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Abstract The programmed cell death protein 1 (PD-1) is
expressed by activated T cells that act as an immunoregulatory
molecule, and are responsible for the negative regulation of T cell
activation and peripheral tolerance. The PD-I gene also encodes
an inhibitory cell surface receptor involved in the regulation of T
cell functions during immune responses/tolerance. Beyond po-
tent inhibitory effects on T cells, PD-1 also has a role in regulat-
ing B cell and monocyte responses. An overexpression of PD-1
has been reported to contribute to immune system avoidance in
different cancers. In particular, PD-1 over-expression influences
tumor-specific T cell immunity in a cancer microenvironment.
Blocking the PD-1/PD-1 ligand (PD-L1) pathway could
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potentially augment endogenous antitumor responses. Along
these lines, the use of PD-1/PD-L1 inhibitors has been applied
in clinical trials against diverse forms of cancer. It was believed
that antibodies targeting PD-1/PD-L1 might synergize with other
treatments that enhance endogenous antitumor immunity by
blocking inhibitory receptor-ligand interactions. However, in all
cases, the host genetic status (as well as that of the tumor) is likely
to have an impact on the expected outcomes. Various investiga-
tions have evaluated the association between PD-1 polymor-
phisms and the risk of various types of cancer. Frequently studied
PD-1 polymorphisms, PD-1.1 (rs36084323), PD-1.3
(rs11568821), PD-1.5 (rs2227981), PD-1.9 (1s2227982), and
PD-1 157421861, and their associations in the risk of susceptibil-
ity to different types of cancer are mentioned in this review, as are
studies highlighting the significance of conducting genetic asso-
ciation studies in different ethnic populations.

Keywords PD-1 - Cancer - Polymorphisms - Molecular
mechanisms

Introduction

The programmed death-1 or PD-1 (CD279) protein was first
isolated by the group of Ishida from a murine T cell hybridoma
undergoing programmed cell death in 1992 (Ishida et al. 1992).
PD-1 is a transmembrane glycoprotein type I with 50~55 kDa
molecular weight and composed of 288 amino acids (Vibhakar
et al. 1997). Human PD-1 proteins have 60% homology with
murine PD-1 (mPD-1) (Vibhakar et al. 1997; Zhang et al.
2004). This cell surface monomer protein is an inhibitory re-
ceptor (Sharpe et al. 2007; Zhang et al. 2004) and belongs to
the Ig superfamily (Francisco et al. 2010; Ishida et al. 1992;
Vibhakar et al. 1997), specifically the CD28 cytotoxic T lym-
phocyte antigen-4 (CTLA-4) family (Jin et al. 2011). Unlike
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CTLA-4, PD-1 exists as a monomer on the cell surface. Two
tyrosine residues have been identified in the PD-1 cytoplasmic
domain, which are supposed to play an essential role in the
inhibitory function of PD-1 (Dougall et al. 2017). Moreover,
inhibitory effects of PD-1 on T cells can induce cell cycle arrest.
Previous studies in murine T cell hybridomas determined that
there was a correlation between activation-induced apoptosis
and expression of mPD-1 mRNA (Brown et al. 2003).
Human PD-L1 belongs to the B7 family (Dong et al. 1999).
The PD-L1 has an important role in immune evasion by tumor
cells and can enhance tumor cell growth by promoting apoptosis
among antigen-specific and tumor-reactive T cells (Kashani-
Sabet 2010). PD-L1 also is necessary in maintaining immune
homeostasis in normal physiological condition. This ligand
downregulates cytotoxic T cell activity when it binds to specific
receptors on T cells and protects normal cells from collateral
damage (Park et al. 2010). Thus, tumor cells expressing PD-
L1 can hinder activation of new T cells (Chen et al. 2012).
This review summarizes updated concepts about the role of
PD-1 pathways in adaptive immunity and discusses whether
blockade of PD-1 pathways can improve immune responses,
thereby develop potential utility with regard to prophylaxis and
therapeutics. Moreover, by evaluating the genome-wide asso-
ciation studies (GWAS) and single nucleotide polymorphisms
(SNPs) in human PD-1 gene, a higher risk association was
demonstrated with different cancers in certain ethnic groups.

PD-1 signaling pathway

PD-1 binds to two ligands, PD-L1 (aka B7-H1 or CD274) and
PD-L2 (aka B7-DC or CD273) (Duraiswamy et al. 2013;
Francisco et al. 2010; McDermott and Atkins 2013;

