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ABSTRACT

Background: Variations in Cytotoxic T Lymphocyte Antigen-4 (CTLA-4) affect the
expression and function of this protein. Objective: We aimed to investigate the
association of +49 A/G (rs231775), +1822 C/T (rs231779) and +6230 A/G (CT60,
rs3087243) genetic variations, as well as the merged haplotypes in CTLA-4 gene with
susceptibility to, or progression of head and neck cancer. Methods: Eighty patients with
confirmed head and neck (HN) cancer (age 54.9 + 16.1 years) and 85 healthy age/sex-
matched controls (age 56.3 + 12.4 years) were enrolled in the study. Genotypes were
investigated by the PCR-RFLP method. Arlequin software package was used to check
for Hardy-Weinberg equilibration, and to estimate the haplotypes. Results: At position
+6230 A/G (CT60), AA genotype, as well as A allele was significantly decreased in
patients with HN cancers than controls (18.8% vs. 40.7%, p=0.004; odds ratio=0.34,
and 46.3% vs. 61.7, p=0.007; odds ratio=0.53%, respectively). Nearly the same results
were obtained when we compared the subgroup of patients with squamous cell
carcinoma of the HN (SCC-HN) with control subjects. The frequencies of genotypes
and alleles at other positions were not significantly different between patients and
controls, however ACG, GTA and GCA haplotypes emerged from three investigated
loci occurred with significantly more frequencies in patients (p<0.0001), while ACA
and GTG haplotypes were more frequent among controls (p<0.0001). Significant
differences of haplotypes, genotypes and alleles frequencies resisted the Bonferroni
correction. Conclusion: Our results suggest that CT60 A allele, as well as ACA and
GTG haplotypes in CTLA-4 gene may have protective roles against HN cancer in
Iranian population, while ACG, GTA and specially GCA haplotypes may render
susceptibility.
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INTRODUCTION

Cytotoxic T Lymphocyte-Associated Antigen- 4 (CTLA-4; CDI152) is a CD28
homologue (1) which is well known to participate in the attenuation of T cell activation
and clonal expansion (2). While CD28 is expressed constitutively on the surface of
resting and activated T cells and acts as a co-stimulatory molecule, CTLA-4 is only
expressed on the surface of activated T cells, down-regulates the stimulatory signals
from CD28 and competes for binding to B7 family members i.e. B7.1 and B7.2 (3-5).
This co-inhibitory molecule also interferes with signals delivered by T cell receptor
(TCR) (6,7). Investigations indicated that regulatory T cells constitutively express
CTLA-4 and the molecule has a crucial impact on the development and function of
these inhibitory cells (8,9). The function of immune suppressive molecules, including
CTLA-4, may attenuate tumor immunity in cancer patients (10). CTLA-4 blockade with
anti CTLA-4 mAb has been reported to augment the tumor immunity both at early
stages of tumor growth and in vaccinated cancer patients (11-13). CTLA-4 blockade has
been demonstrated to increase the expression of inducible costimulator (ICOS) as well
as IFN-y, but diminishes FoxP3 expression in tumor tissues of the patients with
localized bladder cancer (14).

The CTLA-4 gene (Gene ID: 1493) has been mapped on chromosome 2q33 in humans,
and is closely linked with the CD28 gene (1). The CTLA-4 gene polymorphisms are
believed to influence the expression pattern of the protein and/or the functional activity
of CTLA-4 (15-19). Among all known polymorphisms of CTLA-4 gene, we
investigated in a group of patients with head and neck cancer, the distribution of three
more known single nucleotide polymorphisms (SNPs), including an A to G transition in
exon 1, encoding a threonine (Thr) to alanine (Ala) substitution at codon 17 (+49 A/G,
rs231775) (19), a C to T transition in intron 1 (+1822 C/T, rs231779) (17) and an A to
G exchange at the 3’-untranslated region of the gene (+6230 A/G; known as a CT60
polymorphism, rs3087243) (18). The genotypic data, as well as the merged haplotypes
were compared with healthy control subjects to assess the association of these genetic
variations with cancer incidence and progression.

