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Introduction

Several studies have associated single nucleotide gene vari-
ants (SNVs) of PD-1 and PD-L1 with cancer susceptibility. 
Specifically, PD1.5 C > T (rs2227981), as well as PD-L1 
G > C (rs4143815) have been associated with a decreased 
risk of cancer [1, 2]. However, PD1.3 G > A (rs11568821) 
and PD-1.7 T > C (rs7421861) have been linked to an 
increased risk of cancer [1, 2]. These findings are sup-
ported by the role of PD-1 in regulating T cell functions and 
tumor-specific immunity [3]. In a previous study including 
125 MM patients treated with an anti-PD1 agent, we high-
lighted the predictive role of PD1.5 C > T, PD1.7 T > C and 
PD-L1 + 8293 C > A SNVs on the occurrence of immune-
related adverse events (irAEs), with PD1.7 SNV also show-
ing a prognostic value [4].

We here report the significant association of PD1.5 and 
PD1.7 SNVs with the risk of MM in the same patient cohort 
by comparing genotype/allele frequencies in melanoma 
patients and 84 healthy control subjects.
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Abstract
Previous studies showed an association between single nucleotide gene variants (SNVs) of PD-1 and cancer susceptibil-
ity. We analyzed PD1.5 C > T and PD1.7 T > C SNVs to investigate their association with the risk of developing meta-
static melanoma (MM). Utilizing a cohort of 125 MM patients treated with anti-PD-1 agents and 84 healthy controls, 
we examined genotype/allele frequencies through a modified Poisson regression model, adjusted for age and sex. Our 
findings indicate that the PD1.5 T allele is associated with a reduced risk of MM, showing a significantly lower risk in 
both codominant (RR = 0.56, 95%CL: 0.37–0.87) and dominant (RR = 0.73 95%CL: 0.59–0.90) models. Conversely, the 
PD1.7 C allele is linked to an increased risk of MM, with the C/C genotype exhibiting a higher risk in the codominant 
(RR = 1.65, 95%CL: 1.32–2.05) and allelic (RR = 1.23, 95%CL: 1.06–1.43) models. These results are consistent with pre-
vious meta-analyses on other cancer types, mainly highlighting the PD1.5 SNV’s potential role in promoting anti-tumor 
immunity through increased PD1-positive circulating effector T cell activity.
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Methods

In the present study, we included 125 patients with advanced 
melanoma receiving treatment with an anti-PD-1 agent, 
between January 1st 2013 and December 31st 2020, at the 
IRCCS Ospedale Policlinico San Martino in Genova, Italy. 
Control subjects consisted of 84 unrelated healthy blood 
donors recruited from the Transfusion Medicine Department 
of the same institution, with their informed consent obtained 
for DNA analysis [4]. We analyzed five PD-1 SNVs, PD1.3 
G > A (rs11568821), PD1.5 C > T (rs2227981), PD1.6 G > A 
(rs10204525), PD-1.7 T > C (rs7421861) PD1.10 C > G 
(rs5582977) and three PD-L1 SNVs, PD-L1 + 8293 C > A 
(rs2890658), PD-L1 C > T (rs2297136) and PD-L1 G > C 
(rs4143815). Genotyping of DNA extracted from peripheral 
blood was performed by pyrosequencing (PSQ) or by real-
time polymerase chain reaction (PCR) methods [4].

A modified Poisson regression analysis was applied to 
SNV data stratified according to codominant, dominant, 
recessive, and allelic models in both groups in order to 

estimate the relative risk (RR) of MM, along with the corre-
sponding 95% confidence limits (95%CL), adjusted for age 
at recruitment and sex [5]. All genotype frequencies were 
preliminarily tested for the Hardy-Weinberg equilibrium 
(HWE) and no deviations were found (Table 1).

Results

We present here key findings from our exploratory inves-
tigation into the genetic basis of MM susceptibility. These 
results were derived from the analysis of 125 melanoma 
patients included in our previous study and a total of 84 
healthy volunteer donors [4].

