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Abstract

Cutaneous squamous cell carcinoma (cSCC) is the second most common cancer among 

Caucasians in the United States, with rising incidence over the past decade. Treatment for non-

melanoma skin cancer, including cSCC, in the United States was estimated to cost $4.8 billion in 

2014. Thus, an understanding of cSCC pathogenesis could have important public health 

implications. Immune function impacts cSCC risk, given that cSCC incidence rates are 

substantially higher in patients with compromised immune systems. We report a systematic review 

of published associations between cSCC risk and the human leukocyte antigen (HLA) system. 

This review includes studies that analyze germline class I and class II HLA allelic variation as well 

as HLA cell-surface protein expression levels associated with cSCC risk. We propose biological 

mechanisms for these HLA-cSCC associations based on known mechanisms of HLA involvement 

in other diseases. The review suggests that immunity regulates the development of cSCC and that 

HLA-cSCC associations differ between immunocompetent and immunosuppressed patients. This 

difference may reflect the presence of viral co-factors that affect tumorigenesis in 

immunosuppressed patients. Finally, we highlight limitations in the literature on HLA-cSCC 

associations, and suggest directions for future research aimed at understanding, preventing and 

treating cSCC.
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1. INTRODUCTION

cSCC is the second most common cancer in the United States [1], particularly affecting 

Caucasians. cSCCs present as an uncontrolled growth of abnormal keratinocytes, mostly 

arising on sun-exposed anatomic sites. If left untreated, cSCCs can penetrate underlying 

tissues and metastasize. cSCC is a major public health concern due to its high incidence and 

associated medical costs [2]. Risk factors for cSCC can be classified as genetic (family 

history, pigmentation) and environmental (ultraviolet radiation (UVR), human 

papillomavirus (HPV) infection, immunosuppression, cigarette smoking) [3].

The immune system impacts cSCC susceptibility and pathogenesis, as evidenced by the 

substantially higher incidence of cSCC in immunocompromised patients (e.g. solid organ 

transplant recipients who undergo iatrogenic long-term immunosuppressive therapy and 

patients infected with human immunodeficiency virus (HIV)) [3,4]. Furthermore, 

susceptibility to the effects of UVR is known to be genetically determined [3–5]. Variations 

in immunological makeup of human hosts may influence their ability to recruit immune 

responses needed to prevent cSCC development [6].

The human leukocyte antigen (HLA) system comprises genes that encode the major 

histocompatibility complex (MHC) proteins. Variation in the expression pattern of these 

proteins, which are involved in the presentation of tumor antigens to T lymphocytes, has 

been implicated in multiple cancers by influencing host defenses against tumorigenesis [6]. 

Class I HLA genes (A, B, and C) encode proteins expressed on the surface of all nucleated 

cells, which present intracellular peptides to CD8+ T lymphocytes. Class II HLA genes (DR, 

DQ, DP, DM, DOA, and DOB) encode proteins expressed only on the surface of antigen-

presenting cells, which serve as important restriction elements for the induction and 

proliferation of CD4+ T lymphocytes.

This paper provides a systematic review of the associations between the HLA system and 

cSCC risk. It suggests mechanistic explanations for these associations based on known 

mechanisms of HLA involvement in other diseases, as well as further directions for research. 

Since the literature on HLA and cSCC risk is restricted to class I and class II HLA genes, we 

focus on these two classes. Both classes contain highly polymorphic genes, which greatly 

increases the number of possible interactions with antigenic peptides such as tumor antigens. 

This allows for effective immune surveillance, as tumor antigens presented by class I and 

class II HLA proteins activate CD8+ and CD4+ T lymphocytes for antitumor immunity. 

However, cancer cells are able to evade this normal surveillance, leading to unrestricted 

growth.

We review studies that address associations between cSCC risk and three features of the 

HLA system: (1) germline HLA allele polymorphisms in immunocompetent and 

immunosuppressed patients; (2) HLA mismatching and homozygosity in organ transplant 

patients undergoing immunosuppression; and (3) cell-surface expression levels of HLA 

proteins in cSCC tumor lesions versus in healthy skin of both immunocompetent and 

immunosuppressed cSCC patients. Evaluating such associations provides an understanding 

of the immunogenetic risk factors and immune mechanisms involved in cSCC pathogenesis, 
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which could illuminate novel approaches to the prevention and treatment of these cutaneous 

neoplasms [2,3].

