
epigenetic tool.

Methods First, to find out the potential diagnostic capability of ZMYND-8 and RARB2 genes methylation, we entirely
surfed DNA methylation microarrays from the Cancer Genome Atlas (TCGA) data of NSCLC samples. Additionally,

we took advantage of using g-MSP in several pieces comprising NSCLC tumors and neighboring normal tissues;
ZMYND-8 and RARB2 genes methylation grades were acquired.

Results Our finding displayed significant hypomethylation of ZMYND-8 and hypermethylation of RARB2 in NSCLC
samples compared to neighboring standard specimens, which significantly correlated with the clinical stage of malig-
nancy. In addition, the incredible precision of ZMYND-8 and RARB2 methylations as reliable cancer diagnosis indica-
tors in NSCLC was confirmed, drawing the ROC curve analysis with an AUC value of 0.751 and 0.8676, respectively,

for ZMYND-8 and RARB2. Additional studies of other dominant cancer entities in TCGA displayed that RARB2's higher
methylation degree and ZMYND-8 lower methylation degree are prevalent changes in tumor evolution which could
be possibly considered as a potential diagnostic biomarkers for lung cancer.

Conclusion Based on this study, ZMYND-8 and RAR[2 methylation are reliable biomarkers for lung cancer.
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Background

Global statistics show that lung cancer stands in the sec-
ond position as the leading cause of death after cardio-
vascular diseases for both sexes, with annual 200,000 new
cases and 160,000 deaths [1]. Lung cancer is known at
a later stage as a result of late diagnosis, which leads to
a lower ratio of five years survival rate (15%). There are
two main types of lung tumors, including small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC)
(Respectively 20% and 80%) [2]. One of the most criti-
cal approaches to lung cancer is timely diagnosis to
implement more efficient therapies. Carcinogenesis is a
collaborative interaction of genetic and epigenetic deter-
minants resulting in the disorganization of important
oncogenes, like DNA repair genes and tumor suppressor
genes [3, 4].

Epigenetic alterations, including histone modifications,
DNA methylation in non-coding RNA expression, play
an essential role in the final phenotype of an individual
cell up to the whole body; therefore, they do for the prob-
ability of cancer malignancy [5]. As a vital element in
tumorigenesis, DNA methylation happens at the initial
stages of cancer creation [6].

Promoter’s methylation in various tumor suppres-
sor genes happens in the beginning stages of lung can-
cer formation. Adding a methyl group to the fifth place
of the cytosine placed 5’ to guanosine in a CpG dinu-
cleotide is called DNA methylation. Also, a stretch of
DNA that holds excellent CpG contents is called A CpG
island. Greater degrees of methylation in CpG islands of
promoters bring about a structural change of the chro-
matin, stopping RNA polymerase and other regulatory
proteins from accessing the region, therefore preventing
gene transcription. The expression of the genes contrib-
utes to all stages of normal cell function was decreased
by hypermethylation which led to malignancy initiation
and development [7]. The bromodomain protein encoded
by zinc finger MYND-type containing 8 (ZMYND-8) is
a multifunctional transcription factor that acts in several
different situations, including being an essential chro-
matin-modifying factor in many cancers and cause of
mutation aberrant expression in multiple cancers [8—10].
ZMYND-8 regulates the expression of all transretinoic
acid (ATRA)-responsive genes through specific recogni-
tion of H3K36me2/H4K16ac histon. Also, ZMYND-8 is
essential in modulating chromatin integrity and DNA
repair [11]. ZMYND-8 is a central epigenetic regulator
that contributes to tumor suppression in many different
types of cancer [12]. Modulating histone methylation and
acetylation in the enhancer regions by ZMYND-8 is sig-
nificant, as the dysregulation of this process may cause
over-activation of transcription and contribute to tumo-
rigenesis [9].
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Retinoic acid (RA) induces growth inhibition and
apoptosis mainly by regulating gene expression through
its nuclear receptors, known as retinoic acid receptors
(RARs) and retinoid X receptors (RXRs). Kim et al. [13]
RAR and RXR proteins are encoded by three different
categories of genes, including RARa, RARpP, and RARy
which have distinct functions. Heterodimers are formed
by RARs and RXRs that fasten to particular RA-respon-
sive factors (RAREs) to regulate aimed genes expression
[14].

