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INTRODUCTION

Ankylosing spondylitis (AS) is a radiographic axial spondy-
loarthritis (axSpA), mainly involving the spine and sacroiliac 
joint, and characterized by inflammation leading to ankylosis. 
AS is a chronic inflammatory disease with a critical gene, HLA-
B*27, associated with environmental factors such as infections 
or injury due to high mechanical stress [1-3]. AS also manifests 
with peripheral involvement including enthesitis, dactylitis, ar-
thritis, and extra-articular symptoms such as uveitis, psoriasis, 
and inflammatory bowel disease (IBD). Enthesitis, inflamma-
tion of the tendons and ligaments attached to bone, is a distinc-
tive feature that plays a central role in the pathophysiology of AS 
[4]. Osteogenesis occurs at enthesial sites, and there is evidence 

that fatty degeneration in combination with inflammation could 
contribute to new bone formation in patients with AS [5-7].

Unlike other rheumatic diseases, AS is generally perceived 
as an autoinflammatory disease that is induced by the innate 
immune system. However, it remains unclear whether autoanti-
bodies or autoantigen-specific T cells are involved in AS patho-
genesis. Thus, AS has been regarded as a more autoinflamma-
tory disease than autoimmune diseases such as other rheumatic 
diseases. Studies on the pathogenesis of AS are still underway, 
and evolving proteogenomics brings adaptive immunity to the 
surface. Currently, AS is suggested as an assembly of autoinflam-
mation and autoimmunity, with growing evidence of autoim-
mune responses in patients with AS [2].

In this review, we have discussed the new mechanisms of 
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pathogenesis, newly detected antibodies, and additionally veri-
fied immune reactions.

TRIGGER OF INFLAMMATION

Gut microbiome
Microbiota is a general term for a community of microor-

ganisms themselves [8-10]. The human gastrointestinal tract 
contains 100 trillion microorganisms, most of which colonize 
bacteria with viruses, fungi, and protozoa. The microbiome is 
a collective genome of microorganisms in a particular environ-
ment and considered one of the body organs. This microbial 
organ mutually affects the host and influences the host immune 
system through metabolites. There are two concepts regarding 
the interaction mechanism between HLA-B*27 and the gut mi-
crobiota. First, HLA-B*27 exhibits molecular mimicry of some 
bacterial antigen components, which could increase the num-
ber of cells producing interferon (IFN)-γ [11]. Another theory 
is that the misfolding of HLA-B*27 in endoplasmic reticulum 
(ER) could cause ER stress, inducing an unfolded protein re-
sponse or autophagy [12]. Microorganisms could be pathogenic 
in patients with AS, because molecular mimicry causes autoim-
munity and immunological cross-reactivity [13,14]. Among the 
bacteria, Klebsiella pneumoniae in human feces was associated 
with AS and stronger in patients with active AS. In addition, 
there was an overlap of homologous peptides in HLA-B*27.1. 
Moreover, K. pneumoniae nitrogenase reductase was revealed 
to have six consecutive amino acids [11]. AS and rheumatoid 
arthritis (RA) have distinct gut microbiome features. However, 
it is unclear whether these differences are the cause or result of 
HLA alleles. Asquith et al. [15] examined intestinal tissues and 
stools in patients with AS and RA and found that the microbial 
composition was associated with HLA alleles. This supports 
the hypothesis that HLA-B*27 could affect the gut microbiota. 
Microbiota in patients with AS was found to be reduced in di-
versity, whereas taxonomic diversity in the mucosal-associated 
microbiota was increased [16-19]. In a recent study, healthy 
controls with HLA-B*27 showed reduced microbiota, similar 
to patients with SpA [20]. This study used DNA shotgun se-
quencing of the microbiome in human stool, which is superior 
to metagenomic analysis. It verified that the disease activity in 
patients with AS was associated with a lesser extent of dysbiosis, 
whereas Ruminococcus gnavus, Erysipelatoclostridium ramo-
sum, Clostridium symbiosum, and Clostridium bolteae were 

enriched in those with severe disease. Inflammasome activation 
has been evaluated in peripheral blood monocytes and the gut 
of AS rodent models [21]. Although there is no evident cause 
of inflammasome activation, microorganisms could induce im-
mune genetic factors.