2. MATERIAL AND METHODS

2.1 Selection Criteria

Study selection criteria are illustrated in Figure 1. We included observational association 

studies between the HLA system and cSCC risk in immunocompetent and 

immunosuppressed patients. Inclusion criteria were: (1) publications between January 1, 

1980 and June 30, 2016; (2) study population of Caucasian patients only (3) histologic 

confirmation of at least one cSCC. In addition, studies of immunosuppressed patients were 

limited to those analyzing cSCCs that developed after immune suppression, to isolate the 

effects of immunosuppression on HLA-cSCC associations.

2.2 Data Sources

Studies that met the selection criteria were identified using the following four methods:

(1) Computer Search—Medline/PubMed were queried for articles in English using one 

or more of the following Medical Subject Headings (MeSH) terms: “carcinoma, squamous 

cell,” “Bowen’s disease,” “skin neoplasms,” “major histocompatibility complex,” 

“histocompatibility antigens,” “HLA antigens,” “genome-wide association study,” and 

“cutaneous.”

(2) Review of Specialized Textbooks—Dermatology textbooks [7–9] were identified 

using the Elsevier Dermatology Books database and were selected for further review if they 

contained information on cSCC [7–9].

(3) Contact with Experts—Experts were selected by querying the NIH RePORTER 

database for investigators funded to study cSCC or HLA, and were contacted for knowledge 

of unpublished or ongoing studies.

(4) Review of Reference Lists—The reference lists of all articles identified were 

reviewed, and full texts of potentially eligible studies were examined.

3. RESULTS

In the following section, we summarize published HLA-cSCC associations in 

immunocompetent and immunosuppressed individuals and then propose putative biological 

mechanisms for the observed data. HLA-cSCC association studies identified through 

systematic review were organized into three categories: (1) studies associating cSCC risk 

with particular germline HLA allelic polymorphisms by comparing allelic frequencies 

between cSCC patients and healthy controls, (2) studies linking cSCC risk with HLA 

mismatching and homozygosity in immunosuppressed patients, and (3) studies analyzing 

cell-surface HLA protein expression levels in cSCC tumors versus normal skin from cSCC 

patients. In the studies reviewed, an alpha value of 0.05 was used as the threshold for 

significance.
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3.1 Summary of Observational Data

3.1.1 cSCC Risk is Associated with Particular Germline HLA Allelic Variants—
HLA alleles differ by at least one single nucleotide polymorphism [10]. The majority of the 

peptide sequence variation encoded by different HLA alleles occurs within domains 

involved in antigen binding and T-cell receptor interaction [11]. Most studies looking at 

germline HLA allelic variants between cSCC cases and healthy controls only specified allele 

groups and not individual alleles, given that serological typing was used. These association 

studies typed for HLA-A, B, C, DR, and/or DQ allele groups using blood samples from 

cSCC patients and healthy controls in either immunosuppressed or immunocompetent 

Caucasian populations. HLA allele groups tested for association with cSCC risk are reported 

in Tables 1–2. These tables show that multiple HLA genes and allele groups have been 

associated with cSCC risk. These associations vary by the immunosuppression status of the 

study population, as summarized in Sections 3.1.1a and 3.1.1.b.

3.1.1.a Summary of Associations between Germline HLA Variants and cSCC Risk in 
Immunocompetent Patients: Table 1 summarizes class I and class II HLA genes and allele 

groups associated with cSCC risk in immunocompetent patients. Table 1 suggests that the 

association between cSCC and HLA-DRB1*01 is not statistically significant in populations 

closer to the equator. This trend may reflect interaction with UV exposure: in populations 

near the equator, subjects’ cumulative UV exposures may overpower associations between 

cSCC and HLA-DRB1*01. Two GWAS are also included in Table 1. Chahal et al. [12] 

identified a locus with high imputation quality, 6p21.32 (rs28993540) that was positively 

associated with cSCC risk. This locus lies 35 kb upstream of HLA-DQB1, a gene also 

associated with squamous cell cervical cancer risk [12]. Asgari et al. [13] found that HLA 

locus 6p21 reached genome-wide significance and was strongly associated with cSCC risk. 