Fig. 1 PD-I signaling pathway.
Activation of the PD-1 pathway
results from binding of SHP-1
and SHP-2 to immunoreceptor
tyrosine-based inhibitory motif
(ITIM) which can increase PTEN
activity and repress T cell prolif-
eration. Activation of PD-1 sig-
naling can affect IL-2 release and
decrease of protein synthesis.
This pathway provides inhibitory
signals against T cell activation
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Pedoeem et al. 2014; Porichis and Kaufmann 2012; Sznol
and Chen 2013). PD-L2 affinity for PD-1 is threefold higher
than PD-L1; however, PD-L1 is expressed significantly on
more cell types than PD-L2. Furthermore, while PD-L2 is
expressed on macrophages, cultured bone marrow-derived
mast cells, and dendritic cells and some subsets of B-lineage
cells, PD-L1 can be expressed on both hematopoietic and non-
hematopoietic cells (Ceeraz et al. 2013). Early studies showed
that increasing risk of mortality due to tumor aggressiveness
was associated with high tumor cell expression of PD-L1
(Ceeraz et al. 2013; Francisco et al. 2010). The role of PD-1
in downregulation of ineffective or detrimental immune re-
sponses and maintaining tolerance is critical. (Riley 2009).
In fact, pathways involving PD-1 and its ligands assist suc-
cessful protective immune responses, maintenance of T cell
homeostasis, and self-tolerance through regulating the balance
between stimulatory and inhibitory signals (Patsoukis et al.
2012b; Zamani et al. 2016).

PD-1 functions

At least two opposite roles are attributed to PD-1, beneficial
and harmful. From the beneficial standpoint, this molecule has
a critical role in downregulation of ineffective or detrimental
immune responses and in maintaining the immunological tol-
erance. On the other hand, from the harmful perspective, PD-1
contributes to expansion of malignant cells by interfering with
protective immune responses. Additionally, PD-L1 is com-
monly expressed on malignant tumor cells which can prevent
proliferation of tumor-specific T cells by inducing inhibitory
signals, resulting in impaired antitumor immunity (Figs. 1 and
2) (Gianchecchi et al. 2013).
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Fig. 2 Upper panel: PD-1 and A
PD-1 ligation between normal tis-
sue cells and activated T cells
provides tolerance through
preventing the killing activity of T
cells by inducing an inhibitory
signal through PD-1 (a). Tumor
cells that lack PD-1 cannot pre-
vent T cells from responding and
therefore are subjected to death
(b). Lower panel: expression of
PD-L1 on the tumor (a) or virus-
infected cells (b) can turn off the
T cell killing activity by inducing
an inhibitory signal through PD-1
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PD-1 expression on immune cells

PD-1 is expressed on some immune cells, including T cells
during thymic development (during T cell receptor (TCR) f3
rearrangement), but is also detectable on natural killer T
(NKT) cells, mature CD4" and CD8* T cells, some subsets
of dendritic cells, B cells, monocytes, murine thymocytes,
spleen, lymph node, and bone marrow cells (Agata et al.
1996; Kobayashi et al. 2005).

PD-1 expression could be affected by some factors such as
estrogen (Francisco et al. 2010), cytokines, also the tumor
suppressor genes like PTEN and Lkb1, and epithelial-mesen-
chymal transition-related molecules (Ritprajak and Azuma
2015). The level of PD-1 mRNA in primary naive human T
cells is very low within 24 h after stimulation. However, an
mRNA expression peak is observed only after 48 h from stim-
ulation with CD3/CD28-coated beads (Chemnitz et al. 2004).
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The role of PD-1 in T cell adhesion

Cell recognition events occur between T cells and antigen-
presenting cells (APCs), leading to T cell activation. The “stop
signals” necessary for interactions between PD-1 and PD-L1
suggests that cell-cell interaction might be affected by PD-1
downstream signals (Fife et al. 2009). This hypothesis is sup-
ported by in vitro experimental works demonstrating lower T
cell motility and enhanced T cell-APC contacts after antibody
blockage of PD-1 or PD-L1 (Fife et al. 2009). It was also
shown that PD-1 could inhibit T cell adhesion and immune
synapse formation via its mediating signals (Patsoukis et al.
2012b; Zinselmeyer et al. 2013).

Based on previous researches, it seems that PD-1 plays an
important role in regulating various aspects of cell adhesion,
which is part of its function in the immune system. As men-
tioned earlier, cancer cells can evade immune responses
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through expression of this membrane molecule (Pedoeem
etal. 2014).

PD-1 role in regulation of T cell responses

Antigen receptor ligation can induce PD-1 expression (Agata
et al. 1996; Chemnitz et al. 2004). Nuclear factor of activated
T cells (NFAT) 2 binds to the promoter region of the PDCD1
gene (coding PD-1 protein) following the T cell receptor
(TCR) stimulation (Oestreich et al. 2008). Viral-specific
CD8" T cells express the PD-1 transiently during infection.
There are some differences in the expression pattern of this
molecule between acute and chronic diseases. After elimina-
tion of acute infection, PD-1 expression decreases due to the
lack of specific TCR stimulation (Barber et al. 2006;
Youngblood et al. 2011). However, in chronic infections,
PD-1 expression is maintained as a result of continuous
TCR ligation (Blattman et al. 2009; Petrovas et al. 2007).
Regulatory regions of the PDCDI locus are demethylated
during TCR signaling, leading to active transcription. The
ability of PDCD! locus in re-methylation will be decreased
if antigen stimulation becomes continues. This phenomenon
leads to an open chromatin state poised for gene expression
(Youngblood et al. 2011). One of the hallmarks of T cells
dysfunction is attributed to the high expression of PD-1 seen
in cancer and chronic infections (Keir et al. 2008; Kim and
Ahmed 2010).