Gut dysbiosis increases the incidence of AS by draining 
lymph nodes from the gastrointestinal tract near the pelvic area 
where the sacroiliac joint is located. RNA-seq assists in identify-
ing gut-origin trafficking molecules to verify the effect of the 
gut on arthritis. It was found in the synovial fluid from patients 
with AS that potential pathogenic CD8+T cell subsets had gut-
associated trafficking molecules, CD103+β7+CD29+CD49a+, 
and distinct transcriptional profiles, unlike other joint-derived 
CD8+T cells with cytotoxic and regulatory transcriptomic ef-
fects [22]. CD103+β7+ binds to human intestinal microvascular 
endothelia cells [23] and CD49+CD29+, or VLA-1, is found on 
48% of gut-resident CD8+T cells [24].

The link between the gut microbiome and joint inflammation 
can be explained by the metabolites produced by the gut micro-
biome. Metabolites from the gut microbiome containing short-
chain fatty acids, tryptophan metabolites, amino acids, trimeth-
ylamine, and B vitamins have been found to modulate disease 
by balancing gut barriers, T cell regulation, and cytokines [10]. 
Compared to the indole produced by tryptophanase, which is 
exclusive to bacteria, indole-3-acetate and indole-3-acetaldehyde 
are increased in axSpA, irrespective of bowel inflammation [25].

Potential pathogens other than the gut microbiota affect the 
occurrence of AS. Unlike previous studies, the incidence of AS 
increased 6 years after Candida infection [26]. Human papil-
loma virus (HPV) infection had 1.348 times greater risk of AS 
compared with the non-HPV cohort and has the potential to 
trigger systemic lupus erythematosus [27,28]. Compared with 
other autoimmune diseases among human immunodeficiency 
virus (HIV)-positive population, AS showed the strongest as-
sociation with HIV with adjusted hazard ratio 1.82 (1.03~3.21) 
[29].

The gut microbiota has received attention with increasing 
evidence of a connection between the gut environment and AS. 
Technological developments have enabled the verification of the 
personal gut microbiome. Specific flora can be used for diagno-
sis and treatment tailored to individuals, such as dietary supple-
ments.
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HLA-B*27
HLA-B*27 is the most critical genetic component in patients 

with AS. There is clear evidence that the pathogenic properties 
of HLA-B*27 depend on the subtype. Only subtle changes in 
the variation of a single amino acid in the HLA-B*27 molecule 
could induce a different tendency in the dimerization assem-
bly [30]. In addition, pathogenic types such as HLA-B*27:05 
showed prolonged binding to ERp57 and immunoglobulin 
protein compared with HLA-B*27:06, which is less associated 
with AS. A recent study has confirmed an association between 
the major histocompatibility complex (MHC) and amino acids 
in East Asians. HLA-C*15 showed the strongest risk association 
with AS, followed by HLA-B*40, under controlled HLA-B*27 
in East Asians [31]. At the amino acid level, histidine at position 
114 in HLA-B in uncontrolled analysis and lysine at position 70, 
followed by asparagine at position 97 in controlled HLA-B*27, 
showed the strongest association with AS. In a large cohort, 
there was a positive association between HLA-A*29,B*38,B*49,
B*52,DRB1*11,andDPB1*03:01, and negative associations with-
HLA-B*07, B*57, DRB1*15:01, DQB1*02:01, and DQB1*06:02 
in HLA-B*27 negative AS [32].

Although approximately 90% of patients with AS carry HLA-
B*27, positivity for HLA-B*27 is not directly related to the 
manifestation of the disease, indicating that genes other than 
MHC are necessary for developing AS [33]. Endoplasmic re-
ticulum aminopeptidases (ERAP)-1 and ERAP-2 are important 
for trimming peptides present in MHC class I molecules in the 
ER [34,35]. Aberrant function of ERAP-1 and ERAP-2 leads 
to increased ER stress and autophagy activation [36]. ERAP-
1 highly interacts with HLA-B*27 [37] and HLA-B*40 [38] in 
patients with AS, and ERAP-2 is significantly associated with 
AS in patients who are either HLA-B*27 positive or HLA-B*27 
negative [39]. The percentage of ERAP-1/ERAP-2 heterodimers 
was found to be 10%~30%, which means that ERAP-1 needs 
ERAP-2 for trimming longer amino acids, while the majority 
of ERAP1 and ERAP2 exist in the monomeric form [40]. Phe-
notypes of ERAP-1/ERAP-2 are diverse and act in distinct ways 
[41]. High-activity ERAP-1 is related to increased nanomers 
more than longer ligands compared with low-activity ERAP-
2, while cells expressing ERAP-2 and ERAP-2 positivity in low-
activity ERAP-1 were associated with lower amounts of peptides 
compared with ERAP-2 negativity in high-activity ERAP-1. 
RNA-seq validated the ERAP-1 and ERAP-2 polymorphisms 
are associated with gene expression, which influences protein 

