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Immunomodulatory signals regulate the self-tolerance, activation, priming and survival processes of T cells.
Programmed cell death protein 1 (PD1), Programmed death-ligand 1 (PD-L1) inhibitory signals and CD27, CD28
costimulators have been detected for many solid organ cancers in tumor-infiltrating T cells. It was aimed to
investigate the immune cell-based regulatory genetic variants in laryngeal squamous cell carcinoma (LSCC) in
terms of clinicopathological features. Genotyping was performed by PCR-RFLP method for PD-1 rs2227981, PDL1 rs2890658, CD28 rs3116496, CD27 rs2267966 genetic variants from genomic DNAs extracted from periph
eral blood samples in One Hundred Thirty-Six individuals (Sixty-one LSCC and seventy-five controls). Analysis of
SNPs was carried out according to multiple inheritance models (co-dominant, dominant, recessive, overdominant and log-additive). There was no difference between LSCC and control groups in genotype/allele dis
tribution for PD-1 and PD-L1 (p > 0.05). In the PD-1 overdominant model, the CT genotype was found to be high
(p = 0.036) in those without a family history. The frequency of C allele (AC+CC) in the PD-L1 dominant model
was higher in alcohol users and those with reflux (p = 0.024; p = 0.001 respectively). In the Dominant model for
PD-L1, the AA genotype was lower in moderately and well-differentiated tumors than in poorly differentiated
tumors (p = 0.02). CD27 AT and CD28 CT genotypes were found to be higher in LSCC patients compared to the
control group (p = 0.009; p = 0.01 respectively), while linkage disequilibrium (LD) was detected between CD27
and CD28 (p = 0.02). In the CD28 dominant model, C allele (CT+CC) carriage was found to be high in those with
family history and in those without reflux and perineural invasion (p = 0.01; p = 0.01; p = 0.03 respectively). In
LSCC, PD-L1 rather than PD-1 has a prognostic effect in terms of clinicopathology, and the LD and clinico
pathological relationships detected between CD28 and CD27 genotypes suggest that the hereditary immune
checkpoint-dependent T cell traffic may be pathophysiologically important.

1. Introduction
Programmed cell death protein 1 (PD1) is a negative regulatory
checkpoint inhibitor protein that is expressed more on tumor-infiltrating
CD8(+) T cells than on B cells and monocytes. Although PD-1, which is

expressed against most stimuli that under normal conditions, plays a
critical role in the termination of the immune response, it causes an
insufficient response of the T cell due to long-term exposure to antigen in
chronic diseases such as cancer [1]. PD-1 expression in the activated T
cell results from the induction of proinflammatory programmed
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Abbreviations: ‘’◦ C’’ symbolizes centigrade. ‘’bp’’ is the base pair.

Eco 47II
148
TTTTCTGGGTAAGAGAAGCAGCGC
CD28
rs 3116496

GAACCTACTCAAGCACCTACTCAAGGATGGGGG

62 ◦ C

BccI
325
55 ◦ C
CCCAGCAGCTTCTTTAAC
CD27 rs 2267966

GTCAAAGAGAGAATGTCAAAGG

BANII
513
59 ◦ C
AATGGCTTGTTGTCAGAGATG
PD-L1 rs 2890658

GTACCACATGGAGTGGCTGC

Forward primer sequence (5′ – 3′ )
GGACAGCTCAGGTAAGCAG
Gene Polymorphisms
PD-1 rs 2227981

Table 1
PCR-RFLP conditions.

Reverse primer sequence (5′ – 3′ )
AAGAGCAGTGTCCATCCTCAG

Annealing temperature
58 ◦ C

Amplified fragment size (bp)
213

Restriction enzyme
PvIII

Fragment size after digestion (bp)
213 bp CC
157–56 bp TT
213–157–56 bp CT
533 bp AA
326–130–97 bp CC
553–326–130–97 bp AC
325 bp AA
325–187–139 bp AT
187–139 bp AT
148 bp CC
148–126–22 bp CT
126–22 bp TT