The physiological role of PD-1 in lymphocyte activation

Activation of T cell requires at least two signals: the first
happens when TCR recognizes specific peptide presented by
major histocompatibility complex (MHC) molecule on APCs.
The second signal occurs when co-stimulatory molecules li-
gate with their selective ligands on the APCs. Lack of any of
these signals results in anergy or apoptosis, which is one of the
mechanisms of immune tolerance (Mueller et al. 1989).
Besides these activating signals, some inhibitory co-
stimulatory receptors also exist. CTLA-4 and the PD-1 recep-
tors are negative co-stimulatory receptors that inhibit T cell
activation by distinct mechanisms (Kornete and Piccirillo
2011; Parry et al. 2005). The balance between these positive
and negative signals determines the final fate of T cell activa-
tion or peripheral tolerance (Chen 2004; Khoury and Sayegh
2004; Sharpe et al. 2007). Expression of PD-L1 has been
observed on many tumor cell lines and the surface of tumor
cells in patients with liver, bladder, colon, cervix, ovarian, and
breast cancers (Blank et al. 2004; Brown et al. 2003; Dong
et al. 2002; Wintterle et al. 2003). Expression of this molecule
can be a reliable predictor of gastric carcinomas, esophageal
cancers, and breast cancer (Ghebeh et al. 2006; Ohigashi et al.
2005; Wu et al. 2006). Emerging data have documented that
cancer cells have been able to express ligands of negative co-
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stimulatory receptors to protect themselves against strong im-
mune responses, and therefore continue to tumor growth.

PD-L1 expression on cancer cells

Studies show that PD-L1 is prevalently expressed on the
APCs as well as tumor cells in numerous solid malignancies,
including melanoma, squamous cell carcinoma, and carcino-
mas of the thyroid, brain, thymus, lung, breast, esophagus,
gastrointestinal tract, colorectum, liver, pancreas, kidney,
bladder, urothelium, adrenal cortex, skin, and ovary (Fay
et al. 2015; Jacobs et al. 2009; Katsuya et al. 2015;
Nakanishi et al. 2007; Nomi et al. 2007; Strome et al. 2003;
Wilmotte et al. 2005). The role of PD-1 and PD-L1 ligation in
normal physiologic conditions was discussed previously in
this review. PD-L1 expression on tumor cells in the tumor
microenvironment results from two mechanisms: the consti-
tutive mechanism and induced mechanism. Both of these
mechanisms are mediated by two binding sites of interferon
regulatory factor 1 (IRF-1) (Lee et al. 2006). It has been
shown that in BRAFV600-mutated melanoma, adaptive re-
sponse of cancer cells toward immune attack culminates in
PD-L1 expression. However, there is a constitutive expression
of PD-L1 on tumor cells which is occurred during oncogenic
processes (Khalili et al. 2012). Expression of PD-L1 rarely
happens on normal tissues, but inducible expression occurs
on tumor site. This issue underlies the PD-L1 pathway as a
unique and different from other inhibitory pathways in im-
mune response (Dong et al. 2002). This difference suggests
that the selective expression of PD-L1 may be related to clin-
ical outcomes in cancer patients, which provides a potential
selective molecule with regard to antitumor therapy. Recent
studies showed that the rate of PD-L1 expression and its cor-
relation with tumor survival varied between tumor types; the
highest and lowest PD-L1 expression levels were found in
thyroid cancer and small cell neuroendocrine carcinoma, re-
spectively (Pyo et al. 2017). Table 1 summarizes expression of
PD-L1 in some of the important studies with the highest case
number.

PD-1/PD-L1 blockade: pros and cons

Current clinical use of PD1/PD-L1 blockade has been sup-
ported by identification of PD-L1 (Dong et al. 1999, 2002),
recognition of PD-1 as a receptor for PD-L1 (Freeman et al.
2000), and clarification of the expression, regulation, and
function of the PD1/PD-L1 pathway in the human cancer
microenvironment (Ahmadzadeh et al. 2009; Dong et al.
1999, 2002; Fourcade et al. 2010; Wong et al. 2007; Wu
et al. 2009). Considering the clinical viewpoint, PD1/PD-L1
pathway blockade has been tested for its efficacy in a wide
range of tumor types including ovarian cancer (Brahmer et al.
2012; Herbst et al. 2014), breast cancer (Brahmer et al. 2012;
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Table 1 PD-LI expression in malignancies