MATERIALS AND METHODS

Subjects. Eighty histopathologically confirmed patients, 57 (70%) males and 23 (30%)
females with a mean age of 54.9 + 16.1 years having head and neck cancer were
recruited in the present study. A group of 85 age and sex-matched volunteers with a
mean age of 56.3 = 12.4 including 59 (69.4%) males and 26 (30.6%) females from the
same area and with no personal or familial (first degree relatives) history of cancer or
autoimmune diseases were enrolled as the control group. All of the participants were
from Shiraz hospitals in the south of Iran. Patients’ clinicopathological information was
obtained from their medical files. This study was approved by the ethics committee of
Shiraz University of medical sciences and informed consent was obtained before
sampling.

PCR Amplification of SNP Genotyping. Genomic DNA was extracted from peripheral
blood by salting out method (20). All of three polymorphisms were genotyped by the
means of Polymerase Chain Reaction-Restriction Fragment Length Polymorphism
(PCR-RFLP) assays as previously reported by others (17,21,22) with minor changes.
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The amplified products were digested overnight with restriction enzymes mentioned in
Table 2 (Fermantas, Lithuania), followed by 3% agarose gel (Invitrogen, UK)
electrophoresis. CTLA-4 gene-specific primers (Takapouzist, Iran), restriction enzymes,
RFLP incubation temperatures and the length of digested fragments are illustrated in
Table 1. Figures 1, 2 and 3 illustrate the PCR-RFLP results for +49 A/G, +1822 C/T and
+6230 A/G (CT60) polymorphisms, respectively.
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Figure 1. Genotyping of +49 A/G in CTLA4 exon 1 using PCR-RFLP technique and
BbV1(BseXl) enzyme. AA: 162 bp, AG:162 ,88 and 74 bp, GG: 88 and 74 bp.
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Figure 2. Genotyping of +1822 C/T SNP in CTLA4 intron 1 using PCR-RFLP technique and
Haelll enzyme. TT: 257 bp, CT: 257, 237 and 20 bp, CC: 237 bp.
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Figure 3. Genotyping of CT60 SNP (+6230 A/G) in CTLA4 3'UTR using PCR-RFLP technique
and Ncol enzyme. AA: 196 and 20 bp, AG: 216, 196 and 20 bp, GG: 216 bp.

Statistical Analysis. All statistical analyses were done by the SPSS software package
(version 11.5; SPSS Inc, Chicago, IL, USA). Hardy-Weinberg equilibrium test and
haplotype analysis were by Arlequin software package version 3.1 (L. Excoffier,
CMPG, University of Berne, Switzerland). P value less than 0.05 was considered
statistically significance. Bonferroni correction was used to find out the threshold of
significance for multiple statistical analyses of the genotypes, alleles and haplotypes.

RESULTS

Patients’ clinicopathological information is illustrated in Table 1. As indicated; fifty six
out of 80 patients (70%) had squamous carcinoma of the head and neck (SCC-HN), 4
(5%) had salivary gland carcinoma, 15 (18.8%) had other types of head and neck cancer
and for 5 (6.3%) cases known as head and neck cancer cases tumor types were
unknown. The clinicopathological information of the patients with SCC-HN is also
shown in a separate column along with the total number of cancer patients in Table 1.

The frequencies of genotypes and alleles corresponding to three SNPs for both patients
with head and neck cancer and the control group are illustrated in Table 3. All three
SNPs were in Hardy-Weinberg equilibrium when the observed data were compared
with the expected values by Arlequin software package (p>0.05). As illustrated in Table
3, at position +6230 (CT60) AA genotype was observed to be significantly decreased in
patients with head and neck carcinoma in comparison to healthy control subjects (15/80
(18.8%) vs. 33/85 (40.7%), p=0.004, Odds ratio 0.34, 95% CI for Odds ratio 0.14-0.73).
Consistant with this finding, A allele frequency at this position was observed to be
46.3% in the patients and 61.7% in the control subjects, demonstrating a significant
decrease in the prevalence of A allele in the patients (p=0.007, Odds ratio 0.53, 95% CI
0.33-0.85). All these significant values resisted Bonferroni correction which lessened
the level of significance to a p value of 0.01. Similar results were obtained when we
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compared the patients with squamous cell carcinoma of the head and neck (SCC-HN)
with the control group (Table 3).