death-ligand 1 (PD-L1) signals. The balance of this co-expression regu
lates T cell self-tolerance and the resolution process of inflammation [2].
PD-1 expression in the activated T cell results from the induction of
proinflammatory PD-L1 signals. The balance of this co-expression reg
ulates T cell self-tolerance and the resolution process of inflammation
[2]. It supports the modulation process of effector T cells (Teff),
although the function of the T cell is impaired by the PD-L1 signal. The
PD-L1/PD-1 interaction reactivates antibody neutralization and cyto
toxic T cell-mediated death of tumor cells. Possible imbalance in this
co-expression is a critical mechanism for cancer cells to evade the im
mune response [3].
CD28 and CD27, which are positive inducers of the T-cell receptor
(TCR) signaling on T cell, are expressed differently compared to tissue
ligation. Thus, T cell preparation, activation and survival processes are
modulated. Expressed in approximately 80% of CD4(+) T cells and 50%
of CD8(+) T cells, the signal of CD28 can be directly suppressed by
phosphorylation by PD-1 [4]. CD27 expressed from effector and naive T
cells contributes to T cell differentiation processes through its ablation
with CD70. While this signaling leads to optimal anti-tumor response,
continuous CD27 signaling predisposes to tumor progression due to T
cell depletion and Treg survival being affected [5]. Similarly, in chronic
diseases such as cancer, the increase in PD-1 and CTLA-4 expression due
to excessively repeated TCR signals causes downregulation of CD28,
thus increasing tumor malignancy [6].
In the flow cytometry evaluation of cases with respiratory papilloma,
high PD-1 expression was detected in CD4(+) T cells, while higher PDL1 expression was detected in papilloma tissue compared to normal
larynx tissue [7]. Similarly, in the immunohistochemical (IHC) evalua
tions of cases with nasopharyngeal tumors, high PD-1 expression was
detected in CD8 (+) T cells, but no clinicopathological correlation was
detected [8]. A positive correlation and dynamic tumor microenviron
ment were observed between high PD-1 level and tumor progression in
laryngeal squamous cell carcinoma (LSCC) [9]. In the in situ hybridi
zation evaluations of LSCC cases, HPV and PD-L1 positive cases were
found to have better survival than the other two combinations [10].
While PD-L1 level was found to be higher than tumor-free surrounding
tissue in IHC evaluations, it was also found to be associated with cancer
stage, histological differentiation and lymph metastasis [11]. Higher
PD-L1 mRNA level and correlation with tumor infiltrating lymphocyte
density were found in LSCC tumors compared to tumor-free surrounding
tissue [12].
PD-1 and PD-L1 gene polymorphisms have been associated with nonsmall cell lung, cervix, breast, colon and gastrointestinal cancers [13]. In
the meta-analysis results of PD-1 rs2227981, which is the most
frequently examined in the literature, its relation with general cancer
risk was not found, but T allele and CT genotype carriage was found to
be a risk factor for digestive system tumors[14]. Carriage of C allele was
found to be associated with non-small cell lung cancer, and CT genotype
carriage was associated with colon and gastric cancer [15,16]. It has
been observed that there is limited data in the literature reviews we have
done in larynx or head and neck cancers (HNC) regarding the PD-1
rs2227981 and PD-L1 rs2890658 variants that we examined in our
study. No significant difference was found between head and neck
squamous cell carcinomas (HNSCC) group and the control group of PD-1
gene variants, including rs2227981. On the other hand, haplotypes
created from these variants are significantly higher in the patient group
than in the control group [17]. For PD-L1 rs2890658, the AC genotype
was associated with breast cancer and esophageal squamous cell carci
noma, while the CC/AA genotypes were associated with higher survival
in hepatocellular carcinoma and non-small cell lung cancer [18–21].
Peripheral blood flow cytometry results in laryngeal carcinoma show
that CD28 level is lower in the preoperative period compared to the
postoperative period and control group [22]. It has been determined
that CD8(+) CD28(+) T cells and CD4 (+) CD28(+) T cells are low in
HNC [6,23]. Correlation of CD28(+) T cell and Treg ratio with treatment
response and high pd-1 expression were detected in patients with HNC
2
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Fig. 1. Detection of PRC-RFLP products by agarose gel electrophoresis for genotyping PD-1(a), PD-L1(b), CD27(c) and CD28(d).

[24]. In IHC evaluations, CD70 expression was correlated with tumor
differentiation and tumor infiltrating lymphocyte density [25]. While
CD27 expression was not detected in tumor tissue in 67 HNSCC cases, its
expression was detected in the tumor microenvironment, and CD27
levels were significantly decreased after chemotherapy compared to
before [26].
It is seen that CD27 gene polymorphisms have not been examined in
the literature both in laryngeal or head and neck cancers, and in cancers
in general, except for the study of Xu et al. In this study, the AT genotype
of CD27 rs2267966 was found to be a risk-reducing factor in breast
cancer, with a high frequency in the estrogen/progesterone negative and
without lymphatic metastasis groups [27]. Although CD28 gene poly
morphisms are widely studied in solid cancers, there are limited number
of studies in laryngeal or head and neck cancers. The meta-analysis re
sults of studies for rs3116496 on breast cancer, hepatocellular carci
noma, non-small cell lung cancer, and renal cell carcinoma generally
showed that the frequency of T allele in cancers was lower than the
frequency of C allele. It has been determined that this difference is not
particularly important for the Asian population, but not for the Euro
pean population [28]. Apart from the study in which combined geno
types including GT genotype for CD28 rs3116487 variant in oral cavity
squamous cell carcinoma were associated with disease risk [29], no
study was found in the literature for intronic variant CD28 rs3116496
and other CD28 variants in LSCC.
We aimed to examine the relationship between genotypes and hap
lotypes of PD-1, PD-L1, CD28, CD27 as T cell regulatory polymorphisms,
disease risk and clinicopathological factors, since studies of immuno
therapy and tumor microenvironment cancer biology in LSCC are
limited in the literature.

generation cancer history. Smoking, alcohol, family history of cancer
and reflux findings of the patients included in the study were collected.
Among the clinicopathological parameters, TNM staging of larynx
(AJCC 8th edition), perineural invasion, and differentiation information
were collected retrospectively.
2.2. Genotyping
A spin column based kit was used for DNA isolation (Qiagen DNeasy
Blood Kit, USA). In accordance with the kit procedure, 20 μl proteinaseK and 200 μl lysis buffer were applied to 100 μl peripheral blood sample
and incubated at 56 ◦ C for 10 min. After incubation, 200 μl of absolute
ethanol was added and homogenized by vortex. After the homogenate
was transferred to the spin column, it was centrifuged at 8000 rpm for 1
min. Alcohol-based washing solutions included in the spin column kit to
which DNA was attached were added twice and centrifuged for 2 min,
first at 8000 rpm and then at 14,000 rpm. In order to dissolve the DNA
from the spin column, 100 μl elution buffer was left for 2–3 min at room
temperature before treatment. Spectrophotometric measurement was
performed in A260/A280 for the determination of DNA quality and
quantity of the isolate, which was centrifuged at 8000 rpm for 2 min
after the elution buffer.
The PCR reaction mixture contained 150 ng DNA template, 10 pM/μl
from forward and reverse primers, 1.75 mM MgCl2, 50 mMKCl, 10 mM
Tris-HCl[pH 8.4], 600 μM dNTP (iNtRON Biotechnology Co., Korea) and
0.06 unit Taq DNA polymerase (iNtRON Biotechnology Co., Korea). The
PCR conditions were determined as first denaturation at 95 ◦ C for 5 min,
35 cycles at 94 ◦ C for 45 s, (55–62)◦ C for 45 s, 72 ◦ C for 45 s, and a final
extension at 72 ◦ C for 5 min. After preparing a 2% agarose gel with
Ethidium Bromide using TAE for the verification of PCR products and
evaluation of the restriction enzyme cleavage products, 30 min hori
zontal electrophoresis was performed by calculating the power as 4–10
volts/cm for each sample by using UV transilluminator. Detailed infor
mation on PCR-RFLP conditions and band evaluation are given in
Table 1 and Fig. 1.

