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Abstract
Objective
The TYK?2 gene encodes a tyrosin kinase which is involved in multiple immune functions. A functional variant of
this gene has been identified to play a protective role in multiple autoimmune diseases. The goal of this study was to
evaluate the involvement of this variant of TYK?2 in vasculitides [giant cell arteritis (GCA), ANCA-associated vasculitis
(AAV) and IgA vasculitis (IgAV)] and viral infections [hepatitis C virus (HCV) and human immunodeficiency virus
type I (HIV-1)].

Methods
The study sample was composed of 13,745 European individuals. The genotyping was performed by Immunochip
and TagMan 5’ allele discrimination assays and the allele frequencies were compared using PLINK.

Results
Although the results obtained did not reach the genome-wide level of significance, p-values at nominal significance were
observed, suggesting that the TYK?2 variant provides protection against two vasculitides: GCA (p=5.94E-3; OR (95%CI)
=0.56 (0.37-0.85) and AAV (p=6.79E-3; OR (95%CI) = 0.65 (047-0.89). However, this variant was not found to be
associated with IgAV. No evidence was gained that the TYK2 variant confers susceptibility to HCV and HIV-1 infection.

Conclusion
This is the first study to propose the association between the TYK2 and both GCA and AAV.
Our findings also suggest that TYK?2 does not play a relevant role in IgAV or in susceptibility to HCV and HVI-1.
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Introduction

The aetiology of autoimmune diseases
is not well understood, although there is
evidence that interaction between mul-
tiple susceptibility genes and environ-
mental factors influences the predisposi-
tion and prognosis of these diseases (1).
Occasionally, immune disorders share
some genetic components, thereby sug-
gesting that some molecular pathways
may be common to these disorders (2).
An example of a common risk locus
for autoimmune diseases is TYK2. This
gene encodes a tyrosine kinase mem-
ber of the Janus kinase (JAKs) family,
which role in many immunological pro-
cesses has been widely reported (3, 4).
It is known that TYK2 is involved in
type I interferon (IFN) and interleukin
(IL12 and IL23) signalling (4). TYK2
is also implicated in Th1 and Th17 cell
differentiation and is engaged in natural
killer (NK) cell and B-cell maturation
(5, 6). In the last decade, several studies
have described the association between
different polymorphisms in this locus
and multiple autoimmune diseases such
as systemic lupus erythematosus (SLE),
Crohn’s disease (CD), rheumatoid ar-
thritis (RA) and systemic sclerosis (SSc)
(7-10). To identify genetic associations
within the TYK2 region, Dendrou et
al. carried out a thorough analysis that
revealed that TYK2 plays a protective
role in autoimmunity. The authors also
found that rs34536443 (P1104A) is the
only polymorphism with a demonstrable
impact on TYK?2 function by causing an
imbalance in cytokine signalling (11).
Systemic vasculitides are a heterogene-
ous group of autoimmune diseases by
which inflammation in the blood vessel
walls leads to tissue injury and eventu-
ally organ failure (12, 13). Despite the
considerable progress made during the
last decade in the understanding of the
genetic basis of systemic vasculitides,
the number of identified risk loci for
most types of vasculitis remains sig-
nificantly low as compared to other
immune-mediated diseases (14, 15).
Based on the existing evidence that
TYK? is an interesting candidate gene,
we investigated if a reported functional
variant of TYK?2 (rs34536443, P1104A)
plays a role in systemic vasculitis.
Three clinical patterns of vasculitides

were analysed, namely: giant cell arte-
ritis (GCA), anti-neutrophil cytoplasmic
antibody (ANCA)-associated vasculitis
(AAV) and immunoglobulin A (IgA)
vasculitis (IgAV).

Interestingly, there is evidence of loss-
of-function mutations in TYK?2 that in-
crease susceptibility to microorganisms
by inhibiting the cytokine-like type I
IFN-signalling pathway (16, 17). Sever-
al studies have assessed the association
between the TYK?2 locus and different
infectious conditions including Cha-
gas disease (18) and tuberculosis (19).
However, no studies have been con-
ducted to analyse the specific role of the
functional TYK?2 variant in viral infec-
tions. Considering the above and taking
into account that type I IFN pathway is
essential for the anti-viral immune sys-
tem (20), we decided to investigate the
potential association between the func-
tional variant of TYK2 and two common
and severe viral infections, i.e. hepatitis
C virus (HCV) and human immunodefi-
ciency virus type I (HIV-1).

