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Abstract

Psoriasis is a chronic inflammatory skin condition with regional and ethnic differences in its prevalence and clinical manifes-
tations. Human leukocyte antigen (HLA)-Cwo6 is the disease allele conferring the greatest risk to psoriasis, but its prevalence
is lower in Asian individuals. Recent studies have found associations between HLA-Cw1 and some Asian populations with
psoriasis, especially Southern Chinese. HLA-Cw6 was associated with type I early-onset psoriasis, guttate psoriasis, Koeb-
ner phenomenon, and better response to methotrexate, interleukin (IL)-12/23, IL-17, and IL-23 targeting drugs. In contrast,
HLA-Cwl positivity has been associated with erythrodermic psoriasis, pustular psoriasis, and the axial type of psoriatic
arthritis. Furthermore, HLA-Cw1 was more frequently associated with high-need patients who did not respond to conventional
therapies. No known trigger factor nor autoantigen has been identified for HLA-Cw] positivity. However, HLA-Cw] has
been linked to some viral agents. For example, cytotoxic T lymphocytes recognize multiple cytomegalovirus pp65-derived
epitopes presented by HLA alleles, including HLA-C*01:02. In addition, cytomegalovirus can lead to severe exacerbation
of psoriatic skin disease. The proposed interaction between viral infection, HLA-Cw1, and psoriasis is through the killer cell
immunoglobulin-like receptors of natural killer cells. Given the diverse nature of psoriasis pathogenesis and the difference
in HLA-Cw prevalence in different racial groups, more studies are needed to confirm the role of HLA-Cw] in psoriasis.

Key Points 1 Introduction

Human leukocyte antigen (HLA)-Cwl is a less recog- Psoriasis is a common inflammatory disease characterized
nized but important HLA-Cw allele associated with by the infiltration of inflammatory cells into the epidermis
psoriasis in some Asian ethnicities. and altered keratinocyte differentiation. Genes, immune dys-

regulations, and environmental triggers are the three critical
factors in its pathogenesis. However, psoriasis is a hetero-
geneous disease presenting with different manifestations.
Its prevalence varies from 0.09 to 5.1% [1]. Genome-wide
association studies have identified more than 60 psoriasis
susceptibility regions, which are believed to contribute to
the activation of T helper-17 cells [2, 3]. In a meta-analy-
sis of genome-wide association studies, 63 loci have been
identified for European ancestry individuals [4]. Among all
the psoriasis susceptibility genes, human leukocyte antigen
(HLA)-C*06:02 is the most significant risk allele. HLA-C is
involved in the immune responses by presenting antigens to
CD8+ T cells, the main inflammatory T cells that migrate
54 Tsen-Fang Tsai into the epidermis, and by interacting with natural killer

tftsai @yahoo.com (NK) cell receptors [5, 6]. The impact of HLA-Cw6 on psori-
asis has been reviewed [7]. However, the prevalence of HLA-
C*06:02 varies widely, higher in Caucasian than in Asian
individuals [7]. The frequencies of the HLA-Cw6 allele
were only 18.6% and 16.18% among Chinese patients with

Patients carrying HLA-CwI tend to show higher disease
activity, have an increased risk of developing erythroder-
mic psoriasis, and are more refractory to treatments.
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psoriasis [8, 9], while the prevalence was 45.9% in Finnish
patients with psoriasis [10]. The effect of other HLA-Cw
alleles on psoriasis is less studied. Recently, HLA-C*01:02
and HLA-A*02:07 were reported to confer a specific risk
for psoriatic patients in Southern China [11]. HLA-C*01
has also been identified as a common HLA-C in some other
ethnicities [11-17].