2. Material and methods
2.1. Patients
The study design, protocols and informed consent was approved by
both the Haydarpasa Numune Hospital Clinical Research Ethics Com
mittee (Decree No. HNEAH-KAEK- 2017/KK/06). While the patient
group was formed with LSCC patients from Haydarpaşa Numune Hos
pital Otorhinolaryngology/Head and Neck Surgery Clinic with HPV
negative (HPV positives excluded) and pre-treatment period, the control
group was selected from healthy individuals who did not have a three-

2.3. Statistics
The Hardy–Weinberg equilibrium (HWE) and linkage disequilibrium
(LD) in sex and age-adjusted controls and LSCC and the test for associ
ation (odds ratios (ORs) with the respective 95% confidence intervals
3
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Table 2
Distribution of genotypes of PD-1, PD-L1, CD28 and CD27 in LSCC and control groups according to genetic models.
Logistic regression (Gender anda age adjusted)
Genetic Model
PD-1
Codominant
Dominant
Recessive
Overdominant
Log-additive
PDL1
Codominant
Dominant
Recessive
Overdominant
Log-additive
CD28
Codominant
Dominant
Recessive
Overdominant
Log-additive
CD27
Codominant
Dominant
Recessive
Overdominant
Log-additive

Genotype

LSCC

Control

OR (95% Cl)

P-Value

AIC

BIC

C/C
C/T
T/T
C/C
C/T-T/T
C/C-C/T
T/T
C/C-T/T
C/T
–

21 (34.4%)
33 (54.1%)
7 (11.5%)
21 (34.4%)
40 (65.6%)
54 (88.5%)
7 (11.5%)
28 (45.9%)
33 (54.1%)
–

32 (42.7%)
32 (42.7%)
11 (14.7%)
32 (42.7%)
43 (57.3%)
64 (85.3%)
11 (14.7%)
43 (57.3%)
32 (42.7%)
–

1.00 (Referance)
0.59 (0.26–1.31)
1.12 (0.35–3.62)
1.00 (Referance)
0.68 (0.32–1.45)
1.00 (Referance)
1.51 (0.51–4.45)
1.00 (Referance)
0.57 (0.27–1.20)
0.91 (0.53–1.56)

0.32

168.9

180.6

0.31

168.2

176.9

0.46

168.7

177.4

0.13

167

175.7

0.73

169.1

177.8

A/A
A/C
C/C
A/A
A/C-C/C
A/A-A/C
C/C
A/A-C/C
A/C
–

22
28
11
22
39
50
11
33
28
–

(36.1%)
(45.9%)
(18%)
(36.1%)
(63.9%)
(82%)
(18%)
(54.1%)
(45.9%)

20 (26.7%)
45 (60%)
10 (13.3%)
20 (26.7%)
55 (73.3%)
65 (86.7%)
10 (13.3%)
30 (40%)
45 (60%)
–

1.00 (Referance)
0.98 (0.42–2.27)
0.87 (0.29–2.61)
1.00 (Referance)
0.94 (0.43–2.08)
1.00 (Referance)
0.88 (0.33–2.38)
1.00 (Referance)
1.02 (0.48–2.19)
0.94 (0.55–1.60)

0.97

171.1

182.8

0.89

169.2

177.9

0.8

169.2

177.9

0.95

169.2

177.9

0.82

169.2

177.9

T/T
C/T
C/C
T/T
C/T-C/C
T/T-C/T
C/C
T/T-C/C
C/T
–

29 (47.5%)
27 (44.3%)
5 (8.2%)
29 (47.5%)
32 (52.5%)
56 (91.8%)
5 (8.2%)
34 (55.7%)
27 (44.3%)
–

44 (58.7%)
14 (18.7%)
17 (22.7%)
44 (58.7%)
31 (41.3%)
58 (77.3%)
17 (22.7%)
61 (81.3%)
14 (18.7%)
–

1.00 (Referance)
0.44 (0.19–1.03)
2.49 (0.78–7.96)
1.00 (Referance)
0.77 (0.37–1.61)
1.00 (Referance)
3.40 (1.11–10.44)
1.00 (Referance)
0.36 (0.16–0.82)
1.17 (0.71–1.94)

0.013

162.5

174.2

0.49

168.7

177.5

0.025

164.2

172.9

0.013

163.1

171.8

0.54

168.8

177.6

A/A
A/T
T/T
A/A
A/T-T/T
A/A-A/T
T/T
A/A-T/T
A/T
–

22 (36.1%)
38 (62.3%)
1 (1.6%)
22 (36.1%)
39 (63.9%)
60 (98.4%)
1 (1.6%)
23 (37.7%)
38 (62.3%)
–

37 (49.3%)
23 (30.7%)
15 (20%)
37 (49.3%)
38 (50.7%)
60 (80%)
15 (20%)
52 (69.3%)
23 (30.7%)
–

1.00 (Referance)
0.49 (0.22–1.08)
8.28 (0.97–70.43)
1.00 (Referance)
0.71 (0.34–1.51)
1.00 (Referance)
12.14 (1.48–99.41)
1.00 (Referance)
0.37 (0.17–0.79)
1.20 (0.67–2.15)

0.002

158.8

170.4

0.38

168.4

177.2

0.0023

159.9

168.7

0.0098

162.5

171.3

0.53

168.8

177.6

Description: AIC: Information criteria of Akaike; BIC: Information criteria of Bayesian.