Cancer Number of Detection method PD-L1 expression site Ref
cases
Colorectal cancer 1491 Paraffin IHC; anti-PD-L1 mAb Significant PD-L1 expression in 37% of (Droeser et al. 2013)
MMR -proficient
and in 29% of MMR-deficient CRCs
Esophageal cancer 99 Paraffin IHC, FACS; 82 patients showed positive membranous/ (Konishi et al. 2004)
anti-PD-L1 cytoplasmic, and 79 of them showed
positive nuclear PD-L1 staining
Gastric cancer 205 Paraffin IHC, FACS; 88 tissues were PD-L1 positive mainly in (Jiang et al. 2014)
anti-PD-L1 the cytoplasm and on the membrane of the
tumor cells
Pancreatic cancer 81 Paraffin IHC; anti-PD-L1 PD-L1 was shown mainly in the cytoplasm (Wang et al. 2010)
Cervical cancer 115 Paraffin [HC; anti-B7-H1 PD-L1 expressed on the tumor cell membrane (Karim et al. 2009)
(5H1) and throughout the tumor bed
Differentiated 407 Paraffin IHC; anti-PD-L1 PD-L1 expression was detected in the cytoplasm (Cunha et al. 2013)
thyroid polyclonal antibody of tumor cells
carcinoma
Breast cancer 636 RNAscope assay PD-L1 mRNA expressed in 60% of breast tumor (Schalper et al. 2014)
Ovarian cancer 70 Paraffin IHC; anti-PD-L1 NA (Hamanishi et al.
2007)
Kidney cancer 429 Paraffin IHC; anti-PD-L1 PD-L1 expression was shown on both tumor (Thompson et al.
(5H1) cells and lymphocytes 2007)
Liver cancer 240 Paraffin IHC; anti-PD-L1 PD-L1 was shown on the cell membrane, (Gao et al. 2009)
Western blot analysis in the cytoplasm, or both
Oral carcinoma 45 Paraffin IHC; anti-PD-L1 NA (Cho et al. 2011)
Nasopharyngeal Paraffin IHC; anti-PD-L1 PD-L1 was observed on the cell surface (Hsu et al. 2010)
carcinoma membrane and/or cytoplasm
Urothelial cancer 65 Paraffin IHC; anti-PD-L1 PD-L1 was observed on the cell surface (Nakanishi et al.
membrane and/or cytoplasm 2007)
Lung cancer 109 Paraffin IHC; anti-PD-L1 PD-L1 was observed on the cell surface (Mu et al. 2011)
membrane and/or cytoplasm
Melanoma 59 Paraffin IHC; anti-PD-L1 PD-L1 was shown in the cytoplasm (Hino et al. 2010)

Herbst et al. 2014), bladder cancer (Powles et al. 2014), colo-
rectal cancer (Brahmer et al. 2010, 2012; Lipson et al. 2013;
Topalian et al. 2012b), follicular lymphoma (Westin et al.
2014), diffuse large B cell lymphoma (Armand et al. 2013),
gastric cancer (Brahmer et al. 2012), squamous cell carcinoma
of the head and neck (Herbst et al. 2014), Hodgkin’s lympho-
ma (Ansell et al. 2015), melanoma (Brahmer etal. 2010, 2012;
Herbst et al. 2014; Lipson et al. 2013; Topalian et al. 2012b),
non-small cell lung cancer (NSCLC) (Brahmer et al. 2010,
2012; Herbst et al. 2014; Topalian et al. 2012b), pancreatic
cancer (Brahmer et al. 2012; Herbst et al. 2014), renal cell
carcinoma (Brahmer et al. 2010, 2012; Herbst et al. 2014;
Topalian et al. 2012b), prostate cancer (Brahmer et al. 2010;
Topalian et al. 2012b), sarcoma (Herbst et al. 2014), small-cell
lung cancer (Herbst et al. 2014), and uterine cancer (Herbst
et al. 2014). The quality and quantity of response toward this
treatment vary in different cancer types as observed in differ-
ent clinical trials. Clinical trials have indicated that cancers
which are favorably responsive to PD-1/PD-L1 blockade are
bladder cancer (Powles et al. 2014), melanoma (Brahmer et al.

2010, 2012; Herbst et al. 2014; Lipson et al. 2013; Topalian
et al. 2012b), colorectal cancer (Le et al. 2015), and hemato-
poietic malignancies (Ansell et al. 2015; Armand et al. 2013).
Even though the circumstance of responses in antibodies to
PD-1 and PD-L1 has not been carried out, levels of advan-
tages and disadvantages in clinical trials seem to be overall
consistent with each other. There is an immune-related toxic-
ity in PD1/PD-L1 blockade but is less severe than those seen
in the CTLA-4 pathway blockade (Larkin et al. 2015; Robert
et al. 2015). Fatigue is the most prevalently observed side
effect in PD-1/PD-L1 blockade. However, it is not usually
necessary to be treated and does not limit the therapy. On
the other hand, inflammatory pneumonitis has rarely been
seen, which may be lethal if medical interventions are ignored
immediately with immunosuppressive agents such as cortico-
steroids. The termination of the therapy may be mandatory in
case intense exacerbations like pneumonitis or interstitial ne-
phritis occur. Interestingly, clinical responses remain, in spite
of stopping the therapy and even after application of immu-
nosuppressive medications (Zou et al. 2016).
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PD-1 polymorphism in cancer