This locus is associated with expression levels of HLA-DQA1, HLA-DQB1, and HLA-
DRB5.

3.1.1.b Summary of Associations between Germline HLA Variants and cSCC Risk in 
Immunosuppressed Patients: Table 2 reports class I and class II HLA allele groups 

associated with cSCC in immunosuppressed patients. Table 2 includes HLA locus 6p21 

identified by Asgari et al. [13], as it was strongly associated with cSCC risk and the risk 

ratio per allele was not seen to vary by immunosuppression status. Table 2 also summarizes 

a reanalysis by Glover et al. in 1993 [6] of the data reported in their 1991 study [14], but 

with some controls reclassified as cSCC cases upon more detailed screening. They no longer 

observed the previously-reported negative association between HLA-A*11 and cSCC. 

Nevertheless, this data may indicate some protective capacity for HLA-A*11, as patients 

with HLA-A*11 may have fewer or less aggressive tumors [6]. Additionally, Table 2 shows 

that multiple studies found no association between HLA-DRB1*01 and cSCC in 

immunosuppressed patients, in contrast to the positive association reported in 

immunocompetent patients (Table 1). Factors such as immunosuppression and HPV 

infection may have masked the effects of particular HLA allele groups in immunosuppressed 

patients, which could explain the lack of association with HLA-DRB1*01 in this population, 

in contrast to the immunocompetent population [15]. HPV infection in immunosuppressed 

patients is further discussed in Section 3.2.1.b.
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Studies of solid organ transplant patients in Nova Scotia [16], Sweden [17], and Norway 

[18] were unable to corroborate the associations in Table 2, though some of these studies 

may have been underpowered to detect an association [16]. Bouwes Bavinck et al. [19] 

studied renal transplant patients in Queensland, Australia, and also failed to support 

previously-reported HLA-cSCC associations. In fact, they reported a reversal of association 

between HLA-A*11 and cSCC, in contrast to multiple previous studies in the Netherlands 

and the United Kingdom. Possible explanations for these contrasting findings are discussed 

in Section 3.2.1.b.

3.1.2 HLA Mismatching/Homozygosity may be Associated with cSCC Risk in 
Immunosuppressed Patients—Bouwes Bavinck et al. [20] reported a significant 

association between cSCC and the extent of HLA-B mismatching between Dutch renal 

transplant patients and their renal grafts (p=0.025), as well as a positive association between 

HLA-DR homozygosity and cSCC risk that reached borderline significance (p=0.06). The 

association between HLA-B mismatching and cSCC was not thought to be confounded by 

cumulative doses of immunosuppressive drugs. This is because neither the extent of HLA-B 

mismatching nor the occurrence of cSCC was associated with the cumulative dose of 

immunosuppressive drug administered. Additionally, the HLA-B mismatching and cSCC 

association was not thought to be confounded by lifetime sun exposure. The presence of one 

mismatched HLA-B antigen was also associated with increased cSCC risk (p < 0.001) in a 

study of Swedish transplant patients [21]. In contrast, Roeger et al. [22] found no association 

between HLA-B mismatching and cSCC in transplant patients. Similarly, a follow-up study 

by Bouwes Bavinck et al. [19] in Australia reported no association between HLA-DR 

homozygosity or HLA-B mismatching and cSCC risk. A study of heart transplant patients in 

Spain [23] also reported no association between HLA-DR homozygosity or HLA-B 

mismatching and cSCC risk, but this study may have been underpowered to detect an 

association with only 9 cSCC patients. Biological mechanisms for these associations 

between cSCC and HLA mismatching/homozygosity are discussed in Section 3.2.2.

3.1.3 Abnormal Cell Surface Expression of HLA Protein is seen in cSCC 
Tumors—Aberrant expression of both class I and class II HLA proteins on the surface of 

cSCC cancer cells is reported in immunocompetent and immunosuppressed patients [24–

28].