In summary, the aim of this study was
to determine the role of the functional
TYK2 variant rs34536443 in autoim-
munity and viral infections. To such
purpose we analysed the association be-
tween TYK2 and three clinical patterns
of vasculitides (GCA, AAV and IgAV)
and two types of viral infections (HCV
and HVI-1).

Material and methods

Study cohorts

The study population used to investigate
the association between the TYK2 vari-
ant 1534536443 and clinically distinct
patterns of vasculitides was composed
of 11,892 individuals. The GCA sample
consisted of 763 Spanish individuals
diagnosed in accordance with the 1990
American College of Rheumatology
classification criteria (21). Only patients
with a positive temporal artery biopsy
were enrolled, as described elsewhere
(22). IgAV data were collected from
315 patients from Spain diagnosed ac-
cording to the guidelines established by
Michel et al. (23) and the American Col-
lege of Rheumatology classification cri-
teria for IgAV (24). AAV data were com-
piled from 685 patients from UK diag-
nosed using the EMEA clinically-based
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Table I. Genotype and minor allele frequency of rs3456443 in patients diagnosed with vasculitis and healthy individuals.

Genotype, n (%) Allele test
Disease Population Subgroup (n) CC CG GG MAF  p-value* OR 95% C1
(%)
Giant cell arteritis (GCA) Spanish GCA patients (794) 0 (0) 29 (3.66) 761 (95.84) 1.84
Controls (1516) 0 (0) 98 (6.46) 1418 (93.54) 3.24 5.94E-3 0.56 0.37-0.85
IgAV vasculitis (IgAV) Spanish IgAV patients (311) 0 (0) 16 (5.14) 295 (94.86) 2.57
Controls (1516) 0 (0) 98 (6.46) 1418 (93.54) 3.23 3.88E-1 0.79 0.46-1.35
ANCA-associated vasculitis UK AAV patients (670) 1 (0.15) 40 (5.97) 629 (93.88) 3.13
(AAV) Controls (8604) 31 (0.36) 755 (8.77) 7818 (90.86) 4.70 6.79E-3 0.65 0.47-0.89

MAF: minor allele frequency; OR: odds ratio for the minor allele. *All p-values have been calculated for the allelic model.

algorithm (25). In total, 1,517 healthy
subjects from Spain and 8,612 from UK
were included as healthy controls. A
more detailed description of each cohort
is provided elsewhere (26-28).

A total of 1,853 individuals from two
independent cohorts from Spain were
included for analysis of viral infections
(HCV and HIV-1). HCV data were col-
lected from 253 subjects with persistent
HCYV infection (chronic hepatitis C) and
347 non-infected individuals, as de-
scribed elsewhere (29). The HIV-1 sam-
ple was composed of 893 subjects ex-
posed to HIV-1 infection by two distinct
routes of exposure (sexual and injection
drug use), 567 HIV-1 infected patients,
and 326 HIV-1 exposed uninfected
(EUI) subjects. In total, 360 healthy in-
dividuals who tested negative for HIV-1
and HCV were used as healthy controls.
The inclusion criteria have been de-
scribed in detail elsewhere (30).

The study was approved by the local
ethical committees of the different par-
ticipating centers in accordance with the
tenets of the Declaration of Helsinki.
Written informed consent was obtained
from all participants prior to enrolment
in the study.

Genotyping methods

and quality controls

Genotyping of vasculitis samples was
performed using the Immunochip plat-
form. Case and control genotypes were
obtained from previously published
Immunochip studies (26, 28, 31). The
same stringent quality controls were
applied to all Immunochip datasets, as
described before (26, 31).

Genotyping of viral infection cohorts
was performed using TagMan SNP gen-

Clinical and Experimental Rheumatology 2020

otyping technology. Genomic DNA was
extracted from peripheral blood sam-
ples by standard methods. Genotyping
was performed by 5 allele discrimina-
tion predesigned assays (assay_ID: C
60866522_10), Thermo Fisher Scien-
tific (Waltham, Massachussetts, USA)
in a LightCycler 480 Real-Time PCR
System (Roche Applied Science, Man-
nheim, Germany), and in a MX3005
thermocycler (Stratagene) for HVC and
HIV-1, respectively.