Table 1. Clinicopathological features of patients with head and neck cancer, as
well as patients with Squamous cell carcinoma of the head and neck (SCC-HN).

Feature Head and neck cancer (HN), Squamous cell carcinoma (SCC)-HN,
N=80 N=56
No. out Statistics" No. out of 56 Statistics"
of 80
Age (years) 80 Mean + SD: 54.9+16.1, 56 Mean + SD: 57.3 +
Minimum: 15, 14.9, Minimum: 15,
Maximum: 88 Maximum: 88
Tumor Types 80 (SCC)-HN: 56 (70%) 56 (SCC)-HN: 56
Salivary gland carcinoma: 4 (100%)
(5%)

Other types: 15 (18.8%)
Unknown tumor type: 5

(6.3%)
Tumor stage 68 Stage 2 : 22.4% 56 Stage 2 : 25.0%
Stage 3: 31.6% Stage 3: 25.0%
Stage 4: 46.1% Stage 4: 50.0%
Lymph node 73 Neg: 64.4% 52 Neg: 63.5%
(LN) involvement Pos: 35.6% Pos: 36.5%
Tumor size (cm) 37 Size <2: 32.7%, 22 Size <2: 18.2%,
2 <Size <5:59.3% 2 < Size <5:81.8%
Size >5: 8.0% Size >5: 0.0%
Lymphovascular 67 Neg:59.7% 49 Neg:51.0%
(LV]) invasion Pos: 40.3% Pos: 49.0%
Distant metastasis 68 Neg: 85.3% 49 Neg: 89.8%
Pos: 14.7% Pos: 10.2%

"Except for tumor type, all other percentages in this table are valid percentages, i.e. excluding missing data.

The genotype and allele frequencies at +49 position were not significantly different
between patients and controls (p=0.43 and p=0.65 for genotypes and alleles,
respectively). Similarly, there were no significant differences in the frequencies of
genotypes and alleles at position +1822 between the patients and the controls (p=0.09
and p=0.52 for genotypes and alleles, respectively).

Investigation of the genotype association with clinicopathological characteristics of the
patients indicated no association with the cancer progression factors including tumor
type, TNM stage, T stage, N stage, M stage, LN involvement status, tumor size, distant
metastasis and lymphovascular invasion.

Haplotype analysis revealed the presence of eight haplotypes in patients and seven in
the control group (Table 4). Statistical analysis indicated that ACG, GTA and GCA
haplotypes emerging from the three loci occurred with significantly more frequencies in
patients than the controls (50% vs. 13.8%; 13.8% vs. 0.6%; and 8.8% vs. 0%
respectively (p<0.0001). In contrast, ACA and GTG haplotypes were more frequent in
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Table 2. Region specific primers, annealing temperatures, restriction enzymes and length of digested fragments used for
genotyping of SNPs in CTLA-4 in the present study.

C RFLP .
CTLA4 Locus Primer Primer sequences Ref. Restriction Temperature Length of digested
Enzyme co fragments

Forward 5'- GCTCTACTTCCTGAAGACCT -3' A:162bp
+49 A/G (21) Bbv1(Bse XI) 65

Reverse 5'- AGTCTCACTCACCTTTGCAG -3' G: 88bp,74bp

Forward 5'- CACTATTTTTGAGTTGATGCAG -3' T:257bp
+1822 C/T a7 Haelll (BsuRI) 37

Reverse 5'- CCCTGGCATTGTTGTAGAGTG -3' C:237bp,20bp

Forward 5'- CACCACTATTTGGGATATACC -3' G:216 bp
+6230A/G (CT60) (22) NCO1 37

Reverse 5'- AGGTCTATATTTCAGGAAGGC -3' A: 196bp,20bp
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the controls than the patients (16.2% in patients vs. 58.1% in controls and 1.2% in
patients vs. 20.6% in controls, respectively (p<0.0001). All the significant values
resisted Bonferroni correction which decreased the level of significance to a p value of 0.005.

