MOLECULAR MEDICINE REPORTS 15: 1943-1951, 2017

Role of HLA-B27 in the pathogenesis of
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Abstract. The study of ankylosing spondylitis (AS) has
made significant progress over the last decade. Genome-wide
association studies have identified and further substantiated
the role of susceptibility genes outside the major histo-
compatibility complex locus. However, human leukocyte
antigen (HLA)-B27 has been suggested to be important in
the pathogenesis of AS, contributing to ~20.1% of AS heri-
tability. The current review will present the classical and
non-classical forms of HLA-B27, as well as their pathogenic
roles, and further discuss the hypotheses regarding the
potential pathogenesis of AS. In addition, the association
between the pathogenic role of HLA-B27 and inflamma-
tory indexes, including the interleukin-23/-17 axis will be
investigated to provide novel insights into the pathogenesis
of AS. The aim of the present review is to provide an update
of the current research into the pathogenesis of AS, and
provide a comprehensive description of the pathogenic role
of HLA-B27 in AS.
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1. Introduction

Ankylosing spondylitis (AS), which is the most frequently
occurring form of Spondyloarthritis (SpA), is a chronic
immune-mediated inflammatory disease characterized by
inflammation that predominantly affects the axial skeleton.
Peripheral arthritis and enthesopathy have been reported to
be present in a large group of AS patients (1). In addition,
specific organ involvement including anterior uveitis, psoriasis
and chronic inflammatory bowel disease, may simultaneously
occur in AS, accompanied by an increased risk of cardiovas-
cular or pulmonary complications (1,2). Chronic inflammation
in the attachment of tendons, ligaments and joint capsules
to bone leads to alterations in joint architecture, with new
bone formations and joint fusions (3). The unique structural
alterations in syndesmophyte formation and ankylosis of the
vertebrae are the primary causes of early severe disability in
patients with AS during disease progression. However, the
pathogenesis and contributing etiological factors of AS remain
to be elucidated.

Genetic studies have contributed the most significant
information to our understanding of AS. Familial aggregation
studies have revealed that heritability contributes a substantial
proportion of AS susceptibility (4). A strong genetic predispo-
sition was confirmed by the discovery of a remarkably high
association between AS and the human leukocyte antigen
(HLA)-B27 in 1973 (5). A proportion of AS cases that do
not involve HLA-B27 have been reported, however, it is still
regarded as one of the most important factors for the develop-
ment of AS with a high association (>100), and is present in up
to 90% of patients in the majority of ethnic groups that present
with the disease (6). Genetic studies have concluded that
HLA-B27 in the major histocompatibility complex (MHC)
locus contributes to ~20.1% of AS heritability, with 4.3% asso-
ciated with loci other than HLA-B (7). It has a high degree
of genetic polymorphism, with up to 105 known subtypes,
termed HLA-B*27:01 to HLA-B*27:106, which are encoded
by 132 alleles. The most common subtypes associated with AS
are HLA-B*27:05 (Caucasians), HLA-B*27:04 (Chinese), and
HLA-B*27:02 (Mediterranean) (8). However, two subtypes,
HLA-B*27:06 and HLA-B*27:09, do not appear to present
any association with the disease (9). In addition, genome-wide
association studies and those involving Immunochip arrays,
have further substantiated that the development of AS is



1944

determined, to a large extent, by genes located outside of the
MHC locus. These involve loci of the interleukin (IL)-23/IL-17
axis, including IL23R, IL12B, tyrosine kinase 2, signal
transducer and activator of transcription 3, IL6R, IL27, as
well as several aminopeptidase genes, including endoplasmic
reticulum aminopeptidase (ERAP) 1 and 2, leucyl and cystinyl
aminopeptidase (LNPEP) and aminopeptidase puromycin
sensitive (NPEPPS) genes (7,10). It has previously been
suggested that a strong association exists between ERAP1
and AS that is restricted to HLA-B27-positive patients (11,12).
Previous studies suggest that the development of AS may be
associated with antigen processing and presentation (11,12).

2. Classical and non-classical forms of HLA-B27

MHC Class I molecules are important for the initiation and
propagation of immune responses (13,14). The classical
heterotrimeric MHC class I molecule is composed of three
non-covalently bound individual polypeptides: A highly
polymorphic heavy chain (HC), f2-microglobulin ($2m)
light chain and an oligopeptide, typically 8 to 10 residues in
length (13,14). Assembly of a stable MHC molecule in the
endoplasmic reticulum (ER) is a necessary step prior to export
to the cell surface. Following synthesis and glycosylation,
free HCs are initially stabilized by chaperones (calreticulin
and tapasin) until a conformation suitable to bind f2m and a
peptide with suitable length is achieved (15). Nascent MHC
class I molecules typically bind antigen peptides and transport
them to the cell surface for presentation to the T-cell receptors
(TCR) on T lymphocytes (15).

