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Abstract

Ankylosing spondylitis (AS) is an autoimmune disease affecting parts of the skel-
etal structure in particular. Previously increased levels of the inflammatory cell
types Th17, Th22, Tc17 and Tc22 cells have been shown to be associated with AS.
Here, we analysed the levels of inflammatory T cell subsets, related cytokines
and clinical characteristics of AS patients vs controls from northern Sweden.
Peripheral blood mononuclear cells (PBMCs) obtained from 50 AS patients and
50 matched controls were short term stimulated with PMA/Ionomycin, stained
and analysed by flow cytometry. Plasma levels of Interleukin (IL)-17, IL-22, IL-10
as well as clinically relevant markers were determined. Compared to male con-
trols, male AS patients showed 1.5- to 2-fold increases of Th17 (P = .013), Th22
(P = .003) and Tc22 (P = .024) among CD45"CD3" lymphocytes. Plasma IL-22
levels correlated with the Tc17 proportion in male patients (R, = 0.499, P = .003)
and plasma IL-10 levels were inversely correlated with Tc17 among all patients
(R = —0.276, P = .05). Male patients with syndesmophytes showed significantly
higher Th17 proportions (P = .038). In female AS patients, Tc22 was negatively
correlated with C-reactive protein (high sensitivity) (hsCRP) (R, = —0.573,
P = .016). We confirmed increased proportions of inflammatory T cells and cor-
relations with relevant cytokines from male AS patients. The correlation between
Th17 and syndesmophytes supports a role of Th17 in the pathogenic process.

1 | INTRODUCTION

Ankylosing spondylitis (AS), also called radiographic
axial spondyloarthritis (r-axSpA), is part of the cluster of
SpA diseases. AS is characterized by typical radiographic

alterations in the sacroiliac joints due to sacroiliitis, and
commonly by typical skeletal changes in the spine caused
by the inflammatory process.' For unknown reasons, AS is
more common in men than in women, and men generally
develop more severe disease with more spinal radiographic
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alterations and a higher proportion of extra-articular man-
ifestations (EAM).” In about 85-90% of cases, AS shows a
genetic association with HLA-B27.>* However, the mech-
anisms underlying AS pathogenesis remain to be fully
revealed. It has been suggested that AS may be related
to functional alterations of antigen-presenting cells that
express HLA-B27, which tends to misfold and dimerize,
potentially triggering the interleukin-23/interleukin-17
(IL-23/IL-17) pathway.””

Prior studies of AS patients demonstrate non-lymphoid
IL-17-expressing cells,'® and relative increases of the pro-
portions of inflammatory T-cell subsets, such as Th17,
Th22, Tc17 and Tc22.'13 The effects of these increased
cytokines, including IL-17, IL-22 and IL-23,*!% have been
linked to bone remodelling.16'19 Moreover, treatment with
anti-IL-17A antibodies has clinical benefits, further sup-
porting that the IL-17/IL-23 pathway is involved in the
pathogenesis process.”’ Association between increased
levels of particular T-cell subsets and DAS28 has been
shown,?! but no studies have previously shown associa-
tion with clinical parameters such as syndesmophytes.
Moreover, little data are available regarding the influence
of sex hormones in terms of inflammatory cellular subsets
and/or clinical parameters.”” One investigation showed
increased levels of IL-17 and TH17 cells among males
with AS males, but not among females with AS.>

The present study was conducted in a cohort of well-
phenotyped AS patients from northern Sweden. We aimed
to test the hypothesis that particular inflammatory T cell
subsets are increased in AS patients, and are associated
with clinical characteristics of disease severity and some
pro- and anti-inflammatory cytokines.