The retinoic acid receptor beta (RARP) is extensively
expressed in epithelial cells, obtains four other spliced
forms, and the beta-2 form seems to keep anti-tumor
activity. Based on some studies performed on trans-
genic mice, the expression of non-coding RARP2 tran-
scripts leads to tumor development contrary to control
ones [14]. Additionally, several studies reporting the
RARP gene lacks expression in human carcinomas,
such as H146, CALU-6, SK-MES1, H661, NCI-H23, and
NCI-H125, signifying a probable link between aberrant
expression of the RARP and lung cancer evolution [15,
16]. In a recent study, RARP could play either anti-tumor
or tumor progression roles depending on how different
expressed variants are joined [16].

Because of the importance of ZMYND-8 and RARP2
genes in tumor suppression and development, the pre-
sent study aimed at investigating the genes mentioned
above methylation in both tumor tissue and tumor tissue
margin samples of lung carcinoma.

Methods

Investigation of ZMYND-8 and RARB2 methylation in lung
cancer dataset (TCGA-STAD)

For evaluating the methylation degree of ZMYND-8
and RARPB2 genes among accessible high-performance
analyses for NSCLC, we utilized The Cancer Genome
Atlas Stomach Adenocarcinoma (TCGA-STAD) data-
base. TCGA is a project sponsored by people offering a
complete “atlas” of cancer gene profiles from prominent
companions, including over 30 human cancers [17].
Methylation beta is worth for CpG investigators cover-
ing with ZMYND-8 and RARB2 promoters obtained
from TCGA-STAD resources were achieved using Xena
Functional Genomics browser (https://xena.ucsc.edu/).
To compare the methylation status of ZMYND-8 and
RARP2 genes between lung cancer tissues and normal
tissues, the mean beta measurements of all CpG investi-
gators were computed to reach a steady signal, and then
these measurements were studied. What’s more, the
methylation grade of each CpG investigator, comprising
¢g13699808 and cg23662675 probes for the ZMYND-8
gene and ¢g26124016, cg02499249, and cg27486427
probes for the RARP2 gene were studied to determine
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Table 1 Clinicopathological features of patients with lung
cancer

Number of Samples 50

Age mean 56.7 23 sample<55 27 sample>55

SEX 24 26
Stage 2stage 4
23 stage 2
25 stage 3
Lymphnod metastasis 21 neg
29 positive
Lymphnod metastasis Pvalue:0.043 P value:0.067

potentially suitable CpG locations for ZMYND-8 and
RARpB2 DNA methylation.

Validation of ZMYND-8 and RARB2 methylation in NSCLC
samples

Preparation of patient samples

In this work, with a case—control plan, tissue samples
of 50 patients with lung cancer and 50 healthy ones
from Imam Reza Hospital were engaged and gathered
from 2020 to 2021 (Table 1). This study’s members were
Azerbaijani people living in the northwest of Iran. The
subjects with hemoptysis, prior radiotherapy or chemo-
therapy, tuberculosis, or patients who refused to par-
ticipate in this study were excluded. After the inscribed
intelligible consent was taken from all study members,
the lung tissues of contributors were collected by the
bronchoscopy and needle biopsy techniques as the rou-
tine parts of the patient diagnostic approach and, imme-
diately after sampling, transferred to liquid nitrogen. The
ethical confirmation of this study was issued by Tabriz
University of Medical Sciences Research Ethical Com-
mittee (Ethical Code is IR”TBZMED.REC.1400.574).

Genomic DNA and bisulfite modification isolation

All included samples were crushed in liquid nitrogen
mechanically, immediately after grounding, moved into a
lysis buffer subsequently homogenized with a needle and
syringe. Genomic DNA extraction was completed based
on AllPrep DNA/RNA/Protein kit (Qiagen, Hilden, Ger-
many) procedures. DNA purity and concentration were
established by reading the absorption at the A260/A280
fraction through NanoDrop spectrophotometer (Ther-
moFisher Scientific Life Sciences, USA). The DNA Meth-
ylation Kit (Zymo Research cat no:D5001) was used for
Bisulfite treatment [18].

Quantitative methylation-specific PCR
Methylation of the ZMYND-8 and RARP2 pro-
moters CpG islands was examined by quantitative
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methylation-specific PCR (q-MSP) in the Step One
Plus Real-Time PCR machine (Applied Biosystems,
USA) using BioFACT " 2X Real-Time PCR Master Mix
(Korea). The CpG islands sequences associated with
ZMYND-8 and RARB2 promoters were recovered from
the UCSC genome explorer (https://genome.ucsc.edu/).
The primer designing tool for ZMYND-8 and RARp2
methylation-targeting primers was MethPrimer online
(http://www.urogene.org/methprimer/). The amplifica-
tion program was as follows: early denaturation at 95 °C
for 15 min, 45 consecutive periods of denaturation for
10 s, the 30 s splicing at 60 °C, and 20 s incubation at
72 °C; as the ending stage of qPCR, a melting curve
analysis was then performed [19]. Primer patterns used
for the q-MSP test are shown in Table 2.