Gene polymorphisms are natural variations in DNA sequence,
gene, or chromosome that have no adverse effect for the indi-
vidual and occur with fairly high frequency in the general
population. Polymorphism involves one of two or more vari-
ants of a specific DNA sequence. The most ordinary type of
polymorphism involves variation at a single base pair called
“single nucleotide polymorphism” or SNP. Scientists are
studying how SNPs in the human genome correlate with dis-
ease, drug response, and other phenotypes. Polymorphisms
can also be much larger in size and involve long stretches of
DNA (Snyder et al. 2015). They occur once in every 300
nucleotides on average, which means there are approximately
10 million SNPs in the human genome. SNPs can be also
considered as biological markers, helping scientists to identify
genes that are associated with diseases. When SNPs occur
within a gene or in a regulatory region near a gene, they
may play a more direct role in disease by modifying the gene
function. Most SNPs are innocuous and do not have any effect
on health or development. However, some variations have
been established to be very essential in the study of human
health. It has been reported that some SNPs have a role in
individual’s response to some drugs, vulnerability to environ-
mental factors such as toxins, increased risk of developing
particular diseases, and association with complex diseases
such as cancer. Recent studies showed that SNPs may also
have functional association with the individual’s susceptibility
to cancer (Ling et al. 2015).

Immunosuppressive and antitumor functions of PD-1 are
thought to make it as a convincing genetic risk candidate in
some of the malignancies. Investigations confirmed that PD-1
polymorphisms were associated with numerous types of can-
cers, including those of the colon, gastric, esophagus, breast,
and liver (Haghshenas et al. 2011; Hua et al. 2011; Mojtahedi
etal. 2012; Qiu et al. 2014; Savabkar et al. 2013).

This section includes the most updated and frequent PD-1
polymorphisms and their main results in cancers. It was worth
considering the PD-1 functional SNPs including PD-1.1
(rs36084323), PD-1.3 (rs11568821), PD-1.5 (rs2227981),
PD-1.9 (rs2227982), and PD-1 rs7421861 in different cancers.
Significant relations between SNPs and cancer susceptibility
in different populations examined in all genetic models are
presented in Table 2.

The PD-1.1 polymorphism is located in the promoter re-
gion (—606A/G, position —538 from transcription start site). It
is known that mutations in the promoter region (5'-flank)
might be concerned with the transcription factor binding sites
(TFBS) and motifs, as well as interrupting the activation of
gene and the start of transcription (Liu et al. 2014; Zamani
et al. 2015). Hence, when a polymorphism is located in the
promoter region of the PDCD-1 gene, it can likewise influ-
ence the transcription and activation of the PD-/ gene,
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affecting the development of cancer and progression of human
diseases. Surprisingly, the frequency of the A allele in PD-1
was higher in cases with p53 mutation, suggesting that p53
mutation is a valuable marker of aggressive disease and the
mutation consequences in unresponsiveness to therapy and
poor prognosis (Hua et al. 2011; Jiao et al. 2014). The PD-
1.1 (G/A) polymorphisms have been assumed a risk factor for
NSCLC in a Japanese population (Sasaki et al. 2014), and
associated with breast cancer in a Chinese group (Hua et al.
2011).

The PD-1.3 polymorphism is located in intron 4 (+7146A/
G). This SNP is a guanine (G) to adenine (A) polymorphism
in the PD-1 intron was described as an enhancer-like due to
the existence of four tandem repeats that contain multiple
putative binding sequences of transcription factors
(Mahmoudi et al. 2015; Prokunina et al. 2002). Recent studies
have shown that the PD-1.3 polymorphism in this area is a
regulatory SNP and indicated to be associated in vulnerability
to cancers, likewise can alter the binding of the runt-related
transcription factor 1 (RUNX1) and modify the transcriptional
regulation and the proficiency of the PD-1 gene (Suarez-
Gestal et al. 2008). Moreover, investigations show that the
presence of the A allele of the PD-1.3 polymorphism dis-
turbed the binding site for RUNX1 transcription factors and
cause ruined impairing PD-1 inhibitory influence, which leads
to greater lymphocyte activity. Hence, the A allele of the PD-
1.3 SNP can augment the antitumor capability of immune
responses and diminish the liability of cancers (Dong et al.
2016). Particularly, it has been shown that the PD-1.3 (A/G)
polymorphism is associated with colon cancer in an Iranian
population (Yousefi et al. 2013). However, no significant as-
sociation has been achieved for breast cancer in an Iranian
population (Haghshenas et al. 2011) and for hepatocellular
carcinoma (HCC) in a Turkish population (Bayram et al.
2012).