2 | MATERIAL AND METHODS

2.1 | Patient cohort

The Backbone study was conducted in northern Sweden
to investigate AS severity and comorbidities. This study
included 155 patients with AS fulfilling the modified New
York criteria.?* Patients attending the rheumatology clin-
ics at three hospitals in Region Visterbotten in northern
Sweden with a diagnosis of AS (ICD-10 M45.9) were iden-
tified through the digital administrative system (n = 523)
in November 2015. The diagnosis of AS according to the
modified New York criteria’* was validated through the
medical records leaving 346 patients. Two hundred and
forty-six patients between 18 and 75 years of age and with-
out dementia, other inflammatory rheumatic diseases,
pregnancy, or difficulties in understanding the Swedish
language, were asked by postal invitation, between 2016
and 2017, to take part in the Backbone study. A detailed

flow chart over the inclusion process has previously been
published.”

The mean age of these AS patents was 55.5+ 11.4years,
and 107 (69.0%) were men. The patients with AS under-
went clinical examination and answered questionnaires
regarding medication and disease-related data. Mobility
was measured using the Bath Ankylosing Spondylitis
Metrology Index (BASMI). Disease activity and physi-
cal function were assessed using the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), the
Ankylosing Spondylitis Disease Activity Score based on C-
reactive protein (ASDAS-CRP) and the Bath Ankylosing
Spondylitis Function Index (BASFI).***’ Spinal radio-
graphic alterations were graded according to the modified
Stoke Ankylosing Spondylitis Spinal Score (mSASSS),”’
on which the overall score ranges from 0 to 72, with 72
representing complete ankyloses. An mSASSS score of >2
at a vertebral corner was considered to indicate a syndes-
mophyte and higher mSASSS indicates a more severe AS
disease.

Blood samples were drawn in the morning after over-
night fasting, and used for consecutive analysis of eryth-
rocyte sedimentation rate (ESR) and high-sensitivity
C-reactive protein (hsCRP). HLA-B27 was analysed using
PCR-SSP with amplification of exon 2. Plasma was stored
and frozen at —80°C. Plasma levels of IL-17A, IL-22 and
IL-10 were measured on the Meso Scale Discovery U-
PLEX (custom made) platform following the manufac-
turer’s instructions (Meso Scale Discovery®). According to
the manufacturer, the lower level of detection (LLOD) was
2.6 pg/mL for IL-17A, 0.13pg/mL for IL-22 and 0.14 pg/
mL for IL-10. IL-17A was below the LLOD in 90% of pa-
tients, and was thus not included in any further analyses.

Upon inclusion in Backbone, 106 (68.4%) patients do-
nated samples for PBMC freezing and storage at —80°C,
following the below-described protocol. Based on pre-
vious findings,21 we calculated that a sample size of 50
patients and controls would be sufficient for this project
(i.e. power of 80%). The control group included blood
donors fulfilling the Swedish criteria for blood dona-
tion.”*The upper age limit for blood donors was 65 years;
therefore, AS patients of >65years of age were excluded,
leaving 81 remaining patients. We also excluded HLA-
B27-negative patients (n = 3), leaving 78 patients. To
maintain a sex distribution similar to in Backbone, we
further excluded 19 men and 9 women, evenly distrib-
uted according to age. Thus, our study finally included 50
AS patients (mean age, 52.1 + 9.0 years; 66% men, 33/50;
34% women, 17/50) and 50 age- and sex-matched blood
donor controls (mean age, 54.6+9.1years; 66% men,
33/50; 34% women, 17/50). Cases and controls did not
significantly differ in age (P = .1) or sex (P = 1). Ninety-
six percent of the AS patients were born in Sweden. We
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have no data on the ethnicity or smoking status of the
blood donor controls.

PBMCs from the controls and AS patients were han-
dled following the same protocol. All of the participants
gave written informed consent. This study was approved
by the Ethics Review Board at Umed University, Ume4,
Sweden (Dnr 2016/208-31, Forsblad-d’Elia, PI), and was
conducted in accordance with the Helsinki declaration.