expression levels. In addition, disease-associated isoforms of 
ERAP-1, ENST00000443439, and ENST00000296754 are regu-
lated by genetic splice-interfering variant [42]. Thus, the func-
tion of ERAP-1 and ERAP-2 is influenced by their alleles and 
play pivotal roles in AS pathogenesis.

Biomechanical stress
Inflammation is a discriminating feature of AS onset [4]. The 

enthesis is the area of tendons or ligaments attached to bones, 
and its role is to maintain stability and transduce mechanical 
forces [43]. Similar to human gait in the orthograde posture, 
sustained mechanical stress is imposed on the lumbar spine and 
lower extremities, which are susceptible to microdamage. Teno-
cytes are mainly composed of entheseal cells that transform 
into round chondroid cells near the bone and regulate mecha-
notransduction pathways to cope with biological stress [44]. 
When the enthesis is under mechanical stress, transforming 
growth factor-β (TGFβ) is induced and high concentration of 
TGFβ leads to tenocyte cell death [45]. Cell deaths generate toll-
like receptor-danger-associated molecular patterns (DAMPs) 
and IL-1β activated by inflammasomes [46,47]. High-mobility 
group protein B1 acting as a DAMP was detected in inflamed 
tendon leading to production of IL-1β, IL-6, IL-33, CCL2, and 
CXCL12. IL-1β is a proinflammatory cytokine that initiates the 
molecular cascade and propagate inflammation by inhibiting 
tenogenic potential of in tendon progenitor cells [48,49]. Re-
cent studies have revealed the existence of cytokine-producing 
cells in the entheseal zone of human tissues. In normal human 
enthesis and perientheseal bone, resident CD14+ myeloid cells 
are main producer of IL-23, IL-1β, tumor necrosis factor (TNF), 
and CCL20 in entheses [50]. In addition, γδT cells are found in 
human enthesis and perientheseal bone and produce IL-17A 
independently to IL-23 [51]. IL-23 is suggested to initiate AS 
because a rat experiment demonstrated that an IL-23 blocker 
completely inhibited the evolution of spondylitis and arthritis 
[52]. The population of resident endothelial cells may connect 
microdamage to the propagation of inflammation in patients 
with AS. Although the origin of immune cells is still debated, 
enthesial cells are suggested to be conductors that recruit cells 
from the inflamed gut or skin, resulting in the propagation of 
inflammation.
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PROGRESSION OF INFLAMMATION

IL-23/IL-17 axis
The proinflammatory cytokines IL-23 and IL-17 play key 

roles in host defense and function as barriers to mucosal sur-
faces [53,54]. Evidence of the association and dysregulation of 
the IL-23/IL-17 pathway with AS pathogenesis has been identi-
fied. Serum levels of IL-23 and IL-17 were significantly elevated 
in the peripheral blood of patients with AS, strongly associated 
with AS [55,56]. IL-23 is a cytokine consisting of subunits p19 
and p40 produced by antigen-presenting cells, which induces 
IL-17 production by Th17 cells [57,58]. In addition to entheseal 
dwelling cells, which produce IL-23, resident Paneth cells are a 
crucial source of IL-23 because IL-23 expression is upregulated 
in the terminal ileum in patients with AS [59]. IL-23 could play 
a key role in the initiation of reactive arthritis, as early inhibition 
of IL-23p19 blocked arthritis in SKG mice infected with Chla-
mydia muridarum, but not in the late stage [60]. Since macro-
phages carry C. muridarum to the joint, depletion of macro-
phages reduced the dissemination of bacteria and development 
of arthritis, and inhibition of TNF at infection or the beginning 
of arthritis decreased joint inflammation, suggesting that mac-
rophages from SKG mice could induce TNF production for 
constant inflammation of joints.