ROC curve and Kaplan-Meier survival analysis

To inspect ZMYND-8 and RARB2 methylation sites
as a reliable diagnostic biomarker and assess its test-
ing precision for the distinction of NSCLC cases and
healthy ones, the area below the curve (AUC) of the
receiver operating characteristic (ROC) curvature was
assessed according to the DNA methylation grade from
TCGA-STAD resource and standard specimens. In
addition, the Kaplan—Meier survival test on the TCGA-
STAD methylation database was accomplished to verify
whether ZMYND-8 and RARB2 methylation is associ-
ated with the total survival of NSCLC cases.

Statistical analysis

All statistical analyses were drawn using GraphPad 6
Prism (GraphPad Software, San Diego, CA). To extract
variances of ZMYND-8 and RARB2 methylation grades
between tumor tissues and neighboring normal tissues,
Paired Student’s t test was accomplished. The statisti-
cal analysis of the TCGA dataset was drawn through
paired and unpaired t test, Mann—Whitney U test,
and Log-rank (Mantel-Cox) test. P values<0.05 were
assumed statistically significant, and mean + standard
error of the experiments of data was offered.

Table 2 Primer sequencing for the Quantitative Methylation
Specific PCR (gMSP)

Primer sequence Annealing
temp (°C)
ZMYND-8 Forward:gagtcgtgatggtcgttaagg 59
Reverse:gtgtcaccacagtaattcgta
RAR-B2 Forward:atgttgcgtcgaagtctgaaag 60

Reverse:ttagtcatcaggattaggatgaag
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Results

ZMYND-8 and RARB2 methylation in NSCLC samples
reclaimed from TCGA-STAD dataset

For holistic study, methylation grade of ZMYND-8
and RARB2 genes in GC, microarray resources using
the TCGA-STAD dataset were hunted and analyzed.
DNA methylation outlines of 277 lung tumor tissues
and 168 noncancerous lung samples were recovered
from the TCGA-STAD methylation database (The Illu-
mina HumanMethylation27 Bead Chip), consisting of
cg13699808 and cg23662675 probes for ZMYND-8 gene,
€g26124016, cg02499249, and cg27486427 probes for the
RARP2 gene. The outcomes from TCGA-STAD revealed
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the significant hypomethylation of ZMYND-8 in NSCLC
(P-value<0.0001) (Fig. 1) and hypermethylation of
RARP2 in NSCLC (P-value <0.0001) (Fig. 2).

Hypomethylation of ZMYND-8 in NSCLC specimens
Q-MSP assay was carried out on a core set of samples,
including NSCLC and healthy samples, to confirm the
methylation grade of ZMYND-8 achieved from the
TCGA-STAD database. As presented in Fig. 1, q-MSP
findings also displayed that ZMYND-8 was meaningfully
(P=0.001) hypomethylated in malignancyspecimens
compared to neighboring healthy tissues, which was by
results attained from TCGA-STAD resources.
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Fig.1 A ZMYND-8 methylation pattern of TCGA datasets. Comparison of ZMYND-8 overall methylation levels between NSCLC and normal samples
using TCGASTAD methylation cohort. ZMYND-8 shows significantly hypomethylated in NSCLC tumors; ****P <0.0001. B ZMYND-8 methylation
pattern of tissue samples using g-MSP. The obtained results showed that these gene is significantly hypomethylated in NSCLC tumors in

comparison with normal adjacent tissues; ***P < 0.001
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Fig.2 A RAR-B2 methylation pattern of TCGA datasets. Comparison of RAR-B2 overall methylation levels between NSCLC and normal samples

using TCGASTAD methylation cohort. RAR-B2 shows significantly hypermethylated in NSCLC tumors; ****P<0.0001. B RAR-B2 methylation pattern
of tissue samples using g-MSP. The obtained results showed that these gene is significantly hypermethylated in NSCLC tumors in comparison with
normal adjacent tissues; ***P<0.001
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We examined the relationship between ZMYND-8
methylation grades in NSCLC samples and obtained
clinical and pathological data from patients. Our findings
indicated a significant association between ZMYND-8
methylation grades and the clinical grade of cancer
(P=0.0024) and lymph node metastasis (P=0.043).
However, there was no correlation between age, gen-
der, tumor location, and ZMYND-8 methylation. The
acquired data are exhibited in Table 3.

