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Abstract
Epidemiological studies undertaken over the past decades reveal a gradual but progressive increase in the incidence and
mortality attributable to lung cancer in the Islamic Republic of Iran, a sovereign state geographically situated at the
crossroads of Central Eurasia and Western Asia. We identified references published in English and Persian through searches
of PubMed, EMBASE, Web of Science, Scopus, and the Scientific Information Database (SID)—a specialized Iranian
database, which indexes Iranian scientific journals—between inception and 15 September 2017. Of 1475 references
identified through electronic searches, we reviewed the full text of 88 studies, and included 38 studies in the review.
Potentially druggable NSCLC targets, which have been studied in Iran include EGFR, ALK, ERBB2, and KIT; but no
studies were found, which examined the impact of MET, ROS1, BRAF, PIK3CA, and FGFR1 aberrations. We were able to
identify some literature on DNA repair genes and xenobiotic metabolism, including TP53, TP63, ERCC2, XRCC2, SIRT1,
PTEN, CYP1A1, CYP1B1, GSTT1, and GSTM1. We also found an increasing amount of research performed in relation to
the tumor microenvironment and immune contexture, including CTLA4, MAGE, FOXP3, IFN-γ, and various interleukins,
chemokines, and transcription factors; but did not identify any publication concerning the expression of PD-1/PD-L1 in lung
cancer. Our survey of research performed in Iran has revealed a dearth of studies in topics, which are otherwise highly pursued
in developed countries, but nevertheless, has begun to hint at a distinct biology of lung cancer in this part of the world.

Introduction

In Iran, primary lung cancer is the second leading cause of
cancer-related mortality after stomach malignancies [1, 2],
imposing a financial burden of US$ 96 779 957 on the
Iranian economy in 2010 [3, 4]. The age-adjusted annual

incidence rate for males and females was 8.04 and 3.55 per
100 000 persons, respectively, in 2008 [5], however it
should be noted that these estimates are likely confounded
by systemic under-reporting. The actual number of incident
cases and deaths attributable to lung cancer are estimated to
be 20–40% higher after adjusting for unreported or mis-
diagnosed cases [6–9].

Like many Western nations, cigarette smoking is the
most common cause of lung carcinogenesis in Iran, con-
ferring an overall odds ratio (OR) of 5.4 (95% confidence
interval (CI), 3.2–9.9) [10], and accounting for 55% of lung
cancer deaths in men and 20% in women [11]. However,
this is contrasted with Western data wherein a higher pro-
portion (80% and 50% in males and females, respectively)
of lung cancer deaths are attributable to smoking [12].
Indeed, with nearly two-thirds of the labor force employed
in the agriculture and industrial sector (hydrocarbon,
mining, manufacturing, and construction), approximately
12% and 1.5% of incident cases are attributed to workplace
carcinogens [13]. Independent risk factors for lung cancer
among Iranians include occupational exposures to heavy
metals (OR= 3.0; 95% CI, 1.3–7.0), chemical compounds
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(OR= 3.4; 95% CI, 2.1–5.6), and inorganic dusts (OR=
4.2; 95% CI, 2.8–6.7) [10].

Given the diverse etiologies in which lung cancer arises
in this part of the world and population variation in the
frequencies of genetic susceptibility alleles [14], it is
imperative to synthesize and appraise the results of mole-
cular studies, which have been done in Iran, and consider
their implications for drug development and cancer pre-
vention efforts in the region. Analysis of cancer genomes
and their normal counterparts often reflect the unique bio-
logical mechanisms operative in carcinogenesis. For
instance, Bakhtiarizadeh et al. demonstrated that the number
of trinucleotides, particularly GGC and CGC, in expressed
sequence tags (ESTs) of lung cancer was approximately
three times higher than that of normal tissue, resulting in
differences in protein expression patterns (with EST-SSR-
derived amino acids, Arg, Pro, Ser, Gly, and Lys being
more common in cancerous tissue) [15]. Thus, these
molecular patterns hint at potentially unique mechanisms of
lung carcinogenesis specific to the Iranian population.