IL-17 is a signature cytokine secreted by Th17 cells [61]. 
Up-regulation of the IL-23 receptor with high expression of E 
receptor type 4 (EP4), a prostaglandin E2 receptor, promotes 
Th17 cell recruitment. Overexpression of EP4 in Th17cells is 
unique compared with RA or psoriatic arthritis (PsA) [62]. 
However, Th17 cells secreting IL-17 and contribution of IL-23 
remain controversial [63]. IL-23 inhibition has less effect on AS. 
Thus, IL-23 independent production of IL-17 is thought to be 
an important pathway in the pathogenesis of AS [64]. In addi-
tion, there are several other cells producing IL-17: γδT cells [65], 
mucosal-associated invariant (MAIT) cells [66,67], type 3 innate 
lymphoid cells (ILC3) [68], CD4+ T cells [69], CD8+ T cells 
[70], CD3-CD56+ natural killer (NK) cells [71], and mast cells 
[72]. Cuthbert et al. [51] examined γδT cells and found that Vδ1 
subset of γδT cells could produce IL-17 independent to IL-23 
while Vδ2 subset expresses IL-23/IL-17 axis cytokine signaling. 
In this analysis, γδT cells were substantial source of IL-17A with 
IL-22 or TNF-α in addition to Th17cells. IL-17A production 
from MAIT cells was significantly higher than that of CD4+T 
cell, γδT cells, and CD8+T cells while expression of IL-17A by 

neutrophils could not reach the detection limit [73]. Upon in-
duction with a combination of IL-7, IL-18, and anti-CD3/anti-
CD28 antibodies, MAIT cells produced IL-17A, which was 
strongly independent of IL-23. Retinoid-related orphan receptor 
gamma (RORγt)-expressing γT cells produce IL-17 [74]. Oral 
RORγt inhibitor (PF-06747711) suppressing type-17 signaling 
pathway was shown to be effective in clinical manifestations 
such as bone loss, bone erosions, dermatitis, colitis, and weight 
loss in IL-23 overexpression mice [75].

In inflammation, IL-17 promotes neutrophilic inflamma-
tion by elevating expression of proinflammatory molecules 
such as TNF, IL-1α, IL-1β, IL-6, and IL-8. IL-17 also promotes 
neutrophil survival by producing granulocyte-colony stimulat-
ing factor (G-CSF) and granulocyte macrophage-CSF from IL-
17-activated endothelial cells within microvessel wall [76,77]. In 
collaboration with TNF-α, IL-17A showed synergistic increase 
in neutrophil recruitment and endothelial activation [78]. IL-17 
also induces inflammation by targeting fibroblasts and macro-
phages. In bone metabolism, IL-17 promotes osteoclast differ-
entiation from its osteoclast precursor by direct stimulation of 
osteoclast and elevated expression of macrophage-colony stimu-
lating factor (M-CSF) and receptor activator of nuclear factors 
κB ligand (RANKL) for osteoclast survival and differentiation 
[79]. Osteogenic differentiation and proliferation of mesenchy-
mal stem cells (MSCs) are enhanced by IL-17 [80]. Thus, IL-17 
is a crucial cytokine in AS progression.

T cell
Evidence of pathogenesis is largely associated with autoin-

flammation, depending on the genetic background. Although 
there is limited support for adaptive immunity in AS pathogene-
sis, evidence of adaptive immunity has accumulated in harmony 
with innate immunity.

The T-cell receptor (TCR) recognizes the peptides of antigens 
presented by MHC molecules, and this immune response medi-
ates adaptive immunity. Complementary determining region 
3 (CDR3) is responsible for antigen recognition [81]. CDR3a 
and CDR3b loops give a diversity of TCRβ as it is encoded with 
variable (V), diversity (D), and joining (J) genes. Based on this 
mechanism, immunosequencing of TCRβ diversity with periph-
eral blood mononuclear cells was performed in patients with 
AS with HLA-B27+ compared with healthy controls with HLA-
B27+ [82]. AS has a higher diversity of TCR repertoire in CD4+ 
and CD8+ T cell populations, with a global reduction in periph-
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eral T cell clonal expansion. In functional aspect, production of 
IFN-γ or TNF is reduced in CD4+ or CD8+ T cells, implicating 
disruption of TCR signaling cascade. In addition, expansion of 
the viral (Epstein-Barr virus and cytomegalovirus)-specific CD8 
clonotype and public CD8 clonotype in AS with HLA-B27+ was 
detected, suggesting insufficient pathogen control due to an im-
balanced regulatory mechanism [83]. TCR Rep-seq and CDR3 
motif analyses showed that CD4+ and CD8+ T cells share the 
same CDR3 amino acid sequence, which could be explained by 
antigen stimulation [84]. During high disease activity in patients 
with AS, the diversity of terminally differentiated effector cells 
decreases and is inversely correlated with the disease activity. 
Thus, it could be deduced that disease progression could be ac-
companied by autoantigens.