There are ethnic differences in the presentation of psoria-
sis. Infection is a less common trigger for psoriasis in Asian
individuals [18]. Atopic dermatitis in Chinese patients was
shown to have more psoriasiform features [19]. A T helper-
2-high psoriasis cluster has also been identified based on
gene expression profiles of lesional skin specimens in a Chi-
nese psoriasis population [20]. In specific ethnicities, some
distinct characteristics were observed in HLA-CwI-positive
patients [21, 22]. Therefore, it is important to summarize
the current reports regarding the role of HLA-Cw*01 in the
complex interplay between immunity and psoriasis.

2 Role of HLA-Cw1 in the Inmune System

Enhanced wound-healing abilities and a lower risk of infec-
tions, in particular leprosy, were reported in patients with
psoriasis [23]. The resistance to infections has been par-
tially attributed to the overexpressed antimicrobial peptides.
One of which is believed to be LL-37, a cathelicidin pep-
tide that is increased when the skin is exposed to external
factors, such as skin trauma or infection [24]. LL-37 has
antimicrobial activity and immunomodulatory functions,
including induction of immune mediators and regulation of
inflammatory responses, linking the antimicrobial defense
system with the pathogenesis of psoriasis [24]. In psoriatic
skin, LL-37 activates plasmacytoid dendritic cells by form-
ing a complex with self-DNA, initiating interferon-alpha
production [25]. Another study simulating the interaction
confirmed the high binding affinities of smaller peptides
derived from LL-37 to the HLA-C*06:02 molecule [26].
The complex formed by LL-37 serves as an autoantigen,
which interacts with a T-cell receptor, leading to the patho-
genic T-cell response in psoriasis [26]. In addition, patients
with HLA-Cw*06:02 homozygotes showed significantly
more improvement in the Psoriasis Area Severity Index,
compared with heterozygous and HLA-Cw*06:02-negative
patients after a tonsillectomy [27].

Other proposed autoantigens of psoriasis include a dis-
integrin and metalloproteinase with thrombospondin motifs
(ADAMTS)-like protein 5 [28], and keratin 17 [29], a pep-
tide constitutively expressed in hair follicles that shares
extensive sequence homology with streptococcal M proteins
[30]. Moreover, HLA-C*06:02 has been linked with positive
swabs indicating streptococcal throat infections and chronic
or recurrent streptococcal tonsillitis [31, 32]. In contrast,
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HLA-Cw*01:02 represents an HLA-C group 1 (HLA-CI)
molecule and interacts with the KIR2DL2 and KIR2DL3
receptors, which normally inhibit the cytotoxicity of NK
cells [33-35]. Briefly, HLA-Cw*01:02-binding peptides
antagonize the inhibition mediated by KIR2DL2/KIR2DL3,
leading to activation of NK cells [35]. In a meta-analysis
of five articles, the KIR2DL2 polymorphism was signifi-
cantly associated with psoriatic arthritis (odds ratio [OR]
= 1.269, p = 0.003) [36]. Theoretically, the differences in
HLA-Cw distribution may influence the clinical manifesta-
tions and types of trigger factors for psoriatic diseases [18,
37]. However, the immunological function of the HLA-C
locus alleles was questioned from an evolutionary aspect
[38], and there is significant linkage disequilibrium within
the extended haplotype harboring HLA-Cw, with A*02:07-
C*01:02-B*46:01 present in the Southern China population
[39, 40]. Thus, further studies are required to investigate the
roles of HLA-C*01 and its corresponding antigens/autoanti-
gens in the pathogenesis of psoriasis.

3 HLA-Cw1 Allele Frequency in Patients
with Psoriasis

There is evidence supporting the association between
HLA-Cwl and psoriatic diseases in different ethnic groups
(Table 1), especially in Thai [12] and Southern China popu-
lations [11]. In Thai patients, the HLA-Cw] allele frequency
of type I early-onset psoriasis compared with controls was
35% vs 16% (p < 0.05) [13]. Type II psoriasis, which was
characterized by an age at onset greater than 40 years, also
exhibited a higher allele frequency of Cw1 at 29% compared
with controls at 16% (p < 0.05) [13].