3.1.3.a cSCC Tumors have Heterogeneous Cell Surface Expression of Class I 
HLA: Complete loss of class I HLA protein expression has been observed in malignant skin 

cancers (melanoma, basal cell carcinoma (BCC)) and breast cancer [29]. However, unlike 

these cancers, cSCCs often partially express class I HLA proteins, creating a heterogeneous 

cell surface expression pattern [24–28]. Tumors from immunocompetent cSCC patients have 

higher expression of class I HLA proteins and β2-microglobulin (a component of HLA class 

I proteins) than tumors from patients with BCC or melanoma, though expression of class I 

HLA proteins was not observed consistently on all cSCC tumors or even on all cells within a 

given cSCC tumor [24]. The differences in class I HLA protein expression among cSCC 

patients were not associated with histopathological type or degree of tumor infiltration or 

differentiation, which are clinical pathological parameters related to cSCC prognosis 
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[24,30]. This finding contrasts with what is seen in head and neck SCC (HNSCC) and 

suggests that cell surface expression of class I HLA proteins is not important for cSCC 

prognosis, but this lack of association may reflect the limited sample size of the study 

[24,30]. In terms of specific class I HLA protein expression, a study from France reported 

that HLA-G cell-surface expression was positively associated with cSCC in 

immunosuppressed patients (p < 0.02), and that HLA-G expression was largely restricted to 

cSCC tumors as compared to nonmalignant cutaneous lesions in the transplant recipients 

[31]. Potential biological mechanisms for the association between class I HLA protein 

expression levels and cSCC are discussed in Section 3.2.3.a.

3.1.3.b Class II HLA Protein is Overexpressed on the Surface of cSCC Tumors: Most 

solid tumors acquire aberrant cell surface expression of HLA class II proteins, allowing 

cancer cells that express class II HLA proteins to act as antigen presenting cells [32]. 

Multiple studies have shown that cSCC tumors also demonstrate high cell surface expression 

of class II HLA proteins [24–28]. Specifically, cSCC tumors most often express HLA-DR, 

though HLA-DP and DQ expression have also been reported [24,26]. Peripheral areas of 

cSCC tumors near inflammatory infiltrates show highest expression of class II HLA proteins 

[24–28]. Class II HLA protein expression is correlated with histopathological type (p < 0.05) 

and cellular differentiation (p < 0.01) in cSCC patients, with high levels of class II HLA 

expression seen on more undifferentiated tumors [24].

3.2 Proposed Mechanisms Suggested by Observational Data

3.2.1 cSCC Risk is Associated with Particular Germline HLA Allelic Variants

3.2.1.a Structural Differences in HLA Alleles May Underlie Associations between 
Germline HLA Variants and cSCC Risk: We propose that the associations in Tables 1–2 

could be due to structural differences in HLA alleles that alter their ability to present cSCC 

tumor antigens to T lymphocytes. UVR, the main causal factor for cSCC, is known to induce 

specific UVR fingerprint mutations in particular genes, creating specific tumor antigens 

[33]. Thus, certain HLA alleles, as a result of the unique structure of their binding cleft, 

could have a higher binding affinity for these tumor-specific antigens and can better present 

them to T cells.

UVR-induced fingerprint mutations are found in more than 50% of cSCC cases and produce 

cSCC-specific tumor antigens [33]. Genes known to be mutated in cSCC include TP53, 

PTCH, and NOTCH [34]. Antigenic peptides resulting from UVR-mediated damage to such 

genes are presented by HLA molecules, and cells presenting these tumor antigens are 

recognized by the T cells and targeted for destruction [35]. Thus, immune response against 

UVR-damaged cells mediated by the detection of these neoantigens can prevent 

tumorigenesis.