In this review, we will focus on non-small-cell lung
cancer (NSCLC), as that is the most common subtype of all
primary lung malignancies, although some of the references
cited herein also include lung cancer of the small-cell sub-
type. Furthermore, epidemiological trends in Iran indicate
that squamous cell carcinoma is the predominant subtype of
NSCLC among men while adenocarcinomas represent the
major histological subtype in women [10]. This review is
intended to provide a comprehensive overview of pioneer-
ing lung cancer research, which has been done in Iran, with
an emphasis on studies elucidating the germline and
somatic variation in genes that (1) constitute potentially
actionable drivers, (2) influence tumor immunosurveillance,

or are (3) involved in resistance mechanisms to cancer
treatment.

Systematic review

Search strategy

We identified references for this review through searches of
PubMed, EMBASE, Web of Science, Scopus, and the
Scientific Information Database (SID) between inception
and 15 September 2017, with the search terms {“lung
cancer” OR “NSCLC” OR “non-small cell lung cancer”}
AND {“Iran” OR “Iranian”}. Notably, the SID is a spe-
cialized Iranian database which indexes Iranian scientific
journals. References were also identified from the authors’
own files and through the reference lists of included articles.
Papers published in English and Persian were reviewed.

Inclusion and exclusion criteria

We included studies that examined the (1) molecular and
genetic basis of lung cancer as well as their clin-
icopathological correlations and impact on treatment out-
comes; (2) studies focused on the Iranian population or
originating from Iran; and (3) full articles published in
English or Persian. We excluded letters to the editor and
book references.

This search strategy yielded 730 articles in PubMed, 346
articles in Scopus, 114 articles in Embase, 188 articles in ISI
Web of Science, and 97 articles in SID databases. In all, 38
original studies, comprising 2566 Iranian patients with lung
cancer (most of whom were male participants with

Fig. 1 Flow chart for screening
of eligible publications
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squamous cell carcinoma (SCC)) were selected for full-text
review (Fig. 1).

Data collection and synthesis

Two authors (ZF and RR) independently identified eligible
studies, and disagreements were resolved by appeal to a
third author (NLS). The following data were extracted: first
author; year of publication; genes inspected and experi-
mental techniques used; sample type; and tumor type
(Table 1). We categorized the findings of these studies
according to the following themes: (1) druggable oncogenic
drivers; (2) DNA repair pathway; (3) immune- and tumor
microenvironment-related genes; and (4) xenobiotic meta-
bolism and other genes (Fig. 2). We did not perform meta-
analysis as we were not able to identify studies that were
deemed to be sufficiently similar in terms of study design
and experimental techniques used genetic variants that were
examined, or manner in which the results were presented.

Druggable oncogenic drivers

Epidermal growth factor receptor

In a study done in 2016 on 98 formalin-fixed paraffin-
embedded (FFPE) lung cancer samples in the Iranian
population (68% adenocarcinoma and the others SCC),
37% (36/98) of the samples had EGFR mutations, of which
72.2% were exon 19 deletions and 27.8% were exon
21 substitution mutations [16]. Although L858R substitu-
tion is among the most frequent mutation in NSCLC in East
Asian and Western populations [17], no such mutations
were observed in Iranian lung cancer patients [16]. Mean-
while, the most prevalent alterations were E872K in exon
21 mutation-positive patients (9/10; 90%) [16], which is
peculiar because this mutation otherwise represents a rare
mutation in other populations and there is little published
data regarding the sensitivity of E872K-mutant NSCLC to
peidermal growth factor receptor (EGFR)-directed tyrosine
kinase inhibitors.

Anaplastic lymphoma kinase

Anaplastic lymphoma kinase (ALK) rearrangements are
rare (1%) driver events in NSCLC, which can be targeted
with approved small-molecule inhibitors such as crizotinib,
ceritinib, brigatinib, and alectinib. In a study by Roudi et al.
[18, 19] comparing the level of ALK expression in lung
cancer samples by immunohistochemistry, a high level of
ALK expression was found to be associated with poorly
differentiated adenocarcinoma, high nuclear grade, and poor
prognostic features.Ta
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Receptor tyrosine-protein kinase erbB-2 (ERBB2;
HER2)