Statistical analysis

All statistical analyses were performed
using PLINK V1.07 (http://zzz.bwh har-
vard.edu/plink/) software (32). The %>
test was used to assess Hardy-Weinberg
equilibrium (HWE), which was deter-
mined at a significance level of 0.01 for
all groups of individuals. To establish
associations, we compared allelic and
genotypic frequencies in patients vs.
healthy controls. To avoid any statisti-
cal error arising from the use of differ-
ent genotyping platforms, comparisons
were performed using the same plat-
form. Statistical significance for these
comparisons was determined using 2x2
contingency tables and %> or Fisher’s
exact test, when necessary. Odds ratios
(OR) and 95% confidence intervals (CI)
were calculated according to Woolf’s
method. The genome-wide level of sig-
nificance (5.00E-08) was set as cut-off
p-value to define significant associa-
tions. Since the association between the
polymorphism analysed in the current
study and multiple autoimmune diseases
has been previously confirmed in sev-
eral independent studies (7-10), we used
the term “nominal significance” to re-
port findings with p-value <0.008, inter-

preting them as suggestive associations.
This p-value is obtained by performing
a multiple testing correction for six in-
dependent comparisons that have been
made in this work. The statistical power
of our study is shown in Supplementary
Table S1 and was calculated using Pow-
er Calculator for Genetic Studies 2006
software under an additive model (33).

Ethics approval

Consent was obtained from all patients,
and ethical approval obtained from
Comité de Bioética del Consejo Supe-
rior de Investigaciones Cientificas and
the local ethical committees of the dif-
ferent participating centres.

Results

The genotyping success rate exceeded
95% for all datasets. No divergence
from HWE was observed in any of the
groups tested.

Firstly, in order to explore whether the
TYK2 variant 1s34536443 was associ-
ated with the three clinically distinct
patterns of vasculitides (GCA, AAV
and IgAV), a comparison of allele fre-
quencies was performed in patients vs.
healthy controls. As shown in Table I,
the frequencies of the minor allele of
the TYK?2 variant were lower in patients
than in healthy individuals in all com-
parisons. Although the results revealed
no association at a genome-wide level
of significance, suggestive associations
at a nominal significance were observed
for GCA [p=5.94E-3; OR (95%CI) =
0.56 (0.37-0.85)] and AAV [p=6.79E-3;
OR (95%CI) = 0.65 (0.47-0.89)]. In
both cases, the studied polymorphism
potentially conferred protection against
GCA and AAYV, showing similar ORs.
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Table II. Genotype and minor allele frequency of rs34536443 in HCV or HIV-1 infected patients and healthy individuals.

Genotype, n (%) Allele test
Infection Population Subgroup (n) CcC CG GG MAF  p-value* OR 95% C1
(%)
Hepatitis C virus (HCV) Spanish HCYV patients (248) 1 (040) 14 (5.65) 233 (9395) 323
Controls (342) 1 (0.30) 25 (7.30) 316 (92.40) 395  S5.14E-1 0.81 043-152
Human immunodeficiency
virus (HIV-1) Spanish HIV-1 patients (563) 1 (0.17) 39 (693) 523 (92.90) 3.64
EUI (321) 0 (0) 23 (7.17) 298 (92.83) 358 9.50E-17  1.02 0.60-1.71
Controls (343) 1 (029 22 (641) 320 (93.29) 350 8.74E-1* 104 0.62-1.74

MAF: minor allele frequency; OR; odds ratio for the minor allele.
*All p-values have been calculated for the allelic model. ¥ p-value for the HIV-1 vs. EUI comparison; * p-value for the HIV-1 vs. controls comparison.

Regarding IgAV, although the direction
of the OR was consistent with the other
two vasculitides, the differences in mi-
nor allele frequency did not reach any
statistical significance [p=3.88E-1; OR
(95%CI) = 0.79 (0.46-1.35)].
Secondly, we investigated whether
TYK?2 may influence the risk for viral in-
fections. To such purpose, we analysed
the association between the rs34536443
variant and both HCV and HIV-1 infec-
tion. The results obtained did not reveal
any statistically significant differences
in allele frequencies between HCV-
infected individuals and healthy con-
trols [p=5.14E-1; OR (95%CI) = 0.81
(0.43-1.52)] (Table II). We also checked
for the association between the func-
tional TYK?2 variant rs34536443 and the
risk for HIV-1 infection. A comparison
was performed of allele frequencies
in healthy controls, infected patients
[p=9.50E-1; OR (95%CI) =1.02 (0.60—
1.71)], and individuals exposed to the
HIV-1 virus who remained uninfected
(EUI) [p=8.74E-1; OR (95%CI) =1.04
(0.62-1.74)]. We did not find any signif-
icant differences (Table II). Therefore,
our results suggested that the functional
TYK?2 variant 1s34536443 does not rep-
resent a risk factor for infection by HCV
or HIV-1.