(CIs)) were calculated with the SNPStats (Catalan Institute of Oncology,
Barcelona, Spain) software, assuming genetic models (co-dominant,
dominant, recessive, over-dominant) with the C allele as the reference
allele. To confirm the significant data detected in SNPStats, the rela
tionship between categorical variables and genotypes was evaluated
with Chi-Square or Fisher’s exact test using IBM SPSS Statistics software
25.0. Student’s t-test for numerical variables was performed using SPSS
Statistics software 25.0. A value of 0.05 was set as the threshold for all
statistical significance.

overdominant model compared to the control (p = 0.01). A significant
difference was found between genotypes in the codominant model for
CD27 (p = 0.002). In the recessive model for CD27, the TT genotype was
found to be higher in the control group compared to the AA/AT geno
types (p = 0.0023). In the overdominant model for CD27, the AT ge
notype was found to be higher in the patient group than in the control
group according to the AA/TT genotypes (p = 0.009).
All SNPs were found for LD (linkage disequilibrium) and haplotype
analysis had the highest frequency for CCTA (PD-1/PD-L1/CD28/CD27)
haplotype in the patient group (Patients frequency: 0.1419), with the
highest frequency for TATA (PD-1/PD-L1/CD28/CD27) haplotype in the
control group (Controls frequency: 0.1038). Non random association
(LD) of alleles was detected between CD27 and CD28 (χ2 = 5.169;
p = 0.02). For all genotypes, the CCCA (PD-1/PD-L1/CD28/CD27)
haplotype was not detected in the patient group, while it was detected at
a frequency of 0.07 in the control group (OR: 9.66 (1.08–86.18)),
(p = 0.04). The relevant analyzes are shown in Fig. 2.
Statistically significant genetic model distributions for PD-1 ac
cording to clinical and histopathological features are shown in Table 3.
In the overdominant model for PD-1, the CT genotype was found to be
higher than the CC/TT genotypes in the group without family history
(p = 0.036).

3. Results
While the mean age in LSCC was 62.22 ± 7.8 years, the mean age in
the controls was 61.19 ± 7.6 years. The genotype distributions of PD-1,
PDL-1, CD28 and CD27 according to the genetic models compared to the
LSCC and control groups are shown in Table 2. No significant difference
was found between LSCC and control groups for PD-1 and PDL-1 in all
genetic models (p > 0.05). A significant difference was found between
genotypes in the codominant model for CD28 (p = 0.013). In the
recessive model for CD28, the CC genotype was found to be higher in the
control group than in the patient group according to TT / CT (p = 0.02).
For CD28, it was found to be higher in the CT patient group in the
4
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Fig. 2. Linkage disequilibrium and haplotyping between patient and control groups.

The distribution of genetic patterns according to statistically signif
icant clinical and histopathological findings for PD-L1 is shown in
Table 4. In the dominant model for PDL-1, it was determined that the
carriers of AC and CC genotypes were higher in patients with alcohol use
than in patients without alcohol use compared to AA genotype
(p = 0.024). A significant difference was found between genotypes in
the codominant model for reflux (p = 0.01). In the dominant model, AC
and CC genotypes were found to be higher in patients with reflux
compared to AA genotypes (p = 0.002). In the overdominant model, AC
genotype was found to be higher in patients with reflux compared to AA
and CC genotypes compared to those without a history of reflux
(p = 0.01). In the dominant model, the AA genotype was lower in
moderately and well differentiated tumors than in poorly differentiated
tumors (p = 0.02).
In the Codominant model for CD28, there was a significant difference
in genotype distribution in those with a family history (p = 0.04). In the
dominant model, CC / CT genotypes were found to be higher in those
with a family history compared to the TT genotype (p = 0.01). In the
overdominant model, CT genotype was found to be higher in patients
with a family history compared to TT and CC (p = 0.02). There was a
significant difference between genotypes for reflux history in the
codominant model (p = 0.04). In the dominant model, on the other
hand, CT and CC genotypes were found to be higher in TT genotypes
than in those without a history of reflux (p = 0.01). In the overdominant
model, the CT genotype was found to be higher in the TT and CC ge
notypes than in those without a history of reflux (p = 0.01). In the
dominant model for perineural invasion, the carriage of CC and CT ge
notype was found to be higher than those without perineural invasion
according to the TT genotype (p = 0.03). Significant data for CD28 are
shown in Table 5. There was no significant difference between clinical
and histopathological findings for CD27 genotypes (p > 0.05).