2.2 | Sample collection and freezing

Blood was collected from AS patients and controls in cell
preparation tubes (BD Vacutainer® CPT, #362753). These
tubes were centrifuged for 15min at 1500x g, and then
50% of the plasma was removed, followed by mixing of
the buffy coat and remaining plasma. The cell suspen-
sion was transferred to a 50-mL tube and kept on ice.
Roswell Park Memorial Institute (RPMI) 1640 medium
(Gibco, Thermo Fisher Scientific, #21875-034) was added
to a total volume of 40 ml, and then cell viability and con-
centration were assessed. Next, the cell suspension was
centrifuged at 250X g for 10 min. The supernatant was
removed, and the cell pellet was resuspended in foetal
bovine serum (FBS) (Gibco, Thermo Fisher Scientific,
#10500-064) to a concentration of 10 x 10° cells/mL FBS.
Next, we carefully added freeze medium (90% FBS/10%
DMSO), drop by drop, in the same amount as FBS. Cell
samples were stored at —80°C.

2.3 | Flow cytometry

Frozen cells were gently thawed at 37°C, transferred to
ice-cold Gibco™ PBS 1x pH 7.4 (Thermo Fisher scientific,
#10010-015), and then centrifuged at 300 X g for 10 min at
4°C. Next, the cells were washed in PBS, and 0.5-2x10°
cells were transferred to tubes. These cells were stimulated
for 5 hours at 37°C in an 5% CO, incubator in RPMI-1640,
l-glutamine, PenStrep (Gibco, Thermo Fisher scientific)
with PMA 50ng/mL and Ionomycin 1 pg/mL (Sigma-
Aldrich, # P8139, #10634) in the presence of Golgiplug
(diluted 1/1000) (BD Biosciences, # 555029). After wash-
ing with PBS, the cells were stained with BD Horizon™
Fixable Viability Stain 510, following the manufacturer's
instructions. After washing with FACS buffer (Gibco™
PBS 1x pH 7.4 containing 3% Gibco™ FBS; Thermo
Fisher scientific) and 0.01% sodium azide (Sigma-Aldrich,
#52002), the cells were surface stained using Brilliant
Stain Buffer (BD Biosciences, #566385) with a mix of
the following antibodies: anti-CD4 (RPA-T4, BV605,
#562658), anti-CD3 (APA1/1, FITC, #558261), anti-CD8
(SK1, APC-H7, #560179), anti-CD161 (DX12, PE-Cys5,

#551138) (BD Biosciences) and anti- Valpha7.2 (3C10,
APC, #351708, Biolegend). The cells were also intracellu-
larly stained using BD Perm/Wash™ (#51-2091KZ), anti-
IL-17A (SCPL1362, PE, #560436) (BD Biosciences) and
anti-IL-22 (IL22JOP, APC, #17-7222-82) (eBioscience™),
according to the manufacturer's instructions.

Stained samples were resuspended in FACS buffer and
analysed using an LSRII FACS machine (BD Biosciences).
Data were analysed using FACSDiva Software (BD
Biosciences) or FlowJo v10.4.2 (FlowJo, LLC) software.
For this analysis, we applied doublet discrimination, that
is, the exclusion of events in the flow cytometry that could
potentially result from cells appearing in pairs rather than
as single cells. Gates were set using fluorescent minus one
(FMO) controls or on discrete populations.

2.4 | Statistical methods

Descriptive statistics are presented as median and inter-
quartile range (IQR) or as absolute number and percent-
ages. Fisher's Exact Test or Chi-Square Test was applied
for categorical data. The Wilcoxon signed ranks samples
test with paired samples was applied for comparing cases
and controls, and for comparing groups with AS for con-
tinuous data. The Mann-Whitney U test was used for
continuous variables. Correlation analysis was performed
using Spearman'’s rank correlation test. Correlation analy-
sis included the following parameters: BASMI, BASFI,
mSASSS, ASDAScrp, crp, ESR, age, symptom duration,
BMI, presence or absence of syndesmophyte and smoking
(ever or never). All tests were two-tailed and P<.05 was
considered statistically significant. Multivariable logistic
regression analyses were run with >1 syndesmophyte as
dependent variables and percentage of TH17 cells and
known risk factors for radiographic spinal changes; age,
sex, smoking and hsCRP as independent variables. Due
to its skewed distribution, hsCRP and percentage of TH17
cells were log-transformed when used in the multiple lo-
gistic regression model. All data were analysed using IBM
SPSS Statistics 25 (IBM).