There is a new clue for the recruitment of cytotoxic CD8+T 
cells to the joints as production of granzyme A, granzyme B, and 
granulysin was increased, while a decrease in perforin 1 produc-
tion was incompatible with serum with reduced CD8+T cells in 
the blood. However, elevated cytotoxic T cells in synovial fluid 
implicate that these cells are important for joint inflammation in 
patients with AS [85].

Natural killer cell
NK cells are involved in the inflammatory process from ini-

tiation to remission. NK cells in autoimmune diseases play an 
important role in bridging innate and adaptive immunity [86]. 
There are altered subsets of AS. There was a significant reduc-
tion in CD3-CD56+NK cells in the peripheral blood mono-
nuclear cells in patients with AS compared with those in the 
control group (4.95% versus 10.53%, p<0.001) [87]. Among NK 
subsets, the CD56dimNK cells were diminished which has killing 
capacity while CD56brightNK cells regulating lymphocytes were 
increased. In addition, cytotoxicity-related molecules, such as 
granzymes and GZMB+NK cells, were significantly reduced. 
In a previous study, expression of A20 which has anti-nuclear 
factor-κB effect was dramatically reduced in CD56brightNK cells 
in patients, whereas expression of A20 in CD56dimsubset had no 
difference compared with healthy control group [88]. Biolog-
ics in rheumatic diseases affect NK cell activity. TNF inhibitors 
(TNFi) showed good response rates in CD8+NK cell subsets 
[89]. However, treatment with secukinumab showed no change 
in NK cells in patients with AS [90]. An altered NK cell popula-
tion could be a cell-based parameter for the selection of thera-
peutic agents.

BONE FORMATION AFTER INFLAMMATION

Factors contributing to new bone formation have been recog-
nized and may help identify new therapeutic targets. However, 
seizing the progression of new bone formation using current 
medications remains challenging. Inflammation of the sacroiliac 
joints and the spine leads to new bone formation and abnor-
malities that restrict spinal mobility. Resolution of inflammation 
is replaced by fat metaplasia, which was associated with anky-
losis on T1-weighted magnetic resonance imaging (MRI) [91]. 
The fatty signal on MRI corresponds to adipocytes, which was 
found in 90.5% of patients with AS [92]. Vertebral corner in-
flammation and fat deposition are strongly associated with new 
bone formation on MRI [6]. However, 40% to 66% of new bone 
could develop without the detection of MRI inflammation or fat 
degeneration. A study showed that the subchondral bone plate 
was invaded by fibrous tissue originating from the bone mar-
row, resulting in thinning and degeneration of the cartilage and 
subchondral bone, while the trabecular bone was unaffected 
in patients with AS [93]. This fibrous tissue could play a criti-
cal role in bone remodeling. The same study group found that 
granulation tissue in the subchondral bone marrow could carry 
capabilities of bone formation, as osteoblasts are found in the 
lining of granulation tissue near the cartilage in the facet joints 
[94].

IL-22 is directly induced by IL-23 from Th17 cells, DCs, Th22 
cells, γδT cells, and ILC3s and is associated with AS [95,96]. 
IL-22 in combination with IFN-γ and TNF promotes MSCs 
to activate bone formation via maintenance, proliferation and 
migration of MSCs and this process consequently results in new 
bone formation [7]. In vitro, MSCs treated with IL-22 produced 
more calcium than did the untreated MSCs. IL-22 produced by 
entheseal resident cells activates signal transducer and activa-
tor of transcription 3 (STAT3)-dependent osteoblast-mediated 
bone remodeling [96]. Thus, IL-22 plays a key role in new bone 
formation in patients with AS, as it affects the enthesis.