lymphocytes or cancer cells. Although it has been determined that the
combined use of anti-PD-1/PD-L1 therapy with antineoplastic or adju
vant therapy in head and neck cancers can increase the antitumoral
effect [30], hyperprogression in tumor growth kinetic [31], decreased
progression-free survival and re-increased PD-1 levels due to radio
therapy are important limitations [32]. In addition, there is evidence
that allele and genotype carriers for both somatic and germline gene
variants due to tumor heterogeneity may be associated with resistance
or response to anti-PD-1/PD-L1 therapy.
It shows that in head and neck cancers, PD-1 can be expressed in both
T cell and tumor cell origin (9–10). Similarly, there are studies showing
that PD-L1 expression is high in both tumor and tumor-free surrounding
tissue (11–12). Although a direct clinicopathological relationship with
PD-1 rs2227981 was not found in a limited number of studies examining
PD-1 and PD-L1 gene polymorphisms in HNC, a significantly higher
frequency is noted in the patient group compared to the control group in
the haplotypes it is included in (17). Similarly, in our study, although
there was no significant difference between the LSCC and control groups
in terms of genotype and allele distribution of PD-1 rs2227981, it was
shown statistically that the CT genotype was higher than other geno
types in those without a family history. In addition, the CCCA(PD-1/PDL1/CD28/CD27) haplotype, including the C allele of PD-1, was not
detected in LSCC, while the frequency was 0.07 in the control group, and
the difference was statistically significant. Considering that C allele
carrier is the ancestral allele, the CC genotype was observed as 34.4% in
LSCC and 42.7% in the control group in our study, and the results are
consistent with the literature. Although the significantly higher CT ge
notype compared to other genotypes we detected in LSCCs without a
family history was similarly not statistically significant, the high fre
quency of CT genotype compared to other genotypes in the advanced
stages of TNM stage, differentiation and perineural invasion, which we
presented in the supplementary data, drew our attention. CT suggests
that genotype carriage may be a critical part of the pathophysiological
process only for cases with sporadic LSCC.
The PD-L1/PD-1 interaction in cancer reactivates the cytotoxic T
cell-mediated death process of tumor cells. There is evidence that this
may cause an immunosuppressive effect in the dense T cell population
infiltrating the tumor focus (3,12). On the other hand, results in both
tumor and surrounding tissue reporting high expression of PD-L1 were
associated with good survival, but with an increase in advanced

4. Discussion
As a general approach, the state of immune mediators related to the
tumor and tumor microenvironment in LSCC, as in almost all cancer
types, contributes to supporting the antitumoral effect or tumor malig
nancy. After molecular characterization of PD-1 and PD-L1 in cancer,
anti-PD-1/PD-L1 therapy started to be used in solid organ cancers due to
the mechanics of blocking the immunomodulatory signal in
5

p*

AIC

BIC

0.11

78.7

85.1

11
(26.8%)
10(50%)

30
(73.2%)
10(50%)

C/T-T/T
0.077

p*
78.1

AIC
82.3

BIC

RECESSIVE

37
(90.2%)
17(85%)

C/C-C/T
4
(9.8%)
3(15%)

T/T
0.55

p*
80.8

AIC
85.1

BIC
15
(36.6%)
13(65%)

7(35%)

26 (63.4%)

C/T

OVERDOMINANT
C/C-T/T

0.036

p*

76.8

AIC

81

BIC

6
AIC

BIC

10(33.3%)
18(58.1%)

12(34.3%)
16(61.5%)

15(53.6%)
2(25%)

15(50%)
7(22.6%)

18(51.4%)
4(15.4%)

7(25%)
6/75%)

6(21.4%)
0(0%)

5(14.3%)
6(23.1%)

5(16.7%)
6(19.4%)

0.06

0.0011

0.068

36.3

80.3

85.2

41

86.6

91.5

7(25%)
6(75%)

18(51.4%)
4(15.4%)

15(50%)
7(22.6%)

A/A

p*

DOMINANT

C/C

A/A

A/C

CODOMINANT

PD-L1 (Gender and age adjusted)

21(75%)
2(25%)

17(48.6%)
22(84.6%)

15(50%)
24(77.4%)

A/C-C/C

0.01

0.0028

0.024

p*

35.5

78.3

83.5

AIC

38.7

82.5

87.7

BIC

22(78.6%)
8(100%)

30(85.7%)
20(76.9%)

25(83.3%)
25(80.7%)

A/A-A/C

RECESSIVE

6(21.4%)
0(0%)

5(14.3%)
6(23.1%)

5(16.7%)
6(19.4%)

C/C

0.068

0.38

0.78

p*

38.8

86.5

88.5

AIC

42

90.7

92.7

BIC

0.14

0.034

0.051

p*

15(53.6%)
2(25%)

12(34.3%)
16(61.5%)

10(33.3%)
18(58.1%)

13(46.4%)
6(75%)

23(65.7%)
10(38.5%)

20(66.7%)
13(41.9%)

A/C

OVERDOMINANT
A/A-C/C

40

82.7

84.7

AIC

43.2

86.9

89

BIC

Descriptions: Genetic models were statistically analyzed for all demographic and clinical parameters, and only significant ones were tabulated. Other reviews are provided as supplementary material. AIC: Information
criteria of Akaike; BIC: Information criteria of Bayesian, *: p-value.

ALCOHOL
Absent
Present
REFLUX
Absent
Present
DIFFERENTIATION
Well & Moderately
Poorly

MODEL

Table 4
Association of PD-L1 with alcohol, reflux and differentiation in different genetic models.

Descriptions: Genetic models were statistically analyzed for all demographic and clinical parameters, and only significant ones were tabulated. Other reviews are provided as supplementary material. AIC: Information
criteria of Akaike; BIC: Information criteria of Bayesian, *: p-value.

26
(63.4%)
7(35%)

4
(9.8%)
3(15%)

DOMINANT

T/T

C/C

C/T

CODOMINANT

C/C

PD1 (Gender and age adjusted)

FAMILY HISTORY
Absent
11
(26.8%)
Present
10(50%)

MODEL

Table 3
Relationship of PD1 with family history in the Overdominant model.
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3(25%)
9(75%)

25(51%)
66.4
62.2
0.13

5
(10.2%)
0(0%)
64.1

44
(89.8%)
12(100%)

2(7.7%)

59.8

85.6

67.1

20
(40.8%)
9(75%)

29
(59.2%)
3(25%)

0.031

81.4
0.015
23
(65.7%)
9(34.6%)
12
(34.3%)
17
(65.4%)

60.8

89.3

3(25%)

24(49%)

2(7.7%)

5
(10.2%)
0(0%)

0.057

83
0.044
20
(57.1%)
7(26.9%)

3(8.6%)

24(49%)

0.12

0.017
20
(57.1%)
7(26.9%)
15
(42.9%)
19
(73.1%)
91.4
87.2
0.9
3(8.6%)

32
(91.4%)
24
(92.3%)

2(10%)
2(10%)

Descriptions: Genetic models were statistically analyzed for all demographic and clinical parameters, and only significant ones were tabulated. Other reviews are provided as supplementary material. AIC: Information
criteria of Akaike; BIC: Information criteria of Bayesian, *: p-value.