In a study that compared the HLA susceptibility of 4493
patients with psoriasis and 4649 controls from Southern
China, and 3657 patients with psoriasis and 5257 controls
from Northern China, HLA-C*06:02 and HLA-C*07:04
were significantly increased in both patient groups. How-
ever, HLA-C*01:02 (OR = 1.32, p =2.45 x 10”) and HLA-
A*02:07 (OR=1.67,p=2.49 X 107"y were associated with
an increased risk of psoriasis only in patients from Southern
China using a logistic regression and stepwise conditional
analysis [11]. HLA-C*06:02 and HLA-C*07:04 showed sim-
ilarities in peptide binding preference [41], whereas HLA-
C*01 and HLA-A*02 [42] have very similar binding motifs,
suggesting possible yet unidentified antigen/autoantigens in
the pathogenesis of patients with psoriasis with HLA-Cwl1
positivity. Interestingly, HLA-A*02:07 was also reported to
be associated with psoriasis in Japanese individuals [43].

Additionally, the HLA-C*01 allele was significantly
more frequent in Turkish patients with psoriasis than in
control groups (8.1% vs 2.1%, p = 0.02), leading to an OR
of 4.15 (95% confidence interval [CI] 1.15-15.01) [14]. In
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Table 1 Summary of HLA-Cwl serotype frequency, positivity, and samples sizes of patients with psoriasis and non-psoriatic controls in differ-

ent populations

References Country HLA-CwlI serotype HLA-Cwl serotype HLA-Cwl posi-  HLA-Cwl posi-  Num- Number
frequency in frequency in con- tivity in patients  tivity in controls  ber of of con-
patients (%) trols (%) (%) (%) patients  trols

Caietal. [11] Southern China 12.7 16.8 3657 5257

Cardili et al. [88] Brazil 1.6 1.7 125 202

Chiu et al. [54] Taiwan 27 24 398 400

Choonhakarn et al.  Thailand 26 16 140 300

(13]
Cibulova et al. [89] Czech Republic 6.4 7.1 153 99
Gonzalez et al. [90] Spain 10 7.3 110 177
Kim et al. [91] South Korea 22.6 21.4 84 98
Nakagawa et al. [92] Japan 14 27 56 100
Onsun et al. [14] Turkey 8.1 2.1 150 145
Shaiq et al. [16] Pakistan 473 2.90 351 593
Shawkatova et al. Slovakia 4.42 6.07 147 107
[93]

Szczerkowska Poland 2.4 5 41 80
Dobosz et al. [94]

Tiilikainen et al. Finland 13.5 14.3 37 483
[10]

Tsai et al. [9] Taiwan 22.14 19.95 136 426

Zhang et al. [95] China 7.5 10.1 166 204

one study that recruited Kuwait children, the association
of HLA-Cw1 with psoriasis was observed in 9 out of 50,
resulting in an OR of 3.01 (95% CI 1.00-9.50) [15]. In the
same study, among 25 patients with a positive family his-
tory, seven patients carried the HLA-Cw] allele, indicating
an OR of 5.44 (95% CI 1.46-19.35) [15]. Another study
focusing on the Pakistani population revealed an association
between HLA-Cw]I and psoriasis (OR = 1.66) [16]. Signifi-
cant HLA-C allele associations were observed in Singapore
Chinese patients with psoriasis, with an OR of 2.19 (95%
CI 1.45-3.33) for HLA-Cwl [17]. However, no association
between HLA-Cwl and Caucasian patients with psoriasis
was observed [12].