The PD-1.5 polymorphism is located in exon 5 (+7785
C/T) and is a synonymous polymorphism that does not mod-
ify the final amino acid structure of the protein. Significant
associations between PD-1.5 and cancers probably roots in the
PD-1.5 variation linkage disequilibrium with other PD-1 gene
polymorphisms that may lead to alter the PD-1 expression
level. Polymorphism studies indicate that this locus is statisti-
cally associated with several cancer types such as NSCLC in
Chinese (Yin et al. 2013), cervical cancer in Chinese and
Swedish (Yin et al. 2013), breast cancer in Chinese, colon
cancer in Iranian, gastric and digestive system cancer in
Chinese and Iranian (Dong et al. 2016; Savabkar et al.
2013), and gestational trophoblastic diseases in Iranian groups
(Dehaghani et al. 2009). A recent meta-analysis recommended
that the PD-1.5 (rs2227981) polymorphism is associated with
meaningfully decreased cancer risks; likewise, the decreased
cancer risk was established in T vs. C allele for the overall
population (Dong et al. 2016). The PD-1.9 polymorphism is
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Table 2 PD-1 SNPs and susceptible cancers

Cancer SNP Effect/association Location Probable Population Ref.
function
Non-small cell lung cancer PD-L1 (A/C) Significant Intron4  Unknown Chinese (Chen et al. 2014)
PD-1.1 (G/A) Significant Promoter Higher Japan (Sasaki et al. 2014)
expression
PD-1.5 (C/T) Significant Exon5  Altered Chinese (Yin et al. 2014)
expression
PD-L1 (A/C) Significant Intron Unknown Chinese (Ma et al. 2015)
Cervical cancer PD-1.5 (C/T) Significant Exon5  Altered Chinese (Li et al. 2016)
expression
PD-1.5 (C/T) Significant Exon5  Altered Swedish  (Ivansson et al. 2010)
expression
Breast cancer PD-1.3 (G/A), PD-1.5  Not significant - - Iranian (Haghshenas et al.
(C/T) 2011)
PD-1.1 (G/A), PD-1.5  Not significant, — — Chinese (Hua et al. 2011)
(C/T) significant - -
Colon cancer PD-1.5 (C/T) Significant Exon5  Altered Iranian (Mojtahedi et al. 2012)
expression
PD-1 (C/T) Not significant - - Chinese (Ge et al. 2015)
PD-1.3 (A/G) Significant Intron 4 Altered Iranian (Yousefi et al. 2013)
expression
Gastric and digestive system  PD-1.5 (C/T) Significant Exon5  Altered Chinese (Mamat and Arkinjan
cancer expression 2015)
PD-1.5 (C/T) Significant Exon5  Altered Iranian (Savabkar et al. 2013)
expression
PD-1.9 (C/T) Significant Exon5  Altered activity Chinese (Tang et al. 2015)
PD-1 rs10204525 (A/G) No correlation 3.UTR -
PD-1 rs7421861 (T/C)  No correlation Intron1 -
Hepatocellular carcinoma PD-1.3 (A/G) Not significant Intron4 - Turkish (Bayram et al. 2012)
(HCC)
Esophageal cancer PD-1 1510204525 (A/G) Significantly 3'-UTR  Unknown Chinese (Qiu et al. 2014)
decreased
Gestational trophoblastic PD-1.5 (C/T) Significant Exon5  Altered Iranian (Dehaghani et al. 2009)
diseases expression
Gastric cardia adenocarcinoma rs2227982 Significant Exon5  Altered activity Chinese (Tang et al. 2015)

located in exon 5 (+7625 G/A) and therefore supposed to have
a role in the splicing of the gene transcript. This is a non-
synonymous SNP of PD-1, causing the amino acid substitu-
tion from valine (V) to alanine (A) during protein synthesis,
which probably leads to structural and practical variations of
PD-1 (Dong et al. 2016; Mamat and Arkinjan 2015). A recent
study indicated a significant association between PD-1.9
(C/T) and gastric and digestive system cancers in a Chinese
population (Zhou et al. 2016).

The PD-1 rs7421861 SNP is located in intron 1, where
numerous regulatory elements and splicing control elements
exist. A mutation in these sequences can cause interruption in
the splice site, translational suppression, and even modifica-
tion of the secondary structure of mRNA. Hence, the PD-1
rs7421861 SNP may induce aberrant splicing and further con-
sequence to translational prevention (Tang et al. 2015). Recent
reports revealed that PD-1 7421861 T > C was not involved in
altering the risk of breast cancer and esophageal carcinoma

(Tang et al. 2015). No associations have been found between
cancer risks and the PD-1.9 (rs2227982) or PD-1 rs7421861
SNP in all genetic models and alleles (Dong et al. 2016).
Complementary investigations revealed an association be-
tween a PD-1 1rs2227982 polymorphism and reduced breast
cancer risk, particularly in HER-2-positive breast cancer pa-
tients (Dong et al. 2016; Ren et al. 2016). The rs2227982
polymorphism has also been reported to increase susceptibil-
ity to gastric cardia adenocarcinoma in a Chinese population
(Tang et al. 2015).