62.1

85.8
81.6

80.2
76
0.022
14
(34.1%)
13(65%)
27
(65.8%)
7(35%)
85.3
81.1
0.72
3(7.3%)

38
(92.7%)
18(90%)
79.1
74.9
0.012
17
(41.5%)
15(75%)
24
(58.5%)
5(25%)
83.1
76.8
0.041
3(7.3%)

14
(34.1%)
13(65%)

BIC
AIC
p*
C/T
T/T -C/C

OVERDOMINANT

BIC
AIC
p*
C/C
RECESSIVE

T/T-C/T
BIC
AIC
p*
C/T-C/C

DOMINANT

T/T
C/T

C/C

p*

AIC

BIC
CODOMINANT

T/T

CD28 (Gender and age adjusted)
MODEL

Table 5
Association of CD28 in terms of family history, reflux and perineural invasion in different genetic models.
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FAMILY HISTORY
Absent
24
(58.5%)
Present
5(25%)
REFLUX
Absent
12
(34.3%)
Present
17
(65.4%)
PERINEURAL INVASION
Absent
20
(40.8%)
Present
9(75%)

histological stage and lymph node metastasis (9,10). In terms of gene
variants of PD-L1, there was no significant difference between the ge
notype distributions of PD-L1 rs2227981 in HNC [17], and in our study,
no significant difference was found between patients and controls for
PD-L1 rs2890658 in LSCC. Similarly, PD-L1 rs2890658 AC genotype,
which was shown as an independent risk factor in squamous cell car
cinoma of the esophagus [20], was observed in 45.9% of the patients in
our study in 60% of the controls, but no significant difference was found
between the groups. On the other hand, while the frequency of C allele
for PD-L1 rs2890658 was found to be high in the presence of alcohol use
and reflux, it was found that AA genotype carriage was high in cases
with advanced stage poorly differentiated tumors. In our study, in which
no significant difference was found for rs2890658 between the patient
and control groups in accordance with the literature, we found that the
frequency of C alleles was high in secondary factors in the etiopathology
of LSCC, such as reflux and alcohol use. In addition, AA genotype was
found to be significantly higher in advanced stage poorly differentiated
tumors. We think that the ancestral allele A for PD-L1 rs2890658 may be
part of the multigenic profile that may be disadvantageous in cancer cell
progression rather than being an initiating factor in the pathophysiology
of LSCC.
The T cell must receive secondary costimulatory stimuli such as
CD28, CD27 to escape anergy or apoptosis. Tumor-infiltrating T cells are
important histopathological and prognostic markers in head and neck
cancers as well as in many cancers [33]. When the status of cos
timulators was examined with the recently very popular and promising
CAR- T cell (antigen receptor modified t cells) therapy, more treatment
response was detected in the group with high CD28(-) CD(27(-) T cell
depletion [34]. In parallel with the finding that the AT genotype is
higher in breast cancer cases, which is the only data in the literature for
the CD27 rs2267966 variant, it was found to be higher in LSCC in the
codominant and overdominant models compared to other genotypes. No
significant difference of the variant related to clinicopathological pa
rameters was detected. This suggests that CD27 rs2267966 may be an
independent risk factor for LSCC rather than its significance in terms of
tumor histopathology or clinical findings. CD28 variants were found to
be higher in patients with oral cavity squamous cell carcinoma
compared to the control group [29], and in meta-analysis studies for
rs3116496, the T allele frequency was found to be low, especially in
Asian cancer patients [28]. In our study, it was determined that the CT
genotype for rs3116496 was higher in LSCC patients compared to the
control, and that C allele and CT carriage in the patient group might be
associated with family history, reflux and perineural invasion. The CT
genotype for CD28 rs3116496 was strongly associated with both disease
risk and clinicopathology, suggesting that this variant may be associated
with more T-cell costimulation processes in LSCC than in CD27.
Although gene variants and expression associations have not been
investigated in laryngeal or head and neck cancers, recent studies have
shown that PD-1 and PD-L1 gene mutations are directly or correlated
with protein expression in solid cancers such as esophagus [35,36].
While it was determined in studies that CD27 and CD28 expression was
higher and generally lower in tumor-free surrounding tissue in head and
neck cancers than in tumor tissue, the effect of gene variants on the level
was not examined.
HPV infection has been identified among the etiological factors in the
development of oropharyngeal cancer for years. However, there is
speculative information on whether HPV will play a role in the devel
opment of laryngeal cancer. Therefore, HPV is not routinely investigated
among risk factors for laryngeal cancer development. However, not
knowing the HPV status of the cases in our study can be said as a limi
tation factor.
In our presented study, HPV positive cases were not included due to
the one of etiological factor especially for oropharyngeal cancer and not
routinely examined as a risk factor in LSCC. We think that the findings of
these polymorphisms regarded T cell activation in LSCC for the first time
will contribute to research on tumor biology, immunotherapy and CAR

66.4
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T-cell therapy. Among the future goals of our study, in addition to these
data, the evaluation of other costimulators and coinhibitors in the ge
notype axis, their evaluation in terms of monitoring the treatment
response in the post-treatment period. In order to functionally evaluate
the genotype data to be obtained, tissue-specific protein levels will be
examined by immunohistochemistry, western blotting and soluble levels
will be determined by ELISA.