Table 3. The frequencies of genotypes and alleles of CTLA-4 SNPs in patients
with head and neck (HN) cancer as well as squamous cell carcinoma of the head
and neck (SSC-HN) in comparison to healthy control group.

CTLA-4 Control group Head and neck (HN) Squamous cell
Locus (n=85,2n=170) cancer (n=80, 2n=160) carcinoma (SSC)-HN
(n=56, 2n=112)

Frequency Frequency P Value* Frequency P Value®
+49 Genotype AA  50(58.8%) 41(51.3%) 0.41 27 0.28
A/G AG 29(34.1%) 35(43.8%) 0.27 26 0.20
GG 6(7.1%) 4(5.0%) 0.75 3 1.0
Missing 0 0 - 0 -
Allele A 129(75.9%) 117(73.1%) 0.65
G 41(24.1%) 43(26.9%)
Missing 0 0 -
+1822 Genotype CC  47(55.9%) 45(56.3%) 0.90 33 0.86
(C/T) CT 30(35.7%) 34(42.5% 0.46 22 0.80
TT  7(8.4%) 1(1.3%) 0.06" 1 0.14
Missing 1 0 0 -
Allele C 124(73.8%) 124(77.5%) 0.52
T 44(26.2%) 36(22.5%)
Missing 2 0
+6230 Genotype AA  33(40.7%) 15(18.8%) 0.004* 12 0.03
A/G AG  34(42%) 44(55.0%) 0.13 31 0.21
(CT60) GG 14(17.3%) 21(26.3%) 0.23 13 0.52
Missing 4 0 0
Allele A 100(61.7%) 74(46.3%) 0.007* 55 0.05
G 62(38.3%) 86(53.7%) 57
Missing 8 0 0

¥P value in comparison to the control group.
* Considered significant even after Bonferroni correction (P values less than 0.01)
# Result of Fisher exact test. The rest are the results of Yates corrected Chi-square test.
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Table 4. Frequency of haplotypes emerging from three CTLA-4 SNPs in patients
with head and neck cancer (HN) in comparison to healthy control group.

CTLA-4 Haplotype

Head and neck Control group Odds 95% CI for
(+49 A/G, +1822 C/T, 4 P Value

cancer(2n=160) (2n=160) ratio odds ratio
+6230 (CT60) A/G)
ACG 80 (50.0%) 22(13.8%) <0.0001* 6.27 3.52-11.26
ACA 26(16.2%) 93(58.1%) <0.0001* 0.14 0.08-0.25
GTA 22(13.8%) 1(0.6%) <0.0001* 25.35 3.57-511.65
GTG 2(1.2%) 33(20.6%) <0.0001* 0.05 0.01-0.21
GCA 14(8.8%) 0 (0%) <0.0001* NAY NA
ATA 11(6.9%) 4(2.5%) 0.11 NA NA
GCG 4(2.5%) 4(2.5%) 1.0 NA NA
ATG 1(0.6%) 3(1.9%) 0.28 NA NA

#Five cases, out of 85 control subjects, had no complete genotyping data and were excluded from haplotype analysis.*Considered
significant, even after Bonferroni correction, with a P value less than 0.005 ¥NA: not applicable.