Therapeutic potentials of blocking PD-1 and its ligands
in cancers

Growing evidence suggests that tumor cells can silence the
immune system by expressing PD-L1 (Yang et al. 2008b).
Accordingly, interactions in this way could improve the effec-
tiveness of T cells in helping to eliminate tumors (Blank et al.
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2004). On the other hand, tumor cells can suppress interleukin
(IL)-2 production in T cells by expressing PD-L1 (Yang et al.
2008b). Several studies showed that targeting PD-L1 with a
specific antibody could be a practical tool to interfere with
tumor growth (Brahmer et al. 2012; Hamid et al. 2013b;
Herbst et al. 2014; Lipson et al. 2013). Promising early clin-
ical results demonstrated efficacy in targeting the PD-1/PD-L1
pathway in cancer immunotherapy (Topalian et al. 2012a).
One pre-clinical study showed that a blockade of PD-L1
using monoclonal antibodies led to infiltration of CD8" T cells
into the tumor microenvironment and increased antitumor ef-
fects in a murine model of pancreatic cancer (Nomi et al.
2007). Antibody blocking of PD-L1 also seemed to help the
tumor regression (an objective response rate of 6—17% was
observed) and prolonged disease stabilization (rates of 12—
41% at 24 weeks was observed) in patients with melanoma,
NSCLC, and renal cell cancer (Brahmer et al. 2012). Although
interfering in one specific pathway may not be the efficient
and sufficient way to control tumor progression, studies in the
combination therapy field have shown that simultaneously
blocking of PD-1 and other inhibitory receptors achieved bet-
ter effects during treatment of cancers (Pardoll 2012).
Combination of PD-L1 monoclonal antibody with
gemcitabine (currently the standard chemotherapeutic agent
for pancreatic cancer) shows promising synergistic antitumor
effects in pancreatic cancer treatment (Nomi et al. 2007).
Pharmaceutical companies are taking the advantage of PD-1
pathway capabilities for producing monoclonal PD-1 receptor
or its specific ligands antibody that block the PD-1 system and
prevent the immune system escaping by tumor cells (Fig. 3)
(Dolan and Gupta 2014; Hamid et al. 2013a; Taube et al.
2014; Topalian et al. 2014). Pidilizumab, nivolumab, AMP-
24, and lambrolizumab as PD-1 receptor antibodies, and also
BMS-936559 and MPDL3280A as specific ligand antibodies

(Pedocem et al. 2014) are among these drugs. All in all, the
promising results have been observed for these drugs and
increased hopes for future effective treatments (Table 3).

Therapeutic prospects through PD-1 and inhibition of cell
cycle

Progression of cell cycle is a narrowly and rigidly controlled
procedure that relies on the expression and activation of both
positive and negative regulators of the cell cycle equipment.
PD-1 can block the cell cycle in the G phase through inter-
fering with these regulators (Patsoukis et al. 2012b). Cyclin-
dependent kinases (CDKs) are a protein kinases family in-
volved in regulating the cell cycle, mRNA processing, and
transcription (Morgan 2007). Inhibition of CDKs (by CDK
inhibitors such as p27, p21, and p15) regulates cell cycle pro-
gression (Sherr and Roberts 1999). Recent researches suggest
that selective interruption in cell cycle regulation could be one
of the potential targets for anti-cancer medication (Rossi et al.
2006; Williams and Stoeber 2012).

Investigations showed that PD-1 is able to inhibit prolifer-
ation of T cells by suppressing the expression of the Cdc25A-
encoding gene (CDK-activating phosphatase) and upregulat-
ing that of p27 and p15 (CDK inhibitors) (Patsoukis et al.
2012b). In another study, highly purified human CD4* T cells
were used to determine PD-1 signaling effects on cell cycle
progression. Results showed that PD-1 signaling suppressed
transcription of SKP2 and, therefore, inhibited cell cycle pro-
gression at the Gy phase (Patsoukis et al. 2012a). SKP2 en-
codes a component of ubiquitin ligase SCFSkp2 which de-
grades p27kipl (an inhibitor of CDK) (Carrano et al. 1999).
Thus, when T cell stimulation occurs through PD-1 signaling,
phosphorylation of two critical substrates of CDK is inhibited;
hence, activation of CDKSs is not occurred (Patsoukis et al.
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Table 3  PD-1/PD-L1 checkpoint targets in cancer immunotherapy