[12]

[13]

CRediT authorship contribution statement

[14]

Cem Horozoglu: Investigation, Formal analysis, Writing – review &
editing. Dilara Sonmez: Investigation, Writing – review & editing.
Seyda Demirkol: Investigation. Mehmet Tolgahan Hakan: Investiga
tion. Islim Kaleler: Investigation. Ceylan Hepokur: Investigation.
Aysegul Verim: Resources. Ilhan Yaylim: Conceptualization, Re
sources, Supervision, Formal analysis.

[15]

[16]

Acknowledgements

[17]

The present study was supported by a grant from the Scientific
Research Projects Coordination Unit of Istanbul University (BYP-201932095). We would like to thank Biruni University Faculty of Medicine
3th term students Mrs. Hazal Karadag and Mrs. Asli Yildiz who assisted
in tabulating the statistical data and drafting this manuscript.

[18]

[19]

Conflict of Interest
The authors declare that they have no competing interest.

[20]

Appendix A. Supporting information
Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.prp.2021.153665.

[21]

References

[22]

[1] T. Okazaki, T. Honjo, PD-1 and PD-1 ligands: from discovery to clinical application,
Int. Immunol. 19 (2007) 813–824, https://doi.org/10.1093/intimm/dxm057.
[2] L.M. Francisco, P.T. Sage, A.H. Sharpe, The PD-1 pathway in tolerance and
autoimmunity, Immunol. Rev. 236 (2010) 219–242, https://doi.org/10.1111/
j.1600-065x.2010.00923.x.
[3] M.J. Butte, M.E. Keir, T.B. Phamduy, A.H. Sharpe, G.J. Freeman, Programmed
death-1 ligand 1 interacts specifically with the B7-1 costimulatory molecule to
inhibit T cell responses, Immunity 27 (2007) 111–122, https://doi.org/10.1016/j.
immuni.2007.05.016.
[4] J.H. Esensten, Y.A. Helou, G. Chopra, A. Weiss, J.A. Bluestone, CD28
costimulation: from mechanism to therapy, Immunity 44 (2016) 973–988, https://
doi.org/10.1016/j.immuni.2016.04.020.
[5] C. Claus, C. Riether, C. Schürch, M.S. Matter, T. Hilmenyuk, A.F. Ochsenbein, CD27
signaling increases the frequency of regulatory T cells and promotes tumor growth,
Cancer Res. 72 (2012) 3664–3676, https://doi.org/10.1158/0008-5472.CAN-112791.
[6] T. Tsukishiro, A.D. Donnenberg, T.L. Whiteside, Rapid turnover of the CD8+CD28T-cell subset of effector cells in the circulation of patients with head and neck
cancer, Cancer Immunol. Immunother. 52 (2003) 599–607, https://doi.org/
10.1007/s00262-003-0395-6.
[7] L.J. Hatam, J.A. DeVoti, D.W. Rosenthal, F. Lam, A.L. Abramson, B.M. Steinberg, V.
R. Bonagura, Immune suppression in premalignant respiratory papillomas:
enriched functional CD4 +Foxp3 + regulatory T cells and PD-1/PD-L1/L2
expression, Clin. Cancer Res. 18 (2012) 1925–1935, https://doi.org/10.1158/
1078-0432.CCR-11-2941.
[8] M.C. Hsu, J.R. Hsiao, K.C. Chang, Y.H. Wu, I.J. Su, Y.T. Jin, Y. Chang, Increase of
programmed death-1-expressing intratumoral CD8 T cells predicts a poor prognosis
for nasopharyngeal carcinoma, Mod. Pathol. 23 (2010) 1393–1403, https://doi.
org/10.1038/modpathol.2010.130.
[9] J. Wang, L. Lun, X. Jiang, Y. Wang, X. Li, G. Du, J. Wang, APE1 facilitates PD-L1mediated progression of laryngeal and hypopharyngeal squamous cell carcinoma,
Int. Immunopharmacol. 97 (2021), 107675, https://doi.org/10.1016/j.
intimp.2021.107675.
[10] S.-M. Yang, M. Wu, F.-Y. Han, Y.-M. Sun, J.-Q. Yang, H.-X. Liu, Role of HPV status
and PD-L1 expression in prognosis of laryngeal squamous cell carcinoma, Int. J.
Clin. Exp. Pathol. 14 (2021) 107–115. 〈http://www.ncbi.nlm.nih.gov/pmc/arti
cles/pmc7847499/〉.
[11] D. Yu, J. Cheng, K. Xue, X. Zhao, L. Wen, C. Xu, Expression of programmed deathligand 1 in laryngeal carcinoma and its effects on immune cell subgroup

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]
[31]