HLA alleles typically differ at their antigen binding cleft and may have different binding 

affinities for tumor antigens and T cell receptors. For example, the discriminating site of 

HLA-A*03 as compared to HLA-A*11 is at codon 9 in the floor of the antigen-binding 

groove, where HLA-A*03 has a phenylalanine residue while HLA-A*11 has a tyrosine- two 

amino acids that differ only by a hydroxy group. HLA-A*03 is positively associated with 
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cSCC in immunosuppressed patients from the Netherlands, while HLA-A*11 is negatively 

associated [36]. HLA alleles that are positively associated with cSCC could be those which 

are not as efficient in presenting cSCC tumor antigens (e.g. mutant p53). In this way, these 

tumor cells could escape immune surveillance. On the other hand, HLA alleles negatively 

associated with cSCC could be those which prevent cSCC tumorigenesis by effectively 

presenting cSCC tumor antigens to T lymphocytes.

3.2.1.b β-HPV Infection May Influence Associations between Germline HLA Variants 
and cSCC Risk in Immunosuppressed cSCC Patients: Immunosuppressed patients have 

increased susceptibility to HPV-induced cutaneous warts and abnormally high incidence of 

cSCC, which are seen to co-localize on sun-exposed sites [6]. Cutaneous HPV is classified 

into alpha, beta, and gamma types. β-HPV is thought to be a cofactor alongside UVR in 

cSCC pathogenesis in immunosuppressed patients- many studies have detected DNA from 

multiple β-HPV types in cSCC lesions, with β-HPV species 2 identified in particular as a 

high-risk subtype [37,38]. β-papillomaviruses are thought to have an early role in cSCC 

tumorigenesis, through a “hit and run” mechanism or by possibly altering cell cycle 

progression, DNA repair, and immune surveillance, thus facilitating clonal expansion of 

keratinocytes with UVR-induced DNA damage [38–40]. Furthermore, different β-

papillomavirus types are known to exert different carcinogenic effects, so infection by 

multiple β-HPV types could compound cSCC risk [40]. Certain α-HPV types have also been 

implicated in cSCC [41]. For instance, HPV77, an α-papillomavirus thus far only detected 

in cutaneous lesions of immunosuppressed patients, contains a p53-DNA binding site. Once 

activated by UVR, p53 is thought to stimulate HPV77 promoter activity, leading to the 

production of E6 and E7 proteins that deregulate p53 and Rb tumor suppressor pathways 

[42]. In all of these cases, HPV in conjunction with UVR may promote cSCC pathogenesis. 

However, the exact role of HPV in cutaneous oncogenesis remains to be elucidated because 

HPV DNA has been found in normal skin samples from cSCC patients, though differential 

detection of β-HPV in tumors suggests that certain high-risk HPV types may be involved in 

cSCC pathogenesis [38,42]. HLA allele groups positively associated with cSCC in 

immunosuppressed patients may encode HLA protein with less efficiency in presenting 

tumor or HPV antigens, and conversely, HLA allele groups negatively associated with cSCC 

may encode HLA protein with greater efficiency in presenting tumor or HPV antigens. A 

good example is HLA-DRB1*07, an allele group thought to be associated with impaired 

presentation of the L1 antigen of HPV8 to CD4+ T lymphocytes, leading to an ineffective 

Th2-mediated humoral immune response [36,43]. HLA-DRB1*07 has a significant positive 

association with or a trend favoring a positive association with cSCC in three out of four 

case-control studies in Table 2.

The inconsistency seen by Bouwes Bavinck et al. [19] may result from differing 

environmental factors affecting renal transplant patients in northern Europe versus Australia, 

because genetic background, as characterized by the frequency of HLA antigens, did not 

differ greatly between the two populations [19]. In the Dutch population, DNA from HPV 

types known to be associated with cSCC (HPV-15, -20, and -38) was found in more than 

80% of cSCC tumors [19,44], so HPV infection may have been a cofactor in cSCC 

pathogenesis. The Australian population, on the other hand, had a great excess of UV 
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exposure as compared to the Dutch patients, and thus neoantigens produced by UVR-

induced DNA mutations may have played a much larger role in the etiology of cSCC in 

these patients. Such underlying differences in tumor antigens may have altered cSCC and 

HLA-A*11 associations in each population.