4 HLA-Cw1 and Clinical Presentations
of Psoriasis

The strong connections between HLA-Cw6 and psoriatic
diseases have been well documented [7]. One review arti-
cle highlighted that the allele is associated with early-onset
psoriasis, guttate psoriasis, psoriatic arthritis, and Koeb-
ner phenomenon [7]. Patients with psoriatic arthritis with
HLA-Cw6 positivity more often have an early onset, and
their cutaneous symptoms often develop before arthritis
[7]. HLA-Cwo6-positive patients have been shown in sev-
eral studies to be more responsive to methotrexate [44,

45], anti-interleukin (IL)-12/23 [46, 47], anti-IL-17 [48,
49] and IL-23 drugs [50]. However, inconsistent data were
reported in patients receiving secukinumab [51]. Moreo-
ver, anti-tumor necrosis factor agents showed less efficacy
in patients with HLA-Cw6-positive psoriasis [48]. In com-
parison, HLA-Cw1-B46 carriers were reported to be clini-
cally distinct, showing a lower risk of disease, greater nail
involvement, and a later age at onset [12]. Interestingly, the
HLA-Cw1-B46 haplotype imparts a risk for Asian individu-
als [12].

Erythrodermic psoriasis is a potentially fatal presenta-
tion of psoriasis. A higher frequency of severe psoriasis
was reported in Asian individuals, [52] as well as erythro-
dermic psoriasis (OR = 5.56, p = 0.018) [37]. In Chinese
patients with erythrodermic psoriasis, HLA-C*01:02 was
reported to be the most frequent HLA-C allele (34.4%). 121].
Regarding the allele frequencies of individuals carrying
HLA-C*01:02, patients with plaque psoriasis (21.9%) had a
significantly lower frequency than those with erythrodermic
psoriasis (34.4%, p = 0.02), but was similar to healthy con-
trols (21.2%) [21]. HLA-CwI phenotype frequency is sig-
nificantly increased in Japanese patients with generalized
pustular psoriasis, standing at 46.2% compared with 22.2%
in healthy controls [22]. Based on a study recruiting Thai
patients with psoriasis, a significant increase of MICA*010
in patients with psoriasis represents a marker of the HLA-
B46-Cwl haplotype [53].
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The severity of psoriasis was also found to be associated
with HLA-Cwl in a Chinese study. The HLA-Cw] allele
was significantly increased in patients with moderate-to-
severe psoriasis compared with all patients with psoriasis
(32% vs 22%, p = 0.023) [54]. The authors also highlighted
the elevated allele positivity of HLA-CwI-B46 compared
with all patients with psoriasis (49% vs 29%, p = 0.004).
The HLA-CwI-B46 allele was associated with early-onset
(age <40 years) psoriasis (p = 0.012), but not late-onset
psoriasis (p = 0.065) [54]. In the same study, differences in
the Psoriasis Area Severity Index 50 response to alefacept
at week 12 was significant between HLA-CwI-positive and
HLA-Cwl-negative individuals (0% vs 57%, p = 0.026).

5 HLA-Cw1 and Psoriatic Arthritis

A high prevalence of HLA-Cw]I antigens has been described
in spondylarthritis since 1978, [55-58] and in patients with
the spondylitis type of psoriatic arthritis [59]. The HLA-
Cwl allele was increased in Spanish patients with psoriatic
arthritis, especially the axial type, although this association
may be secondary to the linkage between HLA-B27.5 and
HLA-Cwl [60]. In one study, genotyping was performed
in 47 Chinese patients with active peripheral-type psoriatic
arthritis despite conventional treatment, HLA-Cw*07.:02 was
the most frequent allele (29.8%), followed by HLA-C*01
(26.6%) [61]. Shao et al. described four phenotypes with
a significant positive association with psoriatic arthritis,
including HLA-C*01, *02, *06, and *12, in a meta-analysis
of European and Middle Eastern descent [62].

6 HLA-Cw1 and Infectious Agents

Genetic variations in HLA may be the result of evolutionary
adaptation in response to environmental stress, such as cli-
mate and the prevalence of infectious diseases [63]. HLA-C
plays an essential role in the protection against cancers and
viruses, and has also been implicated in rheumatic diseases,
including psoriasis and psoriatic arthritis [64]. The HLA
serotype may also play a role in the global coronavirus pan-
demic. In a recent Italian study, HLA-B*44 and HLA-C*01
were found to be positively and independently associated
with COVID-19 with a growth rate of 16% per 1% point
increase in HLA-B*44 prevalence and of 19% per 1% point
increase in HLA-C*01 prevalence [65].