Ghayumi et al. evaluated the serum levels of soluble HER2/
neu in 43 patients with lung cancer (32 SCC, 9 small-cell
lung cancer (SCLC), and 2 adenocarcinomas) and 42 controls
by an enzyme immunoassay method in Iranian population.
Their study showed that the level of HER2 was increased in
lung cancer patients. They also found that HER2 serum
levels had a high specificity (95%) but low sensitivity (14%)
for diagnosis of lung cancers [20]. Ziaian et al. assessed the
status of HER using the immunohistochemical HercepTest in
42 Iranian patients, and reported that one-third were HER2-
positive, including 9 (21.4%) weakly stained (1+) and 5
(11.9%) moderately stained (2+) samples [21], suggesting
that HER2-positivity rates are far higher in the Iranian lung
cancer population as compared to East Asian and Caucasian
ethnic populations [14]. They further assessed lactate dehy-
drogenase and glucose levels in malignant pleural effusions
by photometric assay kits, and reported a significant rela-
tionship between low pleural glucose levels and HER2-
positivity in lung cancer, which may be attributed to the high
metabolic activities of HER2-overexpressed lung tumors
[21]. Consequently, the potential utility of HER2-directed
agents such as trastuzumab, pertuzumab, and lapatinib war-
rants investigation in Iranian lung cancer patients.

c-KIT proto-oncogene receptor tyrosine kinase (KIT)

In a study by Roudi et al. [22] based on tissue microarrays,
the expression levels of c-KIT in lung adenocarcinomas
were found to be higher as compared with SCLCs and
large-cell lung carcinomas.

BRAF, PIK3CA, MET, ROS1, FGFR1

We did not identify any published articles examining the
above-mentioned genes in Iranian lung cancer patients,
although reports were found on other cancer types,
including BRAF mutations in papillary thyroid carcinoma
[23] and PIK3CA mutations in breast cancer [24].

DNA repair pathway

Mutations in the DNA repair pathway have predictive and
prognostic significance. For instance, ongoing research has
suggested that TP53 mutations may confer sensitivity to
WEE1 inhibitors, while deleterious mutations in the
homologous recombination repair pathway are currently
being investigation as predictive biomarkers for checkpoint
blockade immunotherapy and PARP inhibitor response.
Furthermore, acquired mutations in the DNA repair path-
way may be associated with either sensitivity or resistance
to chemotherapeutic agents depending on context. In this
section, we systematically synthesize published literature of
DNA repair pathway aberrations in Iranian NSCLC
patients.

Tumor suppressor p53

In a study by Mohammadi et al. [25] on 25 FFPE SCC
patient samples, 18/22 (81.8%) of evaluable cases harbored
mutations in exon 5 (which were mostly deletions) and 15/
18 (83.3%) contained mutations in exon 8 (mostly A to T
and G to T transversions and deletions). In another study be
Jafari et al. [26], TP53 mutations in exons 5–7 were found
in 27.7% of lung SCC samples. The most frequent muta-
tions were c.409C > G in exon 5 and c.770T > A in exon 7
[26]. Controversy exists as to the importance of a codon 72
polymorphism (R72P) and lung cancer predisposition in an
Iranian population: Nadji et al. [27] reported an increased
risk of lung cancer in a study of 92 healthy controls and 141
North Iranian lung cancer patients, whereas Eydian et al.
[28] found no such association based on a case–control
study comprising 200 lung cancer patients and 200 healthy
controls.

Tumor suppressor p63

Naghshvar et al. [29] evaluated p63 immunohistochemical
staining intensity in re-cut and de-stained sections of 100
Iranian lung cancer specimens, and found that 93.93% of
SCC but none of the SCLC were stained by p63.

Fig. 2 Distribution of Iranian
publications based on the
germline and somatic variation
in genes that includes (1)
druggable oncogenic drivers, (2)
DNA repair pathway, (3)
immune- and tumor
microenvironment-related
genes, and (4) xenobiotic
metabolism and other genes
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ERCC2

In a case–control study involving 288 lung cancer patients
and 352 healthy Iranian controls, individuals heterozygous
for the Lys751Gln polymorphism had approximately twice
the risk of lung cancer compared those with the Lys/Lys
genotype. There was also no association between the risk of
lung cancer and homozygous individuals for the glutamine
allele [30].