3.2.2 HLA Mismatching/Homozygosity May Impair Immune Recognition of 
cSCC Tumor Antigens—The association between HLA-B mismatching and increased 

cSCC risk may be a result of tolerance to tumor antigens induced in patients with poorly-

matched grafts. Patients may develop tolerance to alloantigens of the transplanted kidney, 

leading to cross-reactive tolerance to cSCC tumor antigens [20]. Such a mechanism is 

supported by the literature- transplantation is known to promote acquired tolerance of 

foreign antigens, and the immune system has been shown to develop tolerance to tumor 

antigens in particular [45,46]. To understand the contradictory results found by Roeger et al. 

[22], the length of time post-transplant could be considered. Bouwes Bavinck et al. [20] 

looked at a long-surviving transplant patient group (transplanted between 1967 and 1981), in 

whom stable tolerance to the mismatched graft could have been induced, while Roeger et al. 

[22] studied patients with a shorter time since transplant (transplanted between 1981 and 

1989). The patients in the Bouwes Bavinck et al. [20] study may have had more time for 

cross-reactive tolerance to cSCC tumor antigens to develop, making them more susceptible 

to cSCC than patients in the Roeger et al. study [22,36].

HLA homozygosity is a known risk factor for various cancers [47]. The association between 

HLA-DR homozygosity and cSCC may be explained by the reduced diversity of HLA-DR 

proteins. This may result in fewer chances for HLA proteins to interact with antigenic 

peptides, diminishing recognition of tumor antigens [47].

The lack of association between HLA-DR homozygosity or HLA-B mismatching and cSCC 

risk seen in the follow up study by Bowes Bavinck et al. [19] could be attributed to the study 

location. The follow up study was done in Australia, and the patients surveyed had excessive 

UVR exposure as compared to the first study population from the Netherlands. This could 

have masked the effects of HLA mismatching or homozygosity on cSCC risk [19].

3.2.3 Abnormal Cell Surface Expression of HLA Protein is seen in cSCC 
Tumors

3.2.3.a Heterogeneous Cell Surface Expression of Class I HLA Protein in cSCC Tumors 
Could Facilitate Immune Evasion: Downregulation of class I HLA protein expression 

prevents presentation of tumor antigens to CD8+ T lymphocytes, thus inhibiting T 

lymphocyte-mediated destruction of cSCC cells [48]. However, such downregulation also 

puts cSCC cells at increased risk of lysis by natural killer (NK) cells, which have receptors 

that negatively regulate NK cell activity upon interaction with particular class I HLA 

proteins. We propose that the heterogeneous class I HLA protein expression profile presents 

a mechanistic advantage for cSCC cancer cells, especially if it is a result of selective 

downregulation, as is seen in HNSCCs [49]. Selective downregulation could mean that 

expression of class I HLA proteins which efficiently present tumor antigens to CD8+ T 

lymphocytes is downregulated while expression of class I HLA proteins that inhibit NK 
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activity is retained, given that NK cells are known to have preferential interactions with 

specific HLA subclasses [50]. Multiple studies suggest a role for immunoselection in 

carcinogenesis via HLA class I protein expression abnormalities [50,51]. Selective 

downregulation would allow cSCC cells to escape recognition by CD8+ T cells while also 

avoiding NK-mediated lysis. Additionally, the overall reduction in class I HLA proteins on 

the cell surface may significantly improve the ability of cSCC cells to avoid immune 

destruction [51].

The heterogeneous expression of class I HLA proteins in cSCC may also explain why 

immunosuppression increases cSCC risk 65-fold, but BCC risk only 10-fold [52]. 

Immunosurveillance may have greater control over cSCC pathogenesis due to the partial 

expression of class I HLA proteins in cSCC, as compared to BCC, where class I HLA 

proteins are often completely absent [53]. Therefore, a loss of immunosurveillance due to 

immunosuppression would impact cSCC pathogenesis more than that of BCC, and cSCC 

cells may proliferate much more rapidly than BCC cells given a diminished adaptive 

immune response.