Discussion

While TYK2 has been associated with
multiple immune-mediated diseases,
this is the first study to assess the role
of TYK2 in genetic predisposition to
GCA and AAV. The results of our study
identify the functional 7YK2 variant
1534536443 (P1104A) as a new poten-
tial protective factor against GCA and
AAV. In contrast, TYK2 rs34536443
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does not seem to play a relevant role
in IgAV. Finally, no evidence has been
obtained that 7YK?2 rs34536443 is a risk
factor for HIV-1 or HCV infection.

In line with the results of previous stud-
ies on autoimmune diseases, our study
suggested that TYK2 has a protective
role in GCA and AAV (8-10, 34). Of the
multiple immune mechanisms in which
TYK2 is involved, it has been described
to play a key role in the regulation of
multiple cytokines (16). The functional
TYK?2 variant rs34536443 encodes a
proline to alanine substitution at posi-
tion 1,104 in the kinase domain of the
protein. This substitution of highly
conserved residues reduces TYK?2 ac-
tivity by decreasing pro-inflammatory
cytokine signalling, such as type I IFN,
IL12 and IL23 (11). Interestingly, one
or more of these cytokine pathways
are involved in the pathophysiology of
GCA and AAV (35, 36). In addition, it
has been described that TYK?2 is im-
plicated in Th1 and Th17 cell differen-
tiation (6). In this sense, recent studies
have revealed that both cell types are
directly involved in the main immuno-
logical pathways which serve as mech-
anism effectors in the pathogenesis
of both types of vasculitides (35, 37).
Moreover, genes that encode proteins
related to IL12 and IL23 have been as-
sociated with vasculitides in previous
studies. More specifically, ILI2B and
ILI2RB2 have been recently described
as susceptibility factors for GCA (38,
39). ILI2B encodes a subunit shared
by IL12 and IL23, and ILI2RB2 en-
codes a transducing component of the
heterodimeric IL12 receptor (40). IL23
promotes Th-17 differentiation and
function. IL12 recruits tyrosine kinases

such as TYK?2 and is an essential cy-
tokine in Th1 response (41). Therefore,
in agreement with previous studies, we
provide further evidence of the involve-
ment of IL12/IL23 cytokine signalling
pathways and Th-1 and Th-17 cells in
the pathophysiology of these disorders.
However, given that the results of our
study only have detected associations
at a nominal significance, replication
studies will be needed to confirm the
protective effect of this variant in GCA
and AAV.

Our results do not support that TYK?2
plays a relevant role in the develop-
ment of IgAV. Other genes functionally
related to TYK2 have not been found
to be associated with IgAV either (14,
15). However, a possible association
cannot be definitely discarded, given
the low statistical power of this study
to detect moderate effects (OR=0.8).
Despite been the largest cohort of IgAV
European patients published to date,
further investigations will be required
to elucidate if 7YK?2 is involved in the
pathogenesis of this form of vasculitis.
The lack of TYK?2 function has been
related to the mild immunodeficiency
that characterises susceptibility to vi-
ral infection (16). However, no signifi-
cant association was observed between
TYK2 and susceptibility to HCV and
HIV-1 infection. Although the statisti-
cal power of this study to detect low ef-
fects is moderate, our findings are con-
sistent with the results of similar studies
on the association between TYK2 and
different infectious diseases. A recent
study investigated the role of TYK?2 in
susceptibility to tuberculosis in a West
African population (19). Another study
was undertaken to determine the associ-
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ation between TYK2 and HIV-1 control
(42). Although no studies have been
conducted to examine the role of the
functional variant TYK2 rs34536443,
no evidence has been obtained on a
genetic association between HIV-1 and
TYK?2 (19, 42). In a recent work, no re-
lationship was observed between TYK?2
and Chagas (18).

Given that the functional 7YK2 variant
1s34536443 seems to confer protection
against autoimmunity without increas-
ing the risk of infection, TYK2 could be
an excellent candidate for drug targeting
in therapies for autoimmune diseases
(11). In fact, the therapeutic inhibition
of JAK kinases is attracting increasing
interest from research groups (43).

In conclusion, the present study identi-
fies TYK?2 as a potential protective fac-
tor against GCA and AAV. In addition,
our results suggest that 7YK2 does not
play a relevant role in IgAV and is not a
risk factor for HIV-1 or HCV infection.
Yet, larger studies are necessary to com-
pletely discard the involvement of 7YK?2
in viral infections.
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