X-ray repair cross complementing 1

Hamedi et al. examined the effect of the X-ray repair cross
complementing 1 Arg399Gln polymorphism by
amplification-refractory mutation system-polymerase chain
reaction (ARMS-PCR) in a case–control study involving
100 NSCLC patients and 100 healthy controls. In the
overall population, no association between the Arg399Gln
polymorphism and risk of lung cancer was delineated.
Intriguingly, in subgroup analysis, the Gln/Gln genotype
appeared to increase the susceptibility of lung cancer among
men [31].

Sirtuin 1

Gharabaghi [32] evaluated the prognostic and diagnostic
value of sirtuin 1 (SIRT1) expression in NSCLC in 40
patients, and demonstrated that SIRT1 was upregulated in
67.5% of NSCLC samples, and was associated with
advanced pathological T stage and poor differentiation
status.

Phosphatase and tensin homolog

We did not identify any published articles examining PTEN
mutations in Iranian lung cancer patients, although reports
were found on other cancer types such as prostate cancer
[33].

Immune- and tumor microenvironment-
related genes

Cytotoxic T-lymphocyte-associated protein 4

It is currently not clear whether molecular aberrations
involving the cytotoxic T-lymphocyte-associated protein 4
(CTLA4) gene may influence antitumor immunity or
response to anti-CTLA-4/B-7 checkpoint inhibitors.
Nevertheless, Erfani et al. [34] assessed lymphocytic cell
surface and intracellular expression of CTLA-4 in periph-
eral blood of 23 NSCLC patients and 16 healthy controls,
and reported that <1% of all lymphocytes subsets (CD4+,

CD8+, and CD19+) expressed CTLA-4 on the surface and
most of the CTLA-4 molecules were present in the intra-
cellular compartment of SurCTLA-4+CD8+ lymphocytes
in both patients and controls. In another study by Kha-
ghanzadeh et al. [35] involving 127 patients with lung
cancer and 124 controls, CTLA4 polymorphisms (−1722 T/
C, −1661 A/G, −318 C/T, +49 A/G, +1822 C/T, and
+6230 A/G (CT60)) did not appear to modulate the risk of
lung cancer in persons of Iranian descent.

Melanoma-associated antigen

The melanoma-associated antigen (MAGE) protein family
is located in clusters on the X chromosome, and their
gene products are members of the cancer-testis
antigen group. Type 1 MAGE is expressed in testes and
various tumor types, including lung cancers. Accumulating
evidence suggests that the overexpression of MAGE
gene products in lung cancers can serve as a tumor marker
for diagnosis, as well as a target for cancer immunotherapy
as it can be presented by major histocompatibility
complexes (MHCs) on cancer cell surfaces to cytotoxic
T lymphocytes [36]. Karimi et al. examined the expression
of MAGE in both tumoral and normal tissue, using FFPE
samples of 29 Iranian patients (SCC: 16 and adenocarci-
nomas: 13) and a nested reverse transcriptase–PCR to
detect the expression frequency of the MAGE-A family.
This analysis revealed that at least one MAGE-A gene
is expressed in 59.4% of lung SCC and 69.2% of adeno-
carcinomas from Iranian patients, and MAGE-A4 gene
was most frequently expressed among MAGE-A genes [37].
For contrast, other studies have found that MAGE-A3 is
the most prevalent form of MAGE-A (30–60% of NSCLC)
[38].

Forkhead box P3

Forkhead box P3 (FOXP3) is located on the Xp11 chro-
mosome and its product is a transcription factor that has
critical roles in CD4+CD25+FOXP3+ regulatory T (Treg)
cells. This transcription factor binds to specific sites on
DNA and under normal contexts, is responsible for auto-
immune suppression. In a case–control study, Haghighi
et al. analyzed the association of two FOXP3 polymorph-
isms, rs3761549 (in the promoter region; −2383 C/T) and
rs2280883 (in the internal region; IVS9 +459 T/C) in 156
patients with lung cancer and 156 controls in a Southern
Iranian population [39]. The frequency of the T allele of the
rs3761549 variant was 11.8% among cases and 5.9%
among controls; while the T allele frequency at rs2280883
was also higher among cases compared to controls, or
among patients aged 55 years or older (69.9% vs. 59.9%),
and in SCC patients [39].
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C-C motif chemokine 22 and C-C chemokine
receptor type 4