The proposed function of HLA-C in autoimmune and
inflammatory diseases is to present antigens to T cells
and to drive the innate immunity through binding activat-
ing or inhibitory receptors on NK cells [64]. HLA-Cwl
was increased in patients with various clinical forms of
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tuberculosis, [66]. which is possibly due to the inhibition
of NK cell activity through killer cell immunoglobulin-
like receptors [35]. However, a meta-analysis of case-
control studies failed to confirm this association [67].
Among the HLA-Cw homozygous subjects in a Han cohort
seropositive with human immunodeficiency virus type 1,
HLA-Cw*01:02 was the predominant allele [68]. HLA-
Cw*01:02-presented human immunodeficiency virus
type 1 p24 peptide modulates the inhibitory receptor
KIR2DL2, leading to functional inhibition of NK cells
[6, 69]. Increased risks for tuberculosis onset as well as
inflammatory reconstitution inflammatory syndrome were
reported to be associated with the KIR2DS2 gene, [70].
demonstrating the participation of HLA-C1 in the activa-
tion of NK cells [71].

The relationship between viral infection, psoriasis, and
HLA is complicated. Human immunodeficiency virus
infection increased the incidence of psoriasis in different
reports [72—74]. Gambardella et al. [75] reported a patient
presenting with cytomegalovirus (CMV), followed by a
severe aggravation of psoriasis. Serology investigations
of the patient revealed persistent positive IgM anti-CMV
> 28 UA/mL, positive IgG anti-CMYV, yet negative results
for CMV-polymerase chain reaction and IgG anti-CMV
avidity [75]. An interactive relationship between the sever-
ity of psoriasis and CMV infection has been proposed
[76]. To be more specific, reduced circulating CMV-spe-
cific T cells were observed in patients with CMV-sero-
positive psoriasis who received effective anti-psoriatic
treatment compared to CMV-positive healthy controls
[76]. Cytotoxic T lymphocytes recognize multiple CMV
pp65-derived epitopes presented by HLA alleles, including
HLA-C*01:02 [77]. In an analysis based on each allotype
in the HLA-C locus, the frequency of CMV pp65-specific
CD8+ T cells secreting interferon-y was the highest for
HLA-C*08:01, followed by HLA-C*01:02 [78].

Further evidence supporting the involvement of infec-
tious agents in the pathogenesis of psoriasis through killer
cell immunoglobulin-like receptors and NK cells lies in
the treatment of psoriasis. In parallel to anti-psoriatic ther-
apy, an enhanced proportion of acute activated CD8+ T
cells were replaced by effector differentiated CD8+ T cells
in CMV-seropositive patients with severe psoriasis [76]. In
contrast to LL-37, a proposed autoantigen for HLA-Cwo6,
[26] there is no confirmed T-cell autoantigen for HLA-
Cwl to our knowledge. The absence of obvious trigger-
ing antigens and the presence of highly prevalent (95%)
CMV infection among patients with psoriasis [79] might
explain the persistent of more refractory disease activ-
ity in patients with HLA-Cw]I positivity. More research
is needed to elucidate whether HLA-Cw]I plays a role in
triggering or influencing the disease severity of psoriasis.
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Table2 Summary of ethnicities, clinical features, autoantigens, ligands, infections, and comorbidities associated with HLA-Cwl and HLA-Cw6

serotype

HLA-Cwl

HLA-Cw6?