In the codominant model, the PD1.5 T/T genotype showed 
a significantly reduced risk of MM occurrence (RR = 0.56, 
95%CL: 0.37–0.87, p-value = 0.011) compared to the refer-
ence C/C genotype (Table 1; Fig. 1). The dominant model 
echoed this protective effect, with combined C/T + T/T gen-
otypes showing a lower risk (RR = 0.73, 95%CL: 0.59–0.90, 

Genotypicmodels N = 125
Patients
n (%)

N = 84
Controls
n (%)

Patients vs. Controls
RR 95%CL P-value

PD1.5 C > T(rs2227981)
Codominant 0.011
C/C 51 (40.8) 18 (21.4) 1.00 (Ref.)
C/T 61 (48.8) 46 (54.8) 0.80 0.65–0.99
T/T 13 (10.4) 20 (23.8) 0.56 0.37–0.87
HWE P*=0.399 P*=0.380
Dominant 0.003
C/C 51 (40.80) 18 (21.43) 1.00 (Ref.)
C/T + T/T 74 (59.20) 66 (78.57) 0.73 0.59–0.90
Recessive 0.036
C/C + C/T 112 (89.60) 64 (76.19) 1.00 (Ref.)
T/T 13 (10.40) 20 (23.81) 0.63 0.42–0.98
Allelic 0.003
C 163 (65.20) 82 (48.81) 1.00 (Ref.)
T 87 (34.80) 86 (51.19) 0.78 0.65–0.91
PD1.7 T > C(rs7421861)
Codominant < 0.001
T/T 59 (47.20) 50 (59.5) 1.00 (Ref.)
T/C 48 (38.40) 32 (38.1) 1.06 0.83–1.36
C/C 18 (14.40) 2 (2.4) 1.65 1.32–2.05
HWE P*=0.119 P*=0.229
Dominant 0.128
T/T 59 (47.20) 50 (59.52) 1.00 (Ref.)
T/C + C/C 66 (52.80) 34 (40.48) 1.18 0.95–1.47
Recessive 0.077
T/C + T/T 107 (85.60) 82 (97.62) 1.00 (Ref.)
C/C 18 (14.40) 2 (2.38) 1.58 0.95–2.64
Allelic 0.007
T 166 (66.40) 132 (78.57) 1.00 (Ref.)
C 84 (33.60) 36 (21.43) 1.23 1.06–1.43

Table 1 Codominant, dominant, 
recessive and allelic models for 
PD1.5 C > T and PD1.7 T > C 
SNVs estimated through a modi-
fied Poisson regression modelling 
adjusted for age and sex. Dis-
tribution of SNV genotypic and 
allelic frequencies in 125 patients 
with advanced melanoma receiv-
ing treatment with an anti-PD-1 
agent and in 84 healthy blood 
donors used as controls

SNVs: single nucleotide 
variants;RR: relative risk; 
95%CL: 95% confidence limits 
for RR; P-value: probability level 
associated with the likelihood 
ratio test result; Ref.: reference 
genotype category;HWE:Hardy-
Weinberg equilibrium; 
P*:probability level associated 
with the chi-square test for 
departure from the HWE [4]
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p-value = 0.003). Allelic modeling reinforced these obser-
vations, indicating a lower risk associated with the T allele 
(RR = 0.78, 95% CL: 0.65–0.91, p-value = 0.003) (Table 1; 
Fig. 1).

On the other hand, in the codominant model, the 
PD1.7 C/C genotype exhibited a higher risk (RR = 1.65, 
95%CL: 1.32–2.05, p-value < 0.001) compared to the T/T 
genotype (Table 1; Fig. 1). The recessive model further sup-
ported this association, with the C/C genotype presenting a 
remarkable elevated risk (RR = 1.58, 95% CL: 0.95–2.64, 
p-value = 0.077). Allelic modeling reinforced the signifi-
cance, showing an increased risk associated with the C 
allele (RR = 1.23, 95% CL: 1.06–1.43, p-value = 0.007) 
(Table 1; Fig. 1).

No significant association was found between MM 
occurrence and PD1.3 G > A(rs11568821), PD1.6 
G > A (rs10204525), PD1.10 C > G (rs5582977), 
PD-L1 + 8293 C > A (rs2890658), PD-L1 C > T (rs2297136) 
and PD-L1 G > C (rs4143815) SNVs in all genetic models 
(Fig. 1).

Discussion

Our results on PD1.5 and PD1.7 SNV association with MM 
susceptibility are strongly consistent with what has been 
observed in previous meta-analyses in other cancer types [1, 
2].To our knowledge, no associations of PD-1 SNVs with 
melanoma risk have been reported so far [6].