The C-C motif chemokine 22 (CCL22) gene is located on
the 16q16 chromosome and is a chemokine that attracts
monocytes, dendritic cells, natural killer cells and T lym-
phocytes. The C-C chemokine receptor type 4 (CCR4) gene
is located on the chromosome 3p22 and is a G-protein
coupled receptor for CCL22. CCR4 is expressed on the
surface of T helper type 2 (Th2) and Treg cells, and is
involved in their homing to tumors. In a study by Erfani
et al. [40] of 148 patients with lung cancer and 148 controls
in 2014, no significant differences in the genotypic fre-
quencies of CCL22 rs4359426 (16C > A) and CCR4
rs2228428 (C1014T) were identified in cases and controls
in Iranians.

Interleukin-13

Interleukin (IL)-13 is an immunoregulatory cytokine syn-
thesized and secreted by Th2 cells. Several polymorphisms
have been reported for this gene. Sameni et al. [41]
reviewed the status of two variants +2044 G/A and −1055
C/T in 141 patients with lung cancer and 113 controls in
2009, and found no significant difference in the frequency
of genotypes, alleles, or haplotypes at positions, suggesting
that these variants do not constitute predisposition variants
in individuals of Iranian ancestry.

Interleukin-18

IL-18 is a chemokine produced and released by macro-
phages, epithelial cells, osteoblasts, and cancer cells, espe-
cially under states of inflammation. IL-18, through
stimulating interferon-gamma (IFN-γ) release by T lym-
phocytes, induces apoptosis or arrest in cancer cells. IL-18
expression is reduced in the presence of the promoter −607
C/A and −137 G/C polymorphisms, which are localized in
the transcription factor-binding sites [42]. Farjadfar et al.
[43] examined the IL-18 gene polymorphisms in 73 patients
with lung cancer and 97 controls in Iranian population and
reported a significantly higher A allele frequency at position
−607, which is associated with diminished IL-18 produc-
tion, in lung cancer patients. Furthermore, individuals with
the −607 CA and the AA genotypes had an increased
susceptibility to lung cancer [43].

IL-2, IL-4, IL-10, and IFN-γ

Ghayumi et al. examined the levels of IL-4, IL-10, IL-2, and
IFN-γ levels by enzyme-linked immunosorbent assay
(ELISA) in 44 NSCLC patients, 16 extra-thoracic tumors, 8
tuberculosis patients, and 8 congestive heart failure patients.

The findings suggested a lower IFN-γ level but possibly
increased levels of IL-10 and IL-4 in malignant tumors. IL-
2 was below the detectable concentration of the assay [44].

Stromal cell-derived factor-1

The gene encoding stromal cell-derived factor-1 (SDF-1),
also known as C-X-C motif chemokine ligand 12, is located
at 10q11. This chemokine attaches to the CXCR4 receptor
and has been implicated in a host of processes related to
cancer immunity and metastatic outgrowth. The G801A
(rs1801157) substitution is a noteworthy polymorphism in
the 3′-untranslated region of the SDF-1 gene, which is
associated with enhanced gene expression in homozygous
and heterozygous conditions, as well as an increased risk of
cancer [45]. In a study by Razmkhah et al. [46] comprising
72 patients with lung cancer and 262 controls in Iran, 12.5%
of cases were found to be homozygous for the A allele and
52.8% were heterozygotes, whereas among controls, 7.7%
were A/A and 37% were heterozygous, suggesting that this
variant may be a weakly penetrant susceptibility allele in the
Iranian population.

Cluster of differentiation 1

The human genome contains five cluster of differentiation 1
(CD1) family genes organized as a cluster on chromosome
1 (1q23.1). These genes encode membrane glycoproteins
that are located on the surface of the antigen-presenting
cells, and are related to the class I MHC molecules. CD1a
assists in presenting lipid antigens to T lymphocytes while
CD1d is considered to present glycolic lipid antigens to
natural killer T cells. Golmoghaddam et al. [47] examined
exon 2 polymorphisms in CD1a and CD1d in 64 lung
cancer patients and 95 healthy individuals in an Iranian
population, but did not elucidate any significant association
between the CD1 polymorphisms and lung cancer
prognosis.