RARB2 hypermethylation of NSCLC specimens

Q-MSP test was accomplished on a core set of samples
comprising NSCLC and neighboring standard samples to
authenticate the methylation grade of RAR-B2 acquired
from TCGA-STAD databases. As shown in Fig. 2, -MSP
discoveries similarly exhibited that RAR-B2 was consid-
erably hypermethylated (P=0.001) in NSCLC tissues
compared to neighboring normal tissues, which was by
outcomes achieved from TCGA-STAD resources.

We also analyzed the relation of RARB2 methylation
degrees in NSCLC samples with patients’ clinical and
pathological data. Our findings indicated a noteworthy
correspondence between RARP2 methylation degrees
and the clinical phase of malignancy (?=0.0021); con-
versely, no correlation with other factors. The data are
offered in Table 3.

Table 3 Clinicopathological features of patients coloration with

genes
ZMYND-8 RAR-B2
Age Pvalue:0.38 Pvalue:0.29
Sex P value:0.32 Pvalue:0.36
Stage P value:0.0024 P value:0.0021
Lymphnod metastasis P value:0.043 P value:0.067
150- Area=0.8676
P Value<0.0001
=
2
=
=
‘@
c
[}
(2]
0 50 100 150
100% - Specificity%
RAR-B2
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Great prognostic importance of ZMYND-8 and RAR-B2
methylation in NSCLC

To evaluate the possibility and precision of ZMYND-8
and RARPB2 methylations as a diagnosis tool, a receiver
operating characteristic curve analysis was carried out.
As indicated in Fig. 3, ZMYND-8 and RARB2 methyla-
tion show a great capability as a diagnostic biomarker
(AUC=0.751, P<0.0001 and AUC =0.8676, P<0.0001,
in that order) to differentiate NSCLC specimen from
normal ones. Though, Kaplan—Meier survival analysis
unexpectedly indicated that ZMYND-8 hypomethyla-
tion is significantly associated with the higher survival
ratio of NSCLC patients (Fig. 4), which introduces pro-
vocative stuff for further practical studies.
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Fig. 4 Kaplan—Meier survival analysis for ZMYND-8. The data
unexpectedly indicated that ZMYND-8 hypomethylation is
significantly associated with the higher survival ratio of NSCLC
patients

150- Area=0.751
P Value<0.0001
100+ -
50
0 E:: L] 1
0 50 100 150
100% - Specificity%
ZMYND-8

Fig. 3 ROC curve analysis; ROC curve analysis was performed on NSCLC samples for ZMYND-8 that showed a promising diagnostic value. ROC
curve analysis was performed on NSCLC samples for RAR-B2 accuracy as a diagnostic biomarker for NSCLC as well
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Discussion

Deactivating tumor suppressor genes or activating the
oncogenes is one of the most dependable approaches
to studying malignancy transformation because of the
epigenetic alterations, such as abnormal cytosine meth-
ylation in the CpG dinucleotides. A line of research
has stated DNA methylation changes in various genes
in lung malignancies, containing the ZMYND-8 and
RARP2 genes, representing a high degree of methyla-
tion [20-22].

With regarding time as a very critical determinant
parameter in the process of diagnosis and treatment of
all types of cancers and particularly for lung carcinomas,
as mentioned above, in the present study, RARB2 and
ZMYND-8 methylation grade was screened and analyzed
to figure out either prognostic or diagnostic tools for
NSCLC.

At first, ZMYND-8 methylation as a possible and prac-
ticable biomarker for NSCLC was studied by using the
TCGA-STAD databases. Based on the microarray meth-
ylation screening data, ZMYND-8 was hypomethylated
in NSCLC tumors in comparison with healthy tissues,
which was validated through the q-MSP technique on
a set of core samples, showing the positive association
between ZMYND-8 hypomethylation and clinical phase
of tumor and lymph node metastasis. Consequently, the
ROC curve analysis showed that ZMYND-8 methylation
could be used as a diagnostic marker for distinguishing
NSCLC cases from healthy ones (AUC=0.751). Even
though, as reported by Kaplan—Meier survival analysis,
ZMYND-8 hypomethylation was linked with longevity
in NSCLC patients, it rests as debatable stuff for further
practice on ZMYND-8 roles in NSCLC progression.