The PD1.5 SNV shows a synonymous C > T substitu-
tion in exon 5 of PDCD1 gene and is probably in linkage 
disequilibrium with other PD-1 gene SNVs responsible for 
a higher frequency and activity of PD1-positive circulating 
effector T cells thus promoting robust anti-tumor immune 
activation [6, 7].

The PD1.7 T > C variant is located in intron 1 of PDCD1 
gene where numerous regulatory and splicing control ele-
ments exist but its effects on PD-1 protein expression have 
not been clearly demonstrated [7].This SNV may disrupt 
the normal splicing process and alter mRNA secondary 
structure, potentially leading to modified gene expression 
and translation inhibition [7]. Our previous study indicates 
that the presence of the C allele may exhibit a trend for a 
protective role in irAE onset and, in the homozygous C/C 
genotype, significantly reduce the risk of death in advanced 
melanoma patients [4]. This could be attributed to the PD1.7 
SNV’s effect in reducing PD-1 expression, directly associ-
ated with more efficient antitumor T-cell immunity. How-
ever, this effect might be present only in case of exposure 
to anti-PD-1 agents, or representing, on the other hand, an 
independent factor in cancer susceptibility in the general 
population. A critical limitation of our study is the exclusive 
focus on MM cases, which may slightly affect the general-
izability of our findings. Consequently, the associations we 
have described here are specific to MM patients and prob-
ably could not be extended to the general melanoma sus-
ceptibility, especially when compared to the representative 
sample of the general population (healthy donors). In fact, 
the majority of melanoma cases are diagnosed in a localized 

Fig. 1 Caterpillar plot illus-
trating the relative risk (RR) 
point estimates of metastatic 
melanoma occurrence along 
with the corresponding 95% 
confidence limits (95%CL) for 
specific single nucleotide gene 
variants (SNVs), also known as 
single-nucleotide polymorphisms 
(SNPs) within the PD-1 and 
PD-L1 genes according to the 
codominant model. Note Each 
line corresponds to a SNV com-
parison between the variant and 
the reference genotype category 
(Ref.), with the variant genotypes 
shown on the left. The black dots 
represent the RR point estimates 
while the horizontal lines indicate 
the 95%CLs. A RR point estimate 
positioned to the right/left of the 
dashed vertical line at RR = 1 
suggests an increased/decreased 
risk associated with the variant 
genotype
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included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.
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or early stage. This clarification allows us to hypothesize 
that certain genetic profiles may influence the progression 
rate of melanoma rather than its initial occurrence.

Thus, our results extend our previous findings on the 
diverse roles of PD-1 SNVs in the context of MM. How-
ever, further studies will be needed in larger and different 
populations to evaluate the relationship between PD-1 and 
PDL-1 SNVs and MM risk.

Acknowledgements This work was supported by grants awarded by 
the Italian Ministry of Health RF-2016-02362288 and RicercaCorrente 
2019-2021 to IRCCS OspedalePoliclinico San Martino, Genova, Italy.

Author contributions AB was involved in conceptualisation, original 
draft writing, and editing. MPP contributed to conceptualisation and 
laboratory analysis, while also providing original draft editing. DC 
performed data analysis. VF contributed to data analysis, conceptuali-
sation, and original draft editing. RC, BB, and AM conducted labora-
tory analysis. PQ, ER, ETT, EC, and FS were involved in validation. 
AB and RC made equal contributions to the study.

Data availability No datasets were generated or analysed during the 
current study.

Declarations

Competing interests FS reported receipt of Honoraria for presenta-
tions or lectures from Sanofi Genzyme, Roche, Bristol Myers Squibb, 
Novartis, Merk, Sun Pharma, Merck Sharp & Dohme (MSD), Pierre 
Fabre; participation on advisory board for Novartis, Philogen Sun 
Pharma and MSD. All other authors have declared no conflicts of in-
terest.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 

1 3

414 Page 4 of 4

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cancers11081150
https://doi.org/10.3390/cancers11081150
https://doi.org/10.12659/MSM.932146
https://doi.org/10.12659/MSM.932146
https://doi.org/10.1007/82_2010_116
https://doi.org/10.1016/j.iotech.2023.100408
https://doi.org/10.1093/aje/kwh090
https://doi.org/10.1111/pcmr.12665
https://doi.org/10.1111/pcmr.12665
https://doi.org/10.1007/s00251-017-1015-5
https://doi.org/10.1007/s00251-017-1015-5

	Association between PD-1 single nucleotide gene variants and the risk of metastatic melanoma
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