3 | RESULTS

3.1 | Characteristics of the AS cohort

This study included 50 AS patients and 50 matched con-
trols (blood donors). Table 1 displays the AS patients'
characteristics. Compared to the women, the men with
AS had significantly higher mSASSS, and more commonly
exhibited syndesmophyte presence. Otherwise, the char-
acteristics did not significantly differ.
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TABLE 1 Descriptive characteristics of 50 patients with ankylosing spondylitis, overall and stratified by sex
Total, n = 50 Men, n = 33 (66.0%) Women, n = 17 (34.0%) Pvalue
Age, years 54.5 (45.5-60.0) 53.0 (45.5-60.0) 56.0 (44.5-60.5) 6
BMI, kg/m> 26.2 (23.4-31.1) 27.0 (23.5-32.9) 25.0 (23.1-28.0) 1
Ever smoker 18 (36) 11 (33.3) 7(41.2) .6
Symptom duration, years 31.0 (21.0-39.0) 32.0 (21.5-39.5) 30.0 (20.5-38.0) 7
HLA-B27 positive 50 (100)
ESR, mm/h 8.0 (3.8-15.2) 6.0 (4.9-14.5) 10.0 (3.0-18.5) 5
hsCRP, mg/L 2.1(0.8-5.2) 1.8 (0.8-6.0) 2.3(0.7-3.8) 8
History of anterior uveitis 26 (52.0) 17 (51.5) 9(52.9) 9
History of peripheral arthritis 30 (60.0) 22 (66.7) 8(47.0) 2
ASDAS-CRP, score 1.8 (1.2-2.2) 1.8 (1.3-2.3) 1.8 (1.2-2.2) 7
BASDAL, score 3.4(2.2-5.5) 3.1(2.0-5.5) 4.0 (3.2-5.4) 2
BASFI, score 2.2(0.9-3.9) 2.1 (0.8-4.0) 2.5 (1.0-4.0) 7
BASMI, score 3.2(2.4-5.2) 4.0 (2.5-5.5) 3.0 (2.4-4.1) 2
NSAID, regular use 30 (60.0) 19 (57.6) 11 (64.7) .6
csDMARD 7 (14.0) 7(21.1) 0(0) .08
bDMARD 12 (24.0) 10 (30.3) 2(11.8) 2
csDMARD and/or bDMARD 14 (28.0) 12 (36.4) 2(11.8) 1
mSASSS, score 4(0-31.0) 18.0 (2.5-42.0) 1.0 (0.0-5.5) .006*
Syndesmophyte presence 23 (46.0) 19 (57.6) 4(23.5) .02%

Note: Values are presented as median with interquartile range (IQR) or number of patients and percent (%).

Abbreviations: ASDAS, Ankylosing Spondylitis Disease Activity Score; b, biologic (i.e. anti-TNF antibodies); BASDAI, Bath Ankylosing Disease Activity Index;
BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, body mass index; csDMARD, conventional
synthetic disease-modifying anti-rheumatic drug; ESR, erythrocyte sedimentation rate; HLA-B27, human leucocyte antigen B27; hsCRP, high-sensitivity C-

reactive protein; mSASSS, Modified Stoke Ankylosing Spondylitis Score; NSAID, non-steroidal anti-inflammatory drug. *P<.05.