In immunosuppressed patients, we propose that the aberrant expression of HLA-G protein 

on the surface of cSCC cancer cells allowed for evasion of immune surveillance. HLA-G 

expression has been detected in various cancers (melanoma, breast, colon, lung, and renal), 

and melanoma cell lines expressing HLA-G isoforms have shown inhibited cytotoxic 

responses from NK and T-cells [54]. The immunomodulatory effects of HLA-G under 

normal physiological conditions are also well documented: HLA-G, expressed in embryonic 

tissues, adult immune privileged organs, and in hematopoietic cells, is known to provide 

inhibitory signals to NK and T cells [50,55]. It is thus reasonable to postulate that HLA-G 

expression on cSCC tumors could allow cSCC cells to negatively regulate NK and T 

lymphocyte-mediated destruction. Furthermore, HLA-G positive antigen presenting cells 

have been shown to inhibit CD4+ T cells and induce the differentiation of these cells into 

regulatory T cells [55]. As previously mentioned, cSCC cells can aberrantly express class II 

HLA proteins and serve as antigen presenting cells, and thus HLA-G expression on such 

cSCC cells could promote tolerance to cSCC tumor antigens.

3.2.3.b Overexpression of Class II HLA Protein in cSCC Tumors May Inhibit Immune 
Response to Tumor Antigens: We propose that aberrant expression of class II HLA 

proteins on cSCC cancer cells enables tumor escape from host defense mechanisms, as has 

been shown in other cancers such as HNSCC and acute myeloid leukemia [56]. Class II 

HLA proteins are needed for the activation of CD4+ T lymphocytes, which directly mediate 

cytotoxicity against tumor cells. cSCC cells expressing class II HLA proteins act as antigen 

presenting cells and present tumor antigens. However, these cells lack the B7 family co-

stimulatory molecules required to completely activate CD4+ T cells. Binding of CD4+ T 

lymphocytes to class II HLA proteins on cancer cells in the absence of co-stimulatory 

molecules can result in an immune-suppressed or anergic CD4+ T lymphocyte, thus 

promoting tolerance to tumor antigens [57]. HLA class II proteins expressed by cancer cells 

can further inhibit the immune response through their interaction with regulatory T cells, 

which modulate the immune system. Regulatory T cells do not require costimulation for 

functional activation. Thus, after interacting with class II HLA on cSCC cells presenting 
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tumor antigens, regulatory T cells act as powerful nonspecific suppressors of immune 

response against the cancer by preventing expansion of CD8+ and CD4+ T lymphocytes as 

well as NK cells [58].

4. LIMITATIONS & FUTURE WORK

Summarizing the literature on HLA-cSCC associations highlights important limitations. The 

inter-study inconsistency seen in Tables 1–2 could reflect a lack of allelic specificity; most 

of these studies only report HLA serotypes since they were carried out before more 

sophisticated methods of HLA typing were developed. Within a HLA serotype or allele 

group, individual HLA alleles can differ greatly in terms of structure. Thus, in a given HLA 

serotype, particular alleles could predispose an individual to cSCC while other alleles could 

protect against cSCC, leading to the conflicting results [59]. Additionally, differences in 

HLA-cSCC associations among these studies could reflect differences in patient population 

beyond what was previously discussed (i.e. geography), methodology (i.e. composition of 

the control group), immunosuppression protocols (azathioprine has been reported to increase 

cSCC risk), or other unidentified factors [60,61]. Here we outline future work to address 

some of these limitations.

4.1 More Precise Typing of HLA Alleles Associated with cSCC

As previously discussed, most of the HLA-cSCC association studies use serological typing, 

which cannot completely distinguish between different HLA alleles. High-resolution and 

high-throughput HLA DNA typing would allow researchers to identify the exact HLA allele 

associated with cSCC. Such precision is needed given that different alleles even within the 

same allele group can differ in efficacy of cSCC tumor antigen presentation [11,62].