DISSCUSION

It has already been established that the variations in CTLA-4 gene may alter gene
expression and function, and consequently the strength of anti tumor immunity, in such
a way that affect cancer susceptibility and/or cancer progression (15-19). We examined
the possible association of three polymorphisms in CTLA-4 gene (+49 A/G, +1822 C/T
and +6230 (CT60) A/G), which, to our knowledge, have not been previously
investigated in head and neck cancer. Our results indicated a significant decrease, in
comparison to controls, in the frequencies of AA genotype and A allele at position
+6230 A/G (CT60) in patients with head and neck cancers (p=0.004; odds ratio 0.34,
and p=0.007; odds ratio 0.53), as well as the subgroup of patients with squamous cell
carcinoma of the head and neck (SCC-HN). +6230 A/G (CT 60) SNP in the 3’ un-
translated region of CTLA-4 gene is supposed to affect the proportion of soluble
isoform of CTLA-4 (sCTLA-4) to membrane bound (m)CTLA-4 (18). Soluble isoform
of CTLA-4 is generated through translation of alternative spliced mRNA and could
either inhibit or exacerbate the immune responses in different manners (23,24). It has
been previously suggested the G allele at position +6230 (CT60 G) may decrease
SCTLA-4 transcript up to 50% (18). Therefore, it is most likely that a decrease in the
frequencies of CT60 A allele or AA genotype in our patients, changes the balance
between sCTLA-4/mCTLA-4 in favor of lower sCTLA-4, and consequently, higher
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mCTLA-4 expression. Consistent with our data, the frequencies of CT60 G allele has
been reported to be increased in patients with breast cancer in Chinese population
(25,26). In spite of such studies, others could not find an association of CT60 variants
with susceptibility to lung cancer in Iranian patients (27), cervical squamous cell
carcinoma in polish patients (28) and HPV-16-associated cervical squamous cell
carcinoma in Taiwanese women (29). Furthermore, CT60 AA genotype has been
reported with a higher significant incidence in Spanish patients with renal cell cancer
(30), which may imply differences among different ethnic groups, variation in
molecular pathology of different cancer types, or may be due to minor differences in
sample size and study design. In consistent with the findings of the present study, a
more recent work on Caucasians of New Hampshire with an acceptable sample size
indicated that CT60 G allele decreases the risk of non-melanoma skin cancer (NMSC)
(31).

The results of the present study did not show an association between genotypes and
alleles at position +49 A/G in head and neck cancer. The A to G variation at +49
position within exon 1 of CTLA-4 leads to an amino acid exchange (threonine to
alanine) in the leading sequence of CTLA-4 molecule and may affect the expression
pattern of this molecule (19). Although, the +49 A/G SNP has been reported to be
associated with predisposition of individuals to breast cancer in Iranian patients (32),
non-Hodgkin's lymphoma (NHL) in Italian Caucasian patients (33) , and several other
types of cancer (recently reviewed in ref. 34), no association was reported in some other
carcinomas including lung (27), colorectal (35) and gastric (35) cancers in Iranian
population, oral squamous cell carcinoma in Taiwanese women (36), cervical squamous
cell carcinoma in polish patients (28), and colorectal cancer in Italian Caucasians
patients (37),and in Turkish population (38). We also did not observe any significant
differences in the frequencies of genotypes or alleles at position +1822 between patients
with head and neck cancer and the control group. Similarly, no significant association
was reported between the mentioned SNP and the risk of lung cancer in Iranian
population (27).

Despite observing no association between +49 A/G and +188 22 C/T SNPs with head
and neck cancer, the haplotype analysis of the three investigated SNPs (+49 A/G, +1822
C/T, +6230 (CT60) A/G) revealed a significant increase in ACG, GTA and GCA
haplotype frequencies and a significant decrease in ACA and GTG haplotype
frequencies among patients (All with p<0.0001). Interestingly, GCA haplotype which
was absent in controls occurred with a considerable frequency in patients (14 out of 160
haplotypes (8.8%), p<0.0001). Although a functional study is required to assess the
significance of the observed haplotypes, these findings suggest that the occurrence of
ACG, GTA and specially GCA haplotypes in Iranian population is associated with the
risk of head and neck cancer. On the other hand, the increase of ACA and GTG
haplotypes in our population might be associated with protection against this cancer.
Consistent with our study, the TACG haplotype (-1722T,-1661A,-318C and +49G) in
Iranian patients with colorectal and gastric cancers (35) and GAT and AGT haplotypes
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(+49,-1661 and -1722) in Chinese patients with gastric cancer (39) have already been
reported to increase the risk of cancer predisposition.

Conclusively, our results suggest a strong genetic association of CTLA-4 gene variants
and haplotypes with susceptibility to head and neck carcinoma in Iranian population.
Incidence of CT60 A allele, as well as ACA and GTG haplotypes may have protective
roles against cancer, while ACG, GTA and specially GCA haplotypes may render
susceptibility.
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