3.2 | Increased frequencies of
TH17, TH22 and TC22 cells in male
AS patients, and correlations with
cytokines and clinical parameters

To reveal the potential contribution of inflammatory T-
cell subsets in our AS cohort, we performed flow cytom-
etry analyses of peripheral blood. Intracellular staining of
IL-17 and IL-22, and expressions of CD4 and CDS8, were
used to discriminate between Th17, Th22, Tc17 and Tc22.
Figure S1 presents the full gating strategy.

The proportions of IL-17- and IL-22-expressing cells
were generally sparse, but consistently detectable by flow
cytometry. Paired analysis revealed significantly higher
proportions of Th17 cells (P = .005), Th22 cells (P = .008)
and Tc22 cells (P = .025) in AS patients compared to con-
trols. Next, we split the groups into females and males. In
Figure 1, the observed distributions in different groups,
including Tc17 cell frequencies, are displayed as truncated
violin plots. Sex-wise comparison revealed that compared
to male controls, male AS patients showed significantly in-
creased proportions of Th17 cells (0.34%, IQR 0.18%-0.86%
vs 0.16%, IQR 0.06%-0.37%; P = .013) (Figure 1A), Th22

cells (0.25%, IQR 0.15%-0.59% vs 0.14%, IQR 0.05%-0.30%;
P = .003) (Figure 1B) and Tc22 cells (0.07%, IQR 0.04%-
0.13% vs 0.06%, IQR 0.02%-0.10%; P = .024) (Figure 1D).
Compared to female controls, the female AS patients ex-
hibited a similar trend of an increased median for all three
T cell subsets, although these differences were not signifi-
cant. We performed additional flow cytometry analyses in-
cluding MAIT cells (CD3*CD4~CD8*/~CD161"8vq7.2"),
which have been previously reported to be altered in AS
patients.” The results did not reveal any difference in the
proportion of cells when comparing overall AS patients
and controls (CD3*CD4~CD8* CD161"M8"v7.2* 0.6% + 0.6
v§0.9%+1.1; CD3*CD4~CD8~ CD161"¢"v«7.2% 0.6% + 0.6
vs 1.1%+1.7) or in sex-stratified comparisons (data not
shown).

Plasma cytokine levels, that is, IL-17, IL-10 and IL-22,
have previously been correlated with the presence of par-
ticular T cell subsets. Measurement of plasma IL-10 in the
AS group as a whole (n = 49) showed 0.22 (median) (IQR
0.15-0.30) pg/mL, with 0.23 (median) (IQR 0.18-0.38) pg/
mL in AS males (n = 32) and 0.17 (median) (IQR 0.13-
0.25) pg/mL in AS females (n = 17). Furthermore, plasma
IL-22 measurement in the AS group (n = 49) as a whole
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showed 0.32 (median) (IQR 0.22-0.50) pg/mL, and 0.32
(median) (IQR 0.23-0.50) pg/mL in AS males (n = 33)
and 0.39 (median) (IQR 0.14-0.53) pg/mL in AS females
(n = 16). IL-17 plasma levels were for 90% of the AS group
under the detection limit and were therefore not further
included in the study. No cytokine measurements were
done for the control group.

When comparing AS patients and controls, we did not
detect any difference in the proportion of Tc17, but we de-
tected a correlation between the levels of Tc17 and IL-22
(Rg = 0.283, P = .046), which was explained by the male
AS patients (Rg = 0.499, P = .003). Moreover, we observed
an inverse correlation between Tc17 and IL-10 level within
the whole group (R, = —0.276, P = .05). Among male AS
patients, Th17 was also negatively correlated with plasma
levels of IL-10 (R, = —0.374, P = .035).