Previous studies indicated that ZMYND-8 mutations
or abnormal expression had been known in many human
tumors, including ovarian, acute erythroid leukemia,
breast, and prostate [10]. There is several evidence for
ZMYND-8 function as a tumor-suppressive and onco-
genic of several types of malignancy.

Abnormal expression and mutations of ZMYND-8 are
related to tumor progression and growth in breast, pros-
tate, colorectal, and cervical cancers. ZMYND-8 have a
pro-oncogenic function in prostate and breast malig-
nancy, and it stimulates angiogenesis in prostate and
breast tumor. In contrast, ZMYND-8 low expression was
reported in breast and prostate tumors. ZMYND-8 has a
tumor suppressor function in prostate and breast malig-
nancy, and it prevents tumor development by stimulating
differentiation, suppression invasiveness, cell-cycle pro-
gression, growth, and metastasis [11]. In another study,
Adhikary et al. found that ZMYND-8 suppressing in
HeLa cells led to the overexpression of 331 genes and low
expression of 438 genes [11].
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In a high-grade serious ovarian tumor, the place of
the ZMYND-8 gene is within a region with recurrent
alterations of somatic copy number [23]. Also, Basu
et al. [24] revealed that in HeLa and MCF7 breast can-
cer cells, ZMYND-8 expression increased by activation
of H3K27me3 to H3K27ac via ATRA. Chen et al. [25]
revealed that the epigenetic reader zinc finger MYND-
type containing 8 (ZMYND-8) is activated by HIF-1
and HIF-2 in breast malignancy cells and also highly
expressed in human breast malignancy and is involved
with poor survival of patients with breast tumor. In
another study, Chen et al. indicated that ZMYND-8 up-
regulation was closely involved with poor survival in 174
colorectal malignancy patients [26]. Kuroyanagi et al. [27]
suggested that ZMYND-8 may promote angiogenesis in
malignancy, especially in hypoxic situations. These find-
ings show that ZMYND-8 may be related with growth
and development of cancer.

On the other hand, some evidence shows that
ZMYND-8 acts as a tumor suppressor. Basu et al. indi-
cated that silencing of ZMYND-8 in MCF7 and HeLa
breast tumor cells increases the proliferation of tumor
cells about twofolds. In contrast, high expression of
ZMYND-8 decreases the growth of tumor cells about
2.5-3-folds. They also indicated that suppression of the
ZMYND-8 expression led to the up-regulation of Ki67
and Proliferating Cell Nuclear Antigen (PCNA) by about
14- and fourfolds, respectively, in HeLa cells; about eight-
and threefolds and in MCF7 breast tumor cells [28]. Also,
they indicated that suppression of the ZMYND-8 gene in
HeLa and MCF7 breast cancer cells led to a 1.6—twofold
increase in the invasiveness and increased ZMYND-8
expression level and reduce 1.3—1.5-fold in the invasive-
ness of the HeLa and MCF7 breast tumor cells [28]. Also,
Shen et al. found that suppression of ZMYND-8 expres-
sion can increase tumor development in a mammary fat
pad xenograft model of ZR-75-30 breast tumor cells [9]

According to a recent study, the ZMYND-8 protein is
involved with metastasis corresponding regulatory sys-
tem, which functions as a transcription suppressor factor
in prostate cancer, and ZMYND-8 knockdown increased
the cellular invasiveness in vitro and in vivo [29]. Simi-
larly, higher expression of ZMYND-8 in an aggressive
breast cancer cell line led to lower tumor progression
in mice and humans [28]. Also, several other studies
reported tumor-suppressing tumorigenesis inhibition
activity of ZMYND-8 in cervical, prostate, breast can-
cers, etc. [9, 30]. Even though, all of these results show
that ZMYND-8 is essential in malignancy control, they
are contradictory, and the essential role of ZMYND-8 in
tumors is still unclear.

RARPB2 methylation is another potential biomarker
for NSCLC that was browsed in the TCGA-STAD data
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source. Based on the three microarray methylation
screening data, RARP2 indicates hypermethylation in
NSCLC tumors, which was validated through the q-MSP
technique on a set of core samples, showing the positive
association between RARPB2 hypermethylation and clini-
cal phase of tumor and lymph node metastasis. Conse-
quently, the ROC curve analysis further approved the
high capability and fine-tuning of RARB2 methylation as
a diagnostic biomarker for distinguishing NSCLC cases
from healthy ones (AUC=10.867).