Cluster of differentiation 44

Cluster of differentiation 44 (CD44) is located on the short
arm of the chromosome 11 (11p13) and encodes a trans-
membrane glycoprotein, which may be involved in cancer
proliferation, lymphocytic activation, and tumor metastasis
[48]. CD44 has been identified as a crucial molecule on the
surface of cancer stem cells (CSCs) [49]. Genetic variation
and expression of CD44 may be associated with progressive
disease in various human malignancies, including lung
cancer [50, 51]. Roudi et al. [52] performed immunohisto-
chemical evaluation of the expression of CD44 in 195 lung
cancer samples and found higher level of CD44 expression
in NSCLC compared to SCLC, and this difference was
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accentuated in the SCC histotype. Furthermore, CD44
expression was significantly correlated with higher-grade
tumors and poor prognosis.

Prominin 1

PROM1 is located on the short arm of the chromosome 4
(4p15.32) and encodes a pentaspan membrane glycoprotein
known as CD133, which is considered to regulate the
MAPK and Akt signaling pathways. CD133 also serves as a
stem cell marker for CSCs and is expressed in the lung CSC
population [53, 54]. Roudi et al. evaluated the expression of
CD133 in 133 FFPE lung cancer samples by immunohis-
tochemistry in an Iranian population. CD133 expression
was markedly higher in NSCLC SCC as compared to
SCLC. The authors concluded that CD133high phenotype
can therefore be considered as a reliable CSC marker in
some lung cancer subtypes [55].

Programmed cell death protein 1 and programmed
death-ligand 1

We did not identify any published investigations examining
the expression and mutational patterns of programmed cell
death protein 1 (PD-1) and it’s ligand programmed death-
ligand 1 (PD-L1) that were performed in an Iranian lung
cancer population. The authors note that this paucity of
studies on PD-1/PD-L1 in Iran may hamper drug develop-
ment and translational efforts in effectively utilizing
immunotherapy, and is contrasted with the numerous pub-
lications originating from Western and East Asian countries.

Xenobiotic metabolism and other genes

Cytochrome P450 family 1 subfamily A member 1

Motovali-Bashi et al. [56] investigated the frequency of
cytochrome P450 family 1 subfamily A member 1
(CYP1A1) MspI (6235T > C) polymorphism in 65 lung
cancer patients (AC: 22, SCC: 9, SCLC: 9, others: 25) and
80 healthy, and determined that the frequency of the variant
CYP1A1*2A allele was higher in lung cancer patients, with
a significantly increased risk of lung cancer among het-
erozygotes (*1/*2A). These findings were corroborated by
another case–control study involving 112 lung cancer
patients and 120 controls, again reflecting the same trend
[57].

Cytochrome P450 family 1 subfamily B member 1

Cytochrome P450 family 1 subfamily B member
(C1YP1B1) is involved in the oxidation and activation of

polycyclic aromatic hydrocarbons (PAHs) and nitrosamines
in cigarette smoke into carcinogenic compounds that can
form adducts with nuclear DNA. The most frequent poly-
morphisms in CYP1B1 include 4326C/G (L432V;
rs1056836) in exon 3. This polymorphism augments the
catalytic activity of the heme-binding domain of the
enzyme, resulting in increased activation of PAHs and
nitrosamines, and is associated with an enhanced risk of
cancer. Accordingly, Motovali-Bashi et al. [58] have
reported that the CC genotype is associated with elevated
lung cancer risk in persons with a smoking history, but not
in non-smokers.