Next, we analysed the correlations between clini-
cal parameters and the different T cell subsets. We ob-
served a correlation between Th17 and syndesmophyte

presence (yes/no) (Ry = 0.304, P = .032), which was ex-
plained by the male patients (R, = 0.367, P = .036) and
was non-significant among females. Male patients with
syndesmophyte presence (n = 19) showed a significantly
higher proportion of Th17 cells compared to males with-
out syndesmophytes (n = 14): 0.46% (0.26-1.28) vs 0.19%
(0.14-0.40) (P = .038) (Figure 2). Multivariable logistic
regression analyses with >1 syndesmophyte as the de-
pendent variable and percentage of log Th17 cells as an
independent variable adjusted for other known risk fac-
tors for radiographic changes in the spine in r-axSpA;
sex, smoking and hsCRP showed an OR of 7.17 (95%
CI, 1.27-40.46, P = .026) for the percentage of log Th17
cells, Table 3. Furthermore, we noted an inverse cor-
relation between BMI and Tc22 (R, = —0.286, P = .044),
which was explained by the male patients (R; = —0.430,
P =.012). A full display of the correlation analyses, in-
cluding all that we found to not correlate, is presented
in Table S1.
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3.3 | Clinical parameters are associated
with T cell subsets and cytokines,
differently between premenopausal versus
post-menopausal female AS patients

Analysis of all female AS patients revealed that Tc22 was
negatively correlated with the hsCRP level (R, = —0.573,
P = .016) and with ever smoking (R, = —0.586, P = .013).
Female AS patients who were current or previous smok-
ers displayed significantly lower proportions of Tc22 com-
pared with female patients who had never been smokers:
0.020% (0.00-0.035) vs. 0.098% (0.028-0.25) (P = .019).
Since the group of female AS patients included women
with ages ranging from 38.5-63years, we split the group
according to menopausal status. Table 2 shows the char-
acteristics for these two subgroups. Repeated analysis of
the correlation between Tc22 and hsCRP revealed that
this association was mainly explained by the postmeno-
pausal group (Ry = —0.635, P = .036, n = 11). Further
analysis of these two subgroups in terms of the T-cell
subsets revealed a strong reverse correlation between
Tcl7 and IL-10 (R, = —0.688, P = .019) among the post-
menopausal females, and a correlation between Tc22 and
BASFI (R = 0.930, P<.008) among the premenopausal
females (n = 6). To exclude that our observations was
merely reflecting an age effect, that is, age in the pre- and
post-menopausal group respectively, we analysed the cor-
relations between age and clinical as well as cellular pa-
rameters. In this analysis, no significant correlation was
found.

yes no

Presence of syndesmophytes

FIGURE 2 Comparison of Th17 levels in AS male with (yes) or
without (no) the presence of syndesmophytes. Male patients with
syndesmophyte presence (n = 19), males without syndesmophytes
(n = 14). Dashed lines indicate median and interquartile ranges.
Mann-Whitney U test. *P<.05

4 | DISCUSSION

It has been proposed that inflammatory-related, that is, IL-
17- and IL-22-producing lymphoid cells may be involved
in AS pathogenesis, and increased proportions of Th17
have been found in blood from AS patients."*™* In our
present analyses of well-characterized AS patients from
northern Sweden, our findings are in line with these pre-
vious findings. We observed significantly increased Th17
among male AS patients. Among female AS patients, we
observed a similar trend of increased levels of Th17 cells,
although this difference was not significant. We could not
examine a possible correlation between Th17 and IL-17
levels, since IL-17 was unfortunately below the detec-
tion limit in the majority of patient samples. However, it
has been previously reported that Th17 is correlated with
increased IL-17 levels."*"* Th17 cells can produce IL-17,
and to some extent IL-22, which is in contrast to the Th22
subset that exclusively produces IL-22.3°? It has been
suggested that Th22 and Tc22 play a pathogenic role in
inflammatory diseases, including AS and psoriasis,?**34
and IL-22 has convincingly been shown to be associated
with autoimmune disease.>> Within our cohort, male AS
patients displayed significant increases of both Th22 and
Tc22 cells. Additionally, we detected a correlation be-
tween Tcl17 and IL-22 levels, which could be either a di-
rect association (e.g. increased levels of IL-22-producing
Tc17 cells) or an indirect association (e.g. as this cytokine
is produced by several cell types and intricate cross regula-
tion likely occurs).