4.2 Functional Analyses of HLA-cSCC Associations

Most HLA association studies focus on HLA proteins as single units. Marthandan et al. [63] 

describe a novel genetic association analysis approach, where HLA genes and proteins are 

subdivided into smaller, biologically-relevant sequence features. Sequence features are 

amino acid sequences categorized by structural (such as α-helices and β-sheets) and 

functional information (such as peptide antigen binding sites). The sequence feature variant 

analysis method would elucidate the biological nature of associations between cSCC risk 

and germline HLA allelic variants, by allowing researchers to better pinpoint molecular 

determinants of risk underlying these associations. Such an analysis would focus on 

molecular variants between HLA alleles that are likely of biological importance, unlike 

traditional analyses that focus on individual polymorphic amino acids without considering 

their structural and functional context. Additionally, sequence feature variant analysis can 

improve statistical power of small data sets. HLA-cSCC association studies may produce 

nonsignificant results if the HLA allele in question is rare. Rare alleles could be 

appropriately grouped with alleles that present similar antigens and interact with T-cell 

receptors in a similar manner, increasing the statistical power for this particular sequence 

feature variant type. The sequence feature variant type method has been validated in 

association studies between particular HLA alleles and autoimmune diseases [63,64]. 

Understanding the nature of HLA amino acid residues involved in cSCC risk can improve 
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understanding and prediction of cSCC tumor antigens. This would help to further understand 

cSCC pathogenesis and could help direct cSCC immunotherapy.

4.3 Further Evaluation of Tumor Antigens Involved in cSCC Pathogenesis

cSCCs are characterized by cellular heterogeneity and are some of the most highly mutated 

human cancers [34]. Further investigation of tumor antigens involved in cSCC pathogenesis 

is necessary, especially given that there is currently no targeted treatment option for cSCC 

widely in use [65]. Some cSCC tumor antigens in immunocompetent patients have been 

identified, such as mutated TP53, HRAS, CDKN2A, PTCH, KNSTRN, CARD11, 

NOTCH1, and NOTCH2 gene products, overexpressed HER-2, MUC-1, EGFR, Fyn, and 

Ep-CAM gene products, as well as cancer-testis antigens [34,35,53,65–68]. Additional 

tumor antigens in cSCC driver genes have been described among immunosuppressed 

patients, including FAT1 [69,70]. Given that immunosuppressed patients face increased risk 

of cSCC and are more prone to aggressive, metastatic disease, cSCC tumor antigens in this 

particular patient group should also be further investigated [71]. Studies have identified 

peptide epitopes from various diseases associated with HLA, which has informed analysis of 

the specific HLA residues involved in antigen binding and presentation [72]. Similar 

analysis of cSCC tumor antigens would be very informative regarding HLA-cSCC 

associations, especially because more than 90% of cSCC patients samples at least partially 

express HLA class I [73]. Thus, an important part of cSCC pathogenesis may involve 

presentation of tumor antigens to T-cells, warranting further identification of the antigens 

themselves.

5. DISCUSSION

Having reviewed the literature for HLA-cSCC associations and discussed HLA-cSCC 

associations in immunocompetent versus immunosuppressed populations, we now highlight 

implications of the reported associations for cSCC pathogenesis. The reported 

heterogeneous expression of class I HLA proteins on the surface of cSCC cells reinforces 

the idea that immunogenetic regulation is involved in cSCC pathogenesis. Unlike BCC and 

melanoma, cSCC tumors often retain partial expression of class I HLA proteins, suggesting 

that cell surface expression of these proteins may play an important biological role. cSCC 

tumors also display aberrant surface expression of class II HLA proteins, which may serve 

as a mechanism for immune escape. Particular HLA genetic variants are associated with 

cSCC in immunocompetent and immunosuppressed patients, with more evidence for class I 

HLA-cSCC associations in immunosuppressed patients than in immunocompetent patients. 

Class I HLA could play a more important role in cSCC in immunosuppressed patients 

because HPV may be a co-factor in tumorigenesis- class I HLA proteins present intracellular 

peptide antigens, including viral proteins degraded into peptides.

In summary, we report a systematic review of associations between HLA and cSCC risk, 

both in terms of how germline HLA allelic variants modulate cSCC risk and how cell-

surface HLA protein expression levels as well as HLA matching during transplantation are 

associated with cSCC risk. The observed data are used to propose putative mechanisms for 

these HLA-cSCC associations. This review contributes to the growing understanding of 
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cSCC pathogenesis from an immunological standpoint, which can aid in effective prevention 

and treatment of cSCC. This review also highlights future work that could further illuminate 

the immunogenetic etiology of cSCC.
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Fig 1. 
Diagram of Study Selection
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