The IL-23/IL-17 pathway is influenced by the Janus kinase 
(JAK)/STAT pathway, and STAT3 mediates intracellular signal-
ing in osteoblasts and osteoclast [97-99]. In a mouse model, a 
STAT3 inhibitor suppressed new bone formation comparable 
to that of an IL-17A blocker [100]. Osteogenesis is reduced in 
the spinal enthesis cells. Thus, STAT3 inhibitors are promising 
agents for targeting new bone formation and inflammation. 
Resident MSCs in the normal spinal enthesis promotes osteo-
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genesis induced by IL-17A and TNF [101].
TNF is the important target in patients with AS and RA even 

though the immunological role of TNF is not fully elucidated. 
Unlike erosive arthritis in patients with RA, AS has distinctive 
features of new bone formation and TNF mechanism. The Re-
lationship between osteoproliferation and TNF is still not fully 
understood. In AS synovial fluid, transmembrane TNF (tmT-
NF) was increased, while soluble TNF (sTNF) was decreased 
compared with RA synovial fluid, with decreased activity of A 
disintegrin and metalloproteinase or TNF-α converting enzyme 
[102]. Mice overexpressing tmTNF manifested spondylitis and 
peripheral arthritis with synovitis, enthesitis, and osteitis. In ad-
dition, TNF-receptor II could be essential for osteoproliferation 
in tmTNF signaling as tmTNF and sTNF have different affinity 
for subsets of TNF-receptors. Alkaline phosphatase and collagen 
type I expression in fibroblasts from tmTNF transgenic mice 
were significantly increased, and excessive mineralization was 
observed in the presence of IL-17A. Thus, tmTNF contributes 
to new bone formation in patients with AS and to the clinical 
features of the SpA family.

Macrophage migration inhibitory factor (MIF) is a proin-
flammatory cytokine that binds to its high-affinity receptor, 
CD74, on antigen-presenting cells, and the serum level of MIF 
is increased in patients with AS [103,104]. MIF was not affected 
by TNFi, and radiographic progression was associated with se-
rum MIF levels (p=0.031) [105]. MIF signaling activates Wnt/
β-catenin pathway by triggering stabilization of β-catenin, a 
key regulator of osteoblast differentiation and maturation. Wnt 
signaling is blocked by dickkof-related protein 1 (DKK1) and 
sclerostin. DKK1 is negatively associated with the formation of 
osteophytes and spinal ligament ossification, and sclerostin lev-
els are lowered in patients with AS [106-108]. RANKL is essen-
tial for osteoclast differentiation and maturation of monocytes 
and macrophages regulated by CD16+ monocytes. It was found 
that the levels of CD16+ monocytes and osteoclasts decreased, 
which was associated with lower RANKL/osteoprotegerin 
(OPG) ratios in patients with AS [109]. RANKL SNPs were also 
associated with syndesmophyte formation in patients with AS 
[110]. Osteoimmunology, which refers to bone homeostasis af-
fected by cytokines and immune system signaling pathways, is 
important for new bone formation in patients with AS [111].

Therapeutic options
TNFi have been successfully used over the past two decades 

as the mainstay treatment of AS. TNFi, including etanercept, 
infliximab, adalimumab, and golimumab showed similar re-
sponse rates of approximately 60% according to the Assessment 
in Ankylosing Spondylitis Response Criteria(ASAS) 20 and 40% 
according to ASAS 40 [112-115]. All TNFi treatments improve 
pain, function, stiffness, and global well-being [116]. Spinal and 
sacroiliac joint inflammation detected on MRI also improved in 
the TNFi group. In cases of uveitis and IBD, TNF-α monoclonal 
antibodies are recommended over other biologic drugs because 
they have a lower incidence of disease recurrence and exacerba-
tion [117]. However, it has been reported that TNFi induced 
psoriasis and paradoxical arthritis in IBD by dysregulating type 
I IFN [118,119]. Although there are no evident therapeutic 
options for new bone formation, TNFi can inhibit spinal radio-
graphic progression if used for more than 4 years [120]. Unfor-
tunately, it was not possible to demonstrate the effect of TNFi 
initiation in the advanced stages [121].