Aldehyde dehydrogenase 1

Aldehyde dehydrogenase (ALDH1) belongs to a
superfamily with 19 ALDH genes, which have spread
throughout the genome. There are 6 ALDH1 in human
genome; ALDH1A1 (9q21.13), ALDH1A2 (15q21.3),
ALDH1A3 (15q26.3), ALDH1B1 (9p13.1), ALDH1L1
(3q21.3), and ALDH1L2 (12q23.3) [59]. All these enzymes
catalyze the oxidation of aldehydes in liver and also are
expressed at high levels in stem cells and play critical roles
in stem cell functions [60]. ALDH1 can act as a potential
CSC marker in several cancers such as ovarian and lung
cancer, and is associated with poor prognosis in NSCLC
[61, 62]. Roudi et al. evaluate the expression of ALDH1 in
133 FFPE lung cancer tumors by immunohistochemistry
method in Iranian population. They found that ALDH1 had
higher expression levels in the NSCLC (especially SCC)
compared to the SCLC, so ALDH1high phenotype can
be considered as a CSC marker in some lung cancer sub-
types [55].

Cholinergic receptor nicotinic alpha 3

Cholinergic receptor nicotinic alpha 3 (CHRNA3) encodes a
ligand-gated nicotinic acetylcholine receptor. CHRNA3
binds to nicotine and nitrosamines contained in cigarettes
and food in epithelial cells of the lung. The exact
mechanisms by which CHRNA3 modulates lung cancer risk
is debated, but have been postulated to increase smoking
addiction via nicotine dependence, as well as the
direct induction of cancer cell proliferation via
nicotine–receptor interaction [63]. In a study by Mehrabi
et al. [64] of 147 NSCLC patients and 145 controls, three
polymorphisms in exon 3 of CHRNA3 (rs8040868,
rs763384023, and rs2869547) were analyzed. The latter two
variants appear to be unique to the Iranian lung cancer
population, whereas the rs8040868 polymorphisms have
previously been reported to indirectly increase the risk of
lung cancer by engendering nicotine (and alcohol) depen-
dence [65, 66].
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Heat shock protein family A member 5

The HSPA5 gene is located on the long arm of the chro-
mosome 9 (9q33.3) and is a member of the heat shock
protein 70 family. It is alternatively known as glucose-
regulated protein 78 (GRP78), and is involved in the folding
and assembly of multimeric proteins complexes in the
endoplasmic reticulum and is an important member of
unfolded protein response pathway. Its expression is
increased in cancer cells and is associated with proliferation,
carcinogenesis, metastasis, and drug resistance [67].
Ahmadi et al evaluated the expression of GRP78 in 36
FFPE lung cancer samples by reverse transcription quanti-
tative real-time PCR (RT-qPCR) and confirmed that GRP78
was upregulated in tumor samples [68].

Glutathione S-transferase T1 and glutathione S-
transferase M1

Haghirasadat et al. scrutinized the frequencies of glu-
tathione S-transferase T1 (GSTT1) and glutathione S-trans-
ferase M1 (GSTM1) deletion variants in 30 lung cancer
patients and 70 healthy controls using multiplex PCR, and
found that 16.7% of cases and 7.1% of controls respectively
exhibited deletions within the GSTT1 gene, whereas 30% of
cases and 10% of controls exhibited deletions of the GSTM1
gene. Deletion of at least one of the GSTM1 or GSTT1
genes was significantly higher in patients group in com-
pared to the controls (P= 0.033) [69].

Telomerase RNA component

Zarghami et al. measured the expression of telomerase gene
using the TRAP assay and the concentrations of Zn and Cu,
by atomic absorption spectrophotometry in 50 lung cancer
patients and a control group comprising 20 patients with
other lung diseases. Their results suggested a higher
expression of telomerase in lung cancer patients, which was
correlated with higher concentrations of Cu as well as Cu/
Zn ratio. Cu concentration in SCLC was found to be sig-
nificantly higher than NSCLC (P < 0.05) [70]. Another
study by Alani et al. [71], in which telomerase activity of 50
biopsy specimens of lung cancer patients and serum CEA
and Cyfra21-1 were assessed using PCR-ELISA and
ELISA, respectively, telomerase activity was found to be
increased, especially in SCLC as compared with NSCLC,
whereas serum levels of CEA and Cyfra21-1 were increased
in NSCLC in comparison with SCLC.

Matrix metallopeptidase 9

Motovali-Bashi et al. analyzed the associations between the
C(−1562)T polymorphism of the type IV collagenase gene

and the risk of lung cancer according to the different age
categories in the Iranian population. This study reported that
individuals under the age of 60 harboring the TT genotype
were approximately considerably more likely to develop
lung cancer (OR= 19.89; 95% CI= 3.21–120.60) [72].