Regulation of the differentiation and effector functions
of the above-mentioned inflammatory cells is promoted
by several cytokines, such as IL-23, IL-1p, IL-6 and IL-21.%
In contrast, the cytokine IL-10 reportedly down-regulates
inflammation by inducing Th17 cells to differentiate into
IL-10-producing Tregs.>”*® The microbiota also seem to
play a role in this situation. We and other researchers have
previously found signs of an altered microbiota in patients
with AS.***° In our present analysis, we also detected an
inverse correlation between IL-10 and Tcl7, implicating
cross-regulation of Tcl7 similar to that previously ob-
served for Th17. Additionally, it has been demonstrated
that Th22 and IL-10 show an inverse correlation with the
development of Tregs, including immune responses in
the gut, highlighting the intricate crosstalk between all of
these subsets and the environment.*’ In line with this a
decrease of Tregs in AS patients has been demonstrated
by several studies and was recently supported by a meta-
analysis of these findings.**

It has been proposed that microbial dysbiosis, as
one key initiating factor in AS, including IL-23 produc-
tion by gut epithelial cells, may contribute to Th17 and
Th22 differentiation and dysfunctional IL-10-mediated
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TABLE 2 Descriptive characteristics of 17 women with ankylosing spondylitis, stratified by menopausal status

Postmenopausal women, n = 11

Characteristics (64.7%)

Age, years 58.0 (53.0-63.0)
BMI, kg/m? 26.4(22.8-29.8)
Ever smoker 6(54.5)
Symptom duration, years 34.0 (30.0-39.0)
HLA-B27-positive 11 (100)

ESR, mm/h 16.0 (8.0-28.0)
hsCRP, mg/L 2.8 (0.8-7.0)

IL-22, pg/mL (n = 16)
IL-10, pg/mL (n = 17)

0.47 (0.18-0.64)
0.23 (0.14-0.26)

History of anterior uveitis 6(54.5)
History of peripheral arthritis 6 (54.5)
ASDAS-CRP, score 1.9 (1.5-2.2)
BASDAL, score 4.5 (3.4-5.6)
BASFI, score 2.6 (1.2-4.2)
BASMI, score 3.4(2.6-4.4)
NSAID, regular use 6 (54.5)
csDMARD 0(0)
bDMARD 0(0)
csDMARD and/or bDMARD 0(0)
mSASSS, score 3.0 (0.0-8.0)
Syndesmophyte presence 4(36.4)

Premenopausal women, n = 6

(35.3%) P-value
42.5 (38.5-47.5) <.001**
23.8 (23.0-24.8) 1
1(16.7) 3
19.5(17.8-22.8) <.001**
6 (100) NA
4.5(1.8-10.8) .03*
2.2 (0.6-2.9) 4

0.22 (0.12-0.49)

0.15 (0.11-0.19) 1
3(50.0) 1.0
4(66.7)

1.1 (0.9-1.9) .05*
3.0 (1.8-4.4) .05*
1.4 (0.8-3.4) 3
2.5(2.0-3.0) .03*
5(83.3) 3
0(0) NA
2(33.3) 1
2(33.3) 1
0.0 (0.0-1.2) .05*
0(0) 2

Note: Values presented as median with interquartile range (IQR) or number of patients and percent (%).

Abbreviations: ASDAS, Ankylosing Spondylitis Disease Activity Score; b, biologic; BASDAI, Bath Ankylosing Disease Activity Index; BASFI, Bath Ankylosing
Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, body mass index; csDMARD, conventional synthetic disease-
modifying anti-rheumatic drug; ESR, erythrocyte sedimentation rate; HLA-B27, human leucocyte antigen B27; hsCRP, high-sensitivity C-reactive protein;
mSASSS, Modified Stoke Ankylosing Spondylitis Score; NSAID, non-steroidal anti-inflammatory drug. *P<.05; **P<.005.