IL-23 blockers showed a lack of efficacy in patents with AS, 
whereas these drugs were beneficial for psoriasis [122,123]. 
Ustekinumab is a human monoclonal antibody that binds to 
the p40 subunit of IL-12 and IL-23. Clinical trials of AS failed to 
demonstrate improvements in symptoms and were discontinued 
[124,125]. According to a rat experiment, an IL-23 blocker was 
capable of suppressing disease onset, with no effect on inflam-
mation [60]. In addition, the production of IL-17A is not solely 
dependent on the IL-23/IL-17A axis. Thus, blocking IL-23 may 
not inhibit the inflammation which is provoked through IL-17. 
Unlike AS, IL-23 blockers showed good efficacy in peripheral 
synovitis and enthesitis in psoriasis, and there was an improve-
ment in spinal domain pain in PsA [126,127]. Whether there is 
efficacy in peripheral arthritis in patients with AS and the initia-
tion of axial manifestations in PsA is still questionable.

Secukinumab was the first recombinant human monoclonal 
antibody that directly blocked IL-17A from binding to the IL-
17 receptor [128]. Secukinumab achieved approximately 40% 
ASAS 40 and lowered C-reactive protein (CRP), SIJ edema 
scores on MRI, and quality of life at week 16 [129]. Histo-
pathological examination of synovial inflammation showed 
that CD15+ neutrophils and CD56+ macrophages decreased 
from baseline 12weeks after beginning of secukinumab 300 mg 
[130]. Ixekizumab showed effects on joint improvement com-
parable to those of adalimumab [131]. In an extended study on 
PsA, ixekizumab showed persistent efficacy, safety, and inhibi-
tion of radiographic progression [132]. In addition to skeletal 
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symptoms, IL-17A blockers showed improvement in the skin. 
However, there was a lack of efficacy in gut symptoms with ag-
gravation or new-onset IBD [133]. In addition, secukinumab 
has an advantage in tuberculosis infections because there was 
no evidence of the incidence or reactivation of tuberculosis 
[134]. Brodalumab, an anti-IL-17 receptor A monoclonal anti-
body, showed ASAS 40/20 response rates of 43.8% and 67.5%, 
respectively, at week 16 in patients with active axSpA in a phase 
3 trial [135]. In the extension trial, in which the placebo group 
switched to brodalumab at week 16, the placebo group did catch 
up with the brodalumab group in efficacy, with a sustained ef-
fect and clinical index. In addition, MRI showed an improve-
ment in the Berlin Spine Score in both groups at week 68 [136]. 
Serious drug- and treatment-related adverse event included one 
case each of herpes zoster oticus, acute myocardial infarction, 
cellulitis, appendicitis, and diverticulitis. A study of monoclonal 
antibody neutralizing IL-17A and IL-17F, bimekizumab, showed 
that 46% of patients administered 160 mg and 320 mg every 4 
weeks achieved ASAS 40 at week 12, and approximately 60% of 
patients responded at week 48 in phase IIb [137]. In the non-
responder imputation analysis, the ratio of ASAS 40 and partial 
remission was 53.7% and 28.0%, respectively, with a gradual 
reduction in ASDAS at week 156 [138].

JAK inhibitors, tofacitinib and upadacitinib have been ap-
proved for AS by U.S. Food and Drug Administration. Upa-
dacitinib, a selective JAK1 inhibitor, administered at 15 mg 
once daily was effective in AS refractory to a previous history of 
biologic disease-modifying antirheumatic drugs with ASAS 40 
at 45% at week 14 in a phase 3 trial [139]. The incidence rate of 
serious infections was 2.4% consisting of 5 cases; 4 cases were 
coronavirus disease 2019-related infections and one case was 
uveitis. The zoster infection rate was 0.9%. Tofacitinib is a first-
generation JAK inhibitor targeting JAK3, JAK1, and JAK2 [140]. 
Tofacitinib had response rate of 40.6% in the ASAS 40 at week 
14 [141]. There were 2.3% non-serious herpes zoster cases and 
0.8% serious infections. In the two studies on upadacitinib and 
tofacitinib, there were no major adverse cardiovascular events, 
thromboembolic events, malignancies, or deaths while there are 
still concerns about risks of major adverse cardiovascular events 
and cancer in RA.

Granulocyte-macrophage colony stimulating factor (GM-
CSF) is a cytokine that could result in joint damage by inducing 
matrix metalloproteinases and osteoclasts and showed improved 
signs and symptoms of RA in a phase II trial [142,143]. Nami-

lumab is a monoclonal antibody targeting GM-CSF, and a phase 
IIa study of namilumab with primary endpoint of ASAS 20 at 
week 12 is currently being assessed [144].