Tumor markers (CYFRA21-1, CEA, NSE)

Sigari et al. [73] evaluated the serum levels of CYFRA21-1
(CK19), CEA, and NSE in 30 subjects with malignant and 81
with benign lung cancer in Kurdistan (a province in Western
Iran), and validated the concentration of serum tumor markers,
especially CYFRA21-1 and NSE, as being significantly higher
in the malignant group than in the benign subjects. In another
study by Mohamadnia et al. [74] involving 30 NSCLC
patients and 30 controls, CEA serum levels were confirmed to
be increased in NSCLC patients. Although the sensitivity of
CK19 mRNA appeared to be low, it proved to be a specific
marker for the early detection of lung cancer [74].

PI fold containing family A member 1 (BPIFA1,
LUNX)

Karimi et al. [75] inspected the serum levels of LUNX and
CEA in 30 NSCLC patients and 30 controls and determined
the sensitivity of LUNX and CEA to be 70% and 80%,
respectively, suggesting that the combination of LUNX and
CEA mRNA markers in peripheral blood could represent
useful non-invasive tools for the detection of NSCLC.

Arginase 1

Jamshidzadeh et al. [76] investigated the activities of argi-
nase and rhodanese in normal and cancerous human tissues
in the Iranian population. Arginase activity was found to be
enhanced in the cancerous tissue while rhodanese activity
was significantly suppressed (P < 0.05).

Baculoviral inhibitors of apoptosis protein repeat
containing 6

The baculoviral inhibitors of apoptosis proteins (IAP) repeat
containing 6 (BIRC6) gene is located on the short arm of
chromosome 2 (2p22.3) and is a member of the family of the
IAPs. BIRC6 has a single N-terminal baculovirus IAP repeat
(BIR) domain and a C-terminal ubiquitin-conjugating
domain. BIRC6 can inhibit the caspase cascade and cause
anti-apoptotic activity, and plays important roles in cell pro-
liferation. Gharabaghi et al. [32] evaluated the prognostic and
diagnostic value of BIRC6 expression in NSCLC in 40 Ira-
nian patients and found that BIRC6 was upregulated in 75%
of NSCLC samples, and was associated with advanced tumor
stage, poor differentiation, and lymph node metastasis.
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Conclusions and future directions

Contemporary lung cancer research in Iran has begun
to shed light on the molecular underpinnings of the
disease in this population. Amidst an increasing trend in
incident lung cancer cases and socioeconomic burden,
these formative studies—however limited by quality and
scope—represent crucial stepping stones for the next gen-
eration of translation cancer research and prevention in Iran
and other less-developed nations in Central Eurasia and
Western Asia.

In contrast to data from developed countries, the epide-
miology of molecular alterations in genes involved in can-
cer immunosurveillance, xenobiotic metabolism, DNA
repair, and those that encode potentially actionable onco-
genic drivers are—in several aforementioned instances—
distinct in the Iranian population. These disparities likely
allude to the unique environmental exposures and popula-
tion genetics of the Iranian populace [77]. Regardless, these
data affirm the need for Iran to drive its own cancer research
agendas, as findings derived from ethnographically distinct
populations (eg., highly developed Western and East Asian
nations) may not extrapolate to an Iranian lung cancer
patient population.

Furthermore, our survey of lung cancer studies per-
formed in Iran has revealed a dearth of studies in topics that
are otherwise highly pursued in developed countries.
Notably, we were not able to identify any publication from
Iran concerning the expression of PD-1/PD-L1 in lung
cancer. On the other hand, it can be argued that checkpoint
blockade immunotherapies [78] are prohibitively costly in
Iran’s healthcare system, thus de-prioritizing research on
tumor immunology in NSCLC. Nevertheless, such studies
should be encouraged as they may form the backbone of
future drug development efforts in the region. With the
concerted efforts of laboratory scientists and translational
physicians and the commitment of the government to nur-
turing a national research infrastructure, the full potential of
lung cancer research in Iran may eventually be realized to
give all Iranians the best chance at preventing and over-
coming lung cancer.
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