Ethnicities Kuwait [15]

Pakistan [16]
Singapore Chinese [17]
Southern Chinese [11]
Thai [12]

Turkish [14]

Phenotypes Erythrodermic psoriasis [21]
Pustular psoriasis [22]
Nail involvement [12]
Positive family history [15]
Treatments Refractory to alefacept [54]
Autoantigens -

KIRs as ligands KIR2DL2 [6, 69]

KIR2DL3 [33-35]

Infections CMV [76, 77]

Comorbidities Dyslipidemia [17, 80]
Crohn’s disease [81-83]

Schizophrenia [84-87]

All ethnicities (higher in Caucasians)

Guttate psoriasis
Photosensitive
Early-onset (type I)
Psoriatic arthritis

Good response to methotrexate, anti-
IL-12/23, anti-IL-17°, anti-IL-23
agents [50]

Less responsive to anti-TNF agents [48]

LL-37

ADAMTSLS

Keratin 17 [29, 30]

KIR2DL1

Streptococcal pharyngitis
HIV®

Overweight
Atherosclerosis

ADAMTS a disintegrin and metalloproteinase with thrombospondin motifs, CMV cytomegalovirus, HIV human immunodeficiency virus, HLA
human leukocyte antigen, IL interleukin, KIRs killer cell immunoglobulin-like receptors, TNF tumor necrosis factor

*Data of HLA-Cw6 were summarized from the review article of Chen et al. [7] unless otherwise specified

"Inconsistent evidence reported

7 HLA-Cw1 and Other Comorbidities
of Psoriasis

Psoriasis is linked to systemic inflammation and multiple
comorbidities, which is often related to the severity of skin
lesions and coexisting psoriatic arthritis [17, 80].

An increased cardiometabolic burden has been high-
lighted because of the risk of significant morbidities and
mortalities. The association of HLA-CwI and dyslipidemia
was reported in Singapore Chinese patients [17]. Another
Japanese cohort demonstrated BTN2A1, a gene within the
major histocompatibility complex class I region, may play
a role in the higher frequency of dyslipidemia in patients
with psoriasis [80].

In a meta-analysis, patients with psoriasis showed a
2.53-fold risk of developing Crohn’s disease and a 1.7-fold
risk of developing ulcerative colitis, [81] which could be
explained by shared susceptibility loci [82]. The HLA-
C*01 allotype has been correlated with an increased risk of
Crohn’s disease in a large genome-wide association study
performed on Korean individuals [83]. In systemic reviews

and meta-analyses, patients with psoriasis were also found to
have a higher risk of schizophrenia [84] and vice versa [85].
In the Irish Schizophrenia Genomics Consortium, which
recruited 1606 patients and 1794 controls, HLA-C*01:02
was identified as the most significant HLA associated with
schizophrenia [86]. A shared genetic risk between psoriasis
and schizophrenia has been observed [87].

8 Conclusions

There is a growing understanding of the immunopathogen-
esis of immune-mediated inflammatory diseases, such as
psoriasis. Involvement of a host gene polymorphism along
with the interaction between infectious agents and killer
cell immunoglobulin-like receptors of NK cells have been
proposed based on investigations of viral infections such as
CMV. A summary of characteristics of patients with pso-
riasis carrying HLA-Cw] in comparison to HLA-Cw6 is
provided in Table 2. HLA-Cw6 is the most well-recognized
HLA serotype, affecting susceptibility, phenotype, disease
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course, and response to the treatment of psoriasis. Patients
with HLA-Cw6 also respond better to conventional treat-
ments and some biologics despite more extensive plaques.
HLA-Cwl is a less recognized but an important HLA-C
serotype associated with psoriasis in some Asian ethnici-
ties. Patients carrying HLA-Cw] tend to show higher disease
activity, have an increased risk of developing erythrodermic
psoriasis, and are more refractory to treatments. Compared
to HLA-Cwo6 patients, there is a lack of identified exogenous
triggers or autoantigens in HLA-Cw] patients with psoriasis.
Future research is needed to elucidate the role of HLA-CwI
in psoriasis.
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