Biomarker
The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-

lymphocyte ratio (PLR) have a high possibility of utility, simi-
lar to the existing biomarkers erythrocyte sedimentation rate 
(ESR) and CRP [145]. The cutoff values were 3.669 for NLR 
and 242.466 for PLR, while the ESR was 22 mm/h and 1.980 
mg/dL for CRP. Each parameter had a good predictive value for 
radiographic sacroiliitis, and NLR or PLR with existing inflam-
matory markers showed better outcomes for the effect of TNFi 
treatment. In addition, the lymphocyte-to-monocyte ratio, with 
a cutoff value of 4.26 showed a good predictor of radiologic 
progression in patients with AS (sensitivity, 94.9%; sensitivity, 
97.4%; AUC, 0.975) [146].

Although HLA-B*27 has been widely used for the detec-
tion of AS, negative HLA-B*27 results can delay diagnosis and 
treatment initiation. Proteomic analysis could aid in identify-
ing new targets for the early detection of the disease. In 2020, it 
was reported that eight AS-specific proteins were upregulated 
(>1.5-fold) in the synovial fluid of Korean patients with AS: HP, 
MMP1, MMP3, serum amyloid P-component, complement 
factor H-related protein 5 (CFHR5), mannose-binding lectin 2, 
complement component 9 (C9), and complement C4-A [147]. 
Among these, MMP3, C9, and CFHR5 have been identified as 
potential markers.

Autoantibodies are useful tools for distinguishing autoim-
mune diseases and verifying their disease activity. AS is consid-
ered an autoinflammatory disease; thus, it is difficult to classify 
patients with AS based on nonspecific chronic low back pain 
in the early disease phase. Novel antibodies and biomarkers 
have been explored for early detection of AS. Recently, antibod-
ies against AS were identified. Three antibodies against axSpA 
peptides have been detected in the axSpA cohort at Hasselt 
University [148]. The three novel antibodies were tested in pa-
tients with axial SpA from the University Hospital Leuven (Bio)
SPAR cohort. The other antibody is against CD74. The immu-
noglobulin (Ig) A anti-CD74 antibody is associated with radio-
graphic changes in AS because CD74, an MHC class II invariant 
chain, leads to cell proliferation and TNFα production [149]. 
Anti-CD74 IgA showed potential diagnostic value, as the area 
under the ROC curve for the diagnosis of axSpA compared with 
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fibromyalgia was 0.705, while there was no correlation with gut 
inflammation [150]. In addition, the anti-CD74 IgG antibody 
was associated with disease activity, whereas there was no dif-
ference between the ratios of early and late phases of the disease 
[151]. Thus, anti-CD74 antibodies may serve as good detectors 
with high specificity [152,153].

CONCLUSION

The latest evidence on the pathogenesis of AS provides new 
perceptions and clues into the unexplained mechanisms. AS is 
a complex network between the autoinflammatory and autoim-
mune systems (Figure 1). HLA-B*27 creates an environment 
susceptible to various stimuli such as infection and trauma. 
Consequently, the IL-23/IL-17 pathway is activated, and im-
mune cells contribute to the perpetuation of joint inflammation. 
The cytokines generated by these mechanisms are involved in 
bone homeostasis, resulting in new bone formation, which is an 

authentic feature of AS. New therapeutic choices and diagnostic 
biomarkers are emerging against the background of new discov-
eries, and we look forward to personalized treatments for better 
outcomes.
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Figure 1. Pathogenesis of ankylosing 
spondylitis. Gut microbiome produces 
short-chain fatty acids, tryptophan 
metabolites, and amino acids. Also, 
Paneth cells are source of IL-23 in the 
terminal ileum. HLA-B*27 provides 
ar thritogenic peptide to TCR, and 
misfolded HLA-B*27 and accumulated 
prote in  induce UPR resu l t ing  in 
production of IL-23. Mechanical stress 
in enthesis induce DAMPs and IL-1β. As 
a result, produced IL-23 plays a pivotal 
role in initiating ankylosing spondylitis. 
Immune cells are involved to progress 
the disease by inducing IL-17, IL-22, and 
TNF-α. Bone remodeling is activated, 
as a result, new bone formation and 
bone resorption are promoted through 
cytokines. TCR: T-cell receptor, UPR: 
unfolded protein response, DAMPs: 
danger-associated molecular pattern, IL: 
interleukin, TNF: tumor necrosis factor, 
NK: natural killer, ERAP: endoplasmic 
reticulum aminopeptidases.
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