8

infiltration, Pathol. Oncol. Res. 25 (2019) 1437–1443, https://doi.org/10.1007/
s12253-018-0501-x.
M. Vassilakopoulou, M. Avgeris, V. Velcheti, V. Kotoula, T. Rampias,
K. Chatzopoulos, C. Perisanidis, C.K. Kontos, A.I. Giotakis, A. Scorilas, D. Rimm,
C. Sasaki, G. Fountzilas, A. Psyrri, Evaluation of PD-L1 expression and associated
tumor-infiltrating lymphocytes in laryngeal squamous cell carcinoma, Clin. Cancer
Res. 22 (2016) 704–713, https://doi.org/10.1158/1078-0432.CCR-15-1543.
A. Salmaninejad, V. Khoramshahi, A. Azani, E. Soltaninejad, S. Aslani, M.
R. Zamani, M. Zal, A. Nesaei, S.M. Hosseini, PD-1 and cancer: molecular
mechanisms and polymorphisms, Immunogenetics 70 (2018) 73–86, https://doi.
org/10.1007/s00251-017-1015-5.
U. Mamat, M. Arkinjan, Association of programmed death-1 gene polymorphism
rs2227981 with tumor: evidence from a meta analysis, Int. J. Clin. Exp. Med. 8
(2015) 13282–13288. 〈http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4
612939/〉.
L. Yin, H. Guo, L. Zhao, J. Wang, The programmed death-1 gene polymorphism
(PD-1.5C/T) is associated with non-small cell lung cancer risk in a Chinese Han
population, Int. J. Clin. Exp. Med. 7 (2014) 5832–5836. 〈http://www.ncbi.nlm.ni
h.gov/pmc/articles/pmc4307562/〉.
S. Savabkar, P. Azimzadeh, V. Chaleshi, E. Nazemalhosseini Mojarad,
H. Asadzadeh Aghdaei, Programmed death-1 gene polymorphism (PD-1.5C/T) is
associated with gastric cancer, Gastroenterol, Hepatol. Bed Bench 6 (2013)
178–182. 〈http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4017527/〉.
F. Fathi, Z. Faghih, B. Khademi, T. Kayedi, N. Erfani, A. Gahderi, PD-1 haplotype
combinations and susceptibility of patients to squamous cell carcinomas of head
and neck, Immunol. Invest. 48 (2019) 1–10, https://doi.org/10.1080/
08820139.2018.1538235.
S. Karami, H. Sattarifard, M. Kiumarsi, S. Sarabandi, M. Taheri, M. Hashemi,
G. Bahari, S. Ghavami, Evaluating the possible association between PD-1
(Rs11568821, Rs2227981, Rs2227982) and PD-L1 (Rs4143815, Rs2890658)
polymorphisms and susceptibility to breast cancer in a sample of Southeast Iranian
Women, Asian Pacific, J. Cancer Prev. 21 (2020) 3115–3123, https://doi.org/
10.31557/APJCP.2020.21.10.3115.
X. Zhao, Y. Peng, X. Li, S. Zhang, Y. Peng, J. Shan, M. Li, N. Dai, Y. Feng, C. Xu,
D. Wang, The association of PD-L1 gene polymorphisms with non-small-cell lung
cancer susceptibility and clinical outcomes in a Chinese population, Int. J. Clin.
Exp. Pathol. 13 (2020) 2130–2136. 〈http://www.ncbi.nlm.nih.gov/pmc/arti
cles/pmc7476931/〉.
R.M. Zhou, Y. Li, J.H. Liu, N. Wang, X. Huang, S.R. Cao, B.E. Shan, Programmed
death-1 ligand-1 gene rs2890658 polymorphism associated with the risk of
esophageal squamous cell carcinoma in smokers, Cancer Biomark. 21 (2017)
65–71, https://doi.org/10.3233/CBM-170269.
Q. Xie, Z. Chen, L. Xia, Q. Zhao, H. Yu, Z. Yang, Correlations of PD-L1 gene
polymorphisms with susceptibility and prognosis in hepatocellular carcinoma in a
Chinese Han population, Gene 674 (2018) 188–194, https://doi.org/10.1016/j.
gene.2018.06.069.
J. Wang, C. Dai, S. Liu, S. Wang, H. Dong, K. Xie, Effects of blood transfusion on
cellular immuno-function in patients with laryngeal carcinoma, Lin. Chuang Er Bi
Yan Hou Ke Za Zhi 15 (2001) 103–105 (Chinese).
N. Laytragoon-Lewin, F. Jönson, J. Lundgren, L.E. Rutqvist, A. Wikby, S. Löfgren,
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G. Filaci, Development of exhaustion and acquisition of regulatory function by
infiltrating CD8+CD28- T lymphocytes dictate clinical outcome in head and neck
cancer, Cancers (2021) 2234, https://doi.org/10.3390/cancers13092234.
A. De Meulenaere, T. Vermassen, S. Aspeslagh, K. Zwaenepoel, P. Deron, F. Duprez,
L. Ferdinande, S. Rottey, CD70 expression and its correlation with
clinicopathological variables in squamous cell carcinoma of the head and neck,
Pathobiology 83 (2016) 327–333, https://doi.org/10.1159/000446569.
J. Doescher, P. Minkenberg, S. Laban, U. Kostezka, A. von Witzleben, T.
K. Hoffmann, P.J. Schuler, S.E. Weissinger, Immune checkpoint expression in
HNSCC patients before and after definitive chemoradiotherapy, Head Neck 43
(2021) 778–787, https://doi.org/10.1002/hed.26534.
F. Xu, D. Li, Q. Zhang, Z. Fu, W. Yuan, D. Pang, D. Li, Association of CD27 and
CD70 gene polymorphisms with risk of sporadic breast cancer in Chinese women in
Heilongjiang Province, Breast Cancer Res. Treat. 133 (2012) 1105–1113, https://
doi.org/10.1007/s10549-012-1987-7.
J. Baek, H. Lee, K.W. Hwang, E. Kim, H. Min, The association of CD28
polymorphism, rs3116496, with cancer: a meta-analysis, Comput. Biol. Med. 61
(2015) 172–177, https://doi.org/10.1016/j.compbiomed.2014.11.019.
P.W. Kämmerer, T. Toyoshima, F. Schöder, P. Kämmerer, K. Kuhr, J. Brieger, B. AlNawas, Association of T-cell regulatory gene polymorphisms with oral squamous
cell carcinoma, Oral. Oncol. 46 (2010) 543–548, https://doi.org/10.1016/j.
oraloncology.2010.03.025.
H.F. Kao, P.J. Lou, Immune checkpoint inhibitors for head and neck squamous cell
carcinoma: current landscape and future directions, Head Neck 41 (2019) 4–18,
https://doi.org/10.1002/hed.25930.
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