TABLE 3 Multivariable logistic regression analysis with
presence of >1 syndesmophyte as dependent variable

>Syndesmophyte
Covariates OR 95% CI P-value
sex 5.51 0.98-31.12 .053

Symptom duration, years 1.19 1.07-1.32 .002%*

Ever smoker 2.71 0.47-15.63 .26
Log hsCRP, mg/L 9.59 1.50-61.50 .017*
Log Th17 cells, % 7.17 1.27-40.46 .026*

Note: Female sex was coded 0 and male sex 1.
Abbreviation: hsCRP, high-sensitivity C-reactive protein. *P<.05; **P<.005.

regulation. Additionally, the strong contribution of HLA-
B27 to AS development has recently been attributed to
protein misfolding in antigen-presenting cells, lead-
ing to autophagy and subsequent IL-23 production.*’
The fact that two independent molecular causes could

potentially promote the same disease-related mecha-
nism, that is, Type 3 immunity, is in line with the multi-
factorial nature of AS.***

In the present study, we found that Th17 levels were
associated with syndesmophyte presence in male patients.
To our knowledge, this is the first study to examine cor-
relations between clinical parameters and increased Th17,
thus corroborating the role of Th17 in AS pathogenesis.
Due to the much smaller size of the female group, and
the fact that very few within that group (n = 4) displayed
syndesmophytes, the power was likely too low to be able
to detect an association in this group. In multivariable
logistic regression analyses, we found that log Th17 cells
were significantly associated with the presence of > syn-
desmophyte adjusted for other risk factors for spinal ra-
diographic changes. However, the confidence interval was
broad 1.27-40.46. Thus, one needs to interpret the results
with caution, also since the number of patents was lim-
ited and the observation needs to be confirmed in other
studies.
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Interestingly, among female AS patients, we found a
strong correlation between the Tc22 subset and BASFI
within the premenopausal group. As this association was
not found among male AS patients or among female post-
menopausal AS patients, we speculate that female sex
hormones influence this trait. The influence of sex hor-
mones in rheumatic diseases has been extensively inves-
tigated and demonstrated for rheumatoid arthritis and
SLE.* The observed correlation between Tc22 and BASFI
only in premenopausal females supports the concept that
sex hormones affect AS disease activity. This highlights
the importance of considering this factor when studying
AS initiation and progression.

Lastly, it has been suggested that BMI may influence
AS disease activity and the progression of AS-related ra-
diographic spinal alterations, both through mechanical
factors and adipose-related inflammation.>**® In our
study, we found that BMI, as well as ever having smoked
and hsCRP, which have also been shown to correlate with
AS, exhibited negative correlations with the level of Tc22
cells. Further studies, including of T cell subset dynamics
in relation to lifestyle factors, could elucidate the underly-
ing mechanisms.

Limitations of this study include the relatively small
numbers of patients and controls, which was mainly due
to the limited population size in this part of Sweden. This
was particularly evident for the group of females. This
drawback may be compensated to some extent by the
uniform characterization and clinical evaluation of our
cohort. Furthermore, many statistical comparisons are
presented which needs to be considered, also emphasiz-
ing that replication studies in independent and larger co-
horts of patients are required to confirm and expand our
observations. Moreover, the cellular origin of the plasma
cytokines could be of interest to further understand the
underlying mechanisms of our observed correlations.
Another limitation is that we do not have any data on cy-
tokines or other characteristics of the blood-donor con-
trols to compare with the AS patients.

AS pathogenesis is multifactorial and involves altered
immune reactions as well as non-immunological factors.
As we have demonstrated in the current study, the contri-
bution of inflammatory T cells in this process should be
noted as one piece in this complex puzzle.
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