RARB is a nuclear retinoic acid receptor protein; when
retinoid binds to RAR, it regulates different cellular pro-
cesses, including cell growth, differentiation, and apop-
tosis [31]. Because the RARP gene is silenced in most
NSCLC, therefore, results in a higher risk of lung can-
cers [32]. Lack of functionality in RARp plays an excel-
lent role in tumorigenicity of various cancers together
with NSCLC [33]. High expression of the RARpB could
promote antitumor activities in A549 and H460 cell
lines treated with curcumin [34]. However, the recent
study indicated that this gene in lung cancer could have
either tumor-suppressing or tumor-promoting activities
[35]. RARp acts in a cell-specific manner, which means
that in A549 parental cells, it works as a tumor suppres-
sor gene, whereas in A549, cancer stem cells (CSCs) do a
completely contradictory function as a tumor-promoting
[36].

RARPB2 gene encodes the vitamin A (retinoic acid)
protein as a severe factor during various cell processes,
including embryogenesis, homeostasis, cell growth, and
differentiation. It has been revealed that the RARB2 gene
is methylated in around 60% of NSCLC cells, which is
about 9% in healthy lung samples [37, 38]. Ponomary-
ova et al. [39] by engaging a more significant number of
patients, show an increased degree of RARB2 methyla-
tion in lung cancer patient blood samples. Also, there is
correlation between RARP2 methylation degree and
clinical stage of disease compared with healthy control
samples. However, based on previous reports, an indi-
vidual gene methylation screen in cirDNA from a blood
sample could not accurately diagnose lung cancer [38,
40]. Combining these variants through a machine learn-
ing model could lead to discrimination of NSCLC cases
from healthy persons.

Fujiwara et al. [41] who evaluate the methylation
grade by routine methyl-specific PCR stated a relation-
ship between RARP2 gene methylation grades in blood
sample cirDNA and lung cancer clinical stage. Also,
Ponomaryova et al. [42] found that RARPB2 and Ras asso-
ciation domain family member 1 (RASSF1) methylation
grades increased considerably in circulatory cirDNA of
stage I-II patients in comparison to healthy cases and did
not heighten in stage III patients (P> 0.05).
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Toyooka et al. [43, 44] indicated that methylation rate
of the RARP2 gene promoter in NSCLC and SCLC was
about 35% and 55%, respectively. Abnormal RARB2
methylation was discovered in up to 14% of non-tumoral
lung tissues of lung cancer patients and phlegm of the
control group [44, 45].

Also, Chan et al. [46] found that there was a similarly
high degree of RARB2 methylation in malignant tissue
and bronchoalveolar lavage fluid of Chinese patients and
control group; this study attributed this finding to racial
variances in abnormal methylation. However, Toyooka
et al. studied comparative methylation degrees of sev-
eral genes from four territories (USA, Australia, Japan,
and Taiwan) and stated no geographical determinants
regarding RARB2 hypermethylation. Therefore, it seems
rational to accept procedural differences to account for
the observed disparity in RARP2 methylation status.
Earlier studies on RARP2 methylation in pulmonary
specimens applied common MSP. A more robust tech-
nology and procedure like QMSP might distinguish ini-
tial epigenetic alterations of cells with an everyday look.
Another explanation for varying RARP2 methylation
frequencies relates to the CpG sites examined [44]. How-
ever, Topaloglu et al. [47] applied a QMSP test similar to
this research; they did not distinguish atypical RARB2
methylation in bronchoalveolar lavages of patients with
NSCLC. In other efforts of the same group, atypical pro-
moter methylation of RARP has been found in bron-
choalveolar lavages taken from patients with lung cancer.
They stated a sensitivity of 69% and specificity of 87% for
the recognition of lung cancer by applying this combina-
tion of genes [48].

In another study, Belinsky et al. [49] figured out that
higher grades methylation in the promoter region of
the variety of genes in the blood and phlegm samples is
linked to lung cancer and even before clinical diagnosis of
lung carcinoma. In final, ZMYND-8 and RARB2 RAR-B2
methylation shows a great capability to early stage detec-
tion and diagnostic biomarker to differentiate NSCLC
specimen from normal ones.

Conclusion

To sum up, experimentally and bioinformatically, the
results from the present study showed that aberrant
methylation of ZMYND-8 and RARB2 genes may be an
early event through the NSCLC progression and pos-
sesses excellent value as the diagnostic biomarker. How-
ever, there is a need to further validate these findings
in a larger size of samples and clarify the mechanisms
underlying ZMYND-8 and RARPB2 dysregulation through
tumorigenesis.
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