Drug Target Function Indication Objective response rate * Ref.
Nivolumab PD-1  Inhibitory receptor Metastatic melanoma, NSCLC, 18% (NSCLC); 28% (Brahmer et al. 2012)
(BMS-936558; RCC (renal cell carcinoma) (melanoma); 27% (RCC)
ONO-4538;
MDX-1106)
Lambrolizumab NSCLC, RCC, melanoma, triple-negative ~ N.A. (Carosella et al. 2015)
(MK-3475) breast cancer, metastatic bladder cancer,
head and neck cancer
Pidilizumab Diftuse large B cell lymphoma (DLBCL), 70% (DLBCL) (Carosella et al. 2015)
(CT-011) multiple myeloma, colon cancer, acute
leukemia, pancreatic and bladder cancers
AMP-224 Solid tumors, cutaneous T cell lymphoma  N.A. (Carosella et al. 2015)
BMS-936559 PD-L1 Ligand for PD-1 ~ NSCLC, melanoma, RCC, pancreatic, 10% (NSCLC); 17% (Brahmer et al. 2010)
(MDX-1105) gastric, and breast cancers (melanoma); 12% (RCC)
RG7446/MPDL3280 Bladder cancer, NSCLC N.A. (Carosella et al. 2015)
MEDI4736 (B7-H1%) NSCLC N.A. (Carosella et al. 2015)

N.A. not available
* Progression-free survival endpoint
®B7 homology 1, PD-L1

2012a). It was also demonstrated that suppression of SKP2
transcription occurred through inhibition of PI3K-Akt
(phosphoinositide-3-kinase—Akt) and MEK-ERK (MEK-ex-
tracellular signal-regulated kinase) pathways (Patsoukis et al.
2012a). As known, PD-1 signaling during T cell activation can
inhibit IL-2 production and, consequently, IL-2 is not able to
activate the Akt signaling pathway (Francisco et al. 2009;
Freeman et al. 2000; Latchman et al. 2001). Thus, PD-1 plays
a selective role in Akt and MEK-ERK signaling pathways
(only restored activation of MEK-ERK signaling) that leads
to suppression of SKP2 transcription. PD-1 can also increase
its activity by inhibiting the phosphorylation of Smad3 (a
transcription factor) (Patsoukis et al. 2012a).

Increased susceptibility to tumors has been shown to arise
from suppression of Smad3 expression (Han et al. 2004).
Induced Gl-phase arrest can occur due to apoptosis in human
cancer cells (Ueno et al. 1997), contributing to antitumor effects
and inhibition of cell proliferation (Li et al. 2010; Yang et al.
2008a). Another study on murine cell lines have reported that
interactions between PD-1 and PD-L can lead to hindrance of
cell cycle in Go/G; and recruitment of SHP-2 (Latchman et al.
2001). SHP-2 is cytoplasmic tyrosine phosphatase and has a
critical role in mediating cell proliferation and differentiation.
Although this tyrosine phosphatase is important for transducing
signal between the cell surface and the nucleus (QU 2000), reg-
ulation of cell spreading, migration, and focal adhesion is also
mediated by SHP-2 (Yu et al. 1998). SHP-2 is able to promote
Ras activation and play a key role as a proto-oncogene product
(Matozaki et al. 2009). In addition, Latchman et al. showed that
both PD-L2-PD-1 and PD-L1-PD-1 signals blocked the cell
cycle progression, which led to inhibition of T cell proliferation
but no increase in cell death (Latchman et al. 2001).

Conclusion and perspective

Association of gene polymorphisms in PD-1 with cancer sus-
ceptibility has drawn attentions toward implementing this
molecule for anti-cancer therapy. Combining the anti-PD-1
therapeutics and current cancer treatments provides a promis-
ing era in this way. Currently available cancer therapies that
can be contributing to get better results are mainly chemother-
apy, cancer vaccination, irradiation, in vitro expansion of
tumor-specific T cell clones, cytokine therapy, among others.
In the other viewpoint, in which interferon (IFN)-x triggers
unnecessary PD-1 expression resulting in diminished antitu-
mor activity of IFN-«, combining the PD-1 blockade to this
therapy compensated drawbacks of IFN-« (Terawaki et al.
2011). On the other side, combinational therapy of PD-1 and
anti-CTLA-4 led to promotion in amelioration of patients with
melanoma that was higher than the efficacy of each therapy
alone (Wolchok et al. 2013). Currently, there is no doubt that
combining the anti-PD-1 therapy with the blockade of other
immune inhibitory pathways culminates in accumulated effi-
cacy with elevated immune reaction against a tumor cell.
However, reducing the adverse immune response in the pa-
tients should be noted. The most common side-effects of anti-
PD-1 therapy comprise skin rash (Topalian et al. 2012b), type
I diabetes (Hughes et al. 2015), myasthenia gravis (Loochtan
et al. 2015), interstitial pneumonitis (Topalian et al. 2012b),
and intestinal inflammation (Topalian et al. 2012b), or death in
intense but rare cases. Immune system status as well as the
genetic background are the most important factors to impress
the final response circumstance of the patients with anti-PD-1
therapy. Furthermore, PD-1 application needs screening to
obtain an optimized immune response as well as to prevent
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tissue damage under specific conditions like infection. By
advancements in the technologies of efficient antibody pro-
duction against PD-1 as well as sufficient clinical investiga-
tions, hopefully satisfactory results in a favorable therapy for
the anti-cancer immunotherapy will occur.
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