In the absence of f2m, HCs will misfold and ER-associated
degradation may occur in the ER. However, HLA-B27
appears to exhibit a tendency to misfold and a predilection for
forming dimers or multimers (16). HLA-B27 possesses three
unpaired cysteine (C) residues at positions 67, 308 and 325,
and four conserved cysteine residues at positions 101, 164,
203 and 259 (17). Three distinct forms of dimeric MHC-I
structures have been described previously, including cell
surface HLA-B27 homodimers, intracellular and the exosomal
fully-folded MHC-I dimers (18). The intracellular dimers are
termed as ER-resident and endosomal dimers, the latter of
which may be expressed on the cell surface. Previous studies
have proposed that the cysteine at position 67 (C67) is involved
in intracellular and cell surface dimer formation (15,19).
However, the structurally conserved C101 and C164 residues
have additionally been demonstrated to participate in the
formation of a pool of intracellular dimers (17).

In addition to the widely-accepted cell surface HLA-B27
homodimers, ER-resident dimers and endosomal dimers, the
present review introduces the exosomal fully-folded MHC-I
dimers. Exosomes are small vesicles of different sizes that are
formed by the inward budding of endosomes to generate multi-
vesicular bodies (MVBs). A proportion of these MVBs will
fuse with the plasma membrane, releasing the internal vesicles
to the extracellular environment (20). An extensive variety of
cell types have been demonstrated to release exosomes and
various MHC-I dimers have been revealed to be expressed
on the surface of these vesicles (20). The exosome-associated
HLA-B27 dimers are fully-folded, and the cysteine residues
at position 325 in the cytoplasmic tail domain participate in
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the formation of these structures (21). In addition, a novel
population of mixed-allele dimers comprising HLA-A2 and
HLA-B27 has been described in exosomes. Further details of
the various forms of HLA-B27 are described in Table I.

3. Role of HLLA-B27 in the pathogenesis of AS

The mechanism of antigen processing and presentation
is presented in Fig. 1. The majority of proteins are initially
degraded in the cytoplasm by the multi-unit proteasome
complex, typically generating peptide fragments of up to
25 amino acids in length. These antigen peptides and their
N-terminal extended precursors are subsequently transported
into the ER by a transporter associated with antigen processing
that preferentially transports peptides 8-16 residues in length.
Transporter, ATP-binding cassette subfamily B member (TAP)
is an adenosine triphospate-driven transporter welladapted for
the transfer of the precursor peptides that are continuously
generated by the proteasome or other cytosolic proteases (22).
Subsequently, longer peptides will be further cleaved to the
length required for antigen presentation by ERAPI1 residing in
the ER. ERAPI efficiently cleaves the precursors to oligopep-
tides 8 or 9 residues in length, which is optimal for binding to
HLA-B27. These peptide-MHC complexes will subsequently
enter the Golgi apparatus for the generation of mature epit-
opes (23). However, previous genetic studies have identified an
association between various aminopeptidase genes (NPEPPS,
LNPEP and ERAP2) and AS (7). The NPEPPS protein local-
izes to the cytoplasm and has previously been demonstrated to
be involved in processing proteasome-derived peptides prior to
their transport to the ER. LNPEP and ERAP2 are members of
the ER aminopeptidase family and have substantial sequence
homology to ERAPI (7,24).

Structurally unique peptide-MHC complexes. The process of
antigen peptide processing and presentation to receptors on
immune cells may occur via a variety of pathways. The ‘arthri-
togenic’ peptide hypothesis suggests that the HLA-B27-specific
autoimmune response may be directly initiated for structur-
ally unique peptide-MHC complexes, depending on the
amino-acid composition of the antigen peptides (6). The
theory of ‘molecular mimicry’ suggests that a cross-reactive
peptide derived from an infecting bacterial pathogen stimu-
lates T cells, which subsequently respond to an HLA-B27
associated ‘self-peptide’, or to peptides derived from HLA-B27
directly (25). Numerous self and foreign antigen peptides have
previously been investigated and sequenced, however, there is
no conclusive evidence demonstrating that any of these peptides
are indeed cross-reactive or self-peptides (26). Furthermore,
Taurog et al (27) demonstrated that disease manifestations
arose in HLA-B27/Huf2m-transgenic rats in the absence of
functional cluster of differentiation (CD)8" T cells. Generating
a model of AS disease pathogenesis, whereby HLA-B27 pres-
ents a peptide to CD8" T cells, presents a significant challenge.

The length of antigen peptides. The length of antigen peptides
is an important consideration in the process of antigen
presenting. Extended peptides which are generated via aber-
rant peptide processing may bind HLA-B27, and have been
demonstrated to reside in the peptide groove of MHC class I
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Figure 1. Antigen processing and presentation of peptides of various sizes. Antigen processing and presentation is a sequenced process. Numerous proteins
are initially degraded into peptide fragments of up to 25 amino acids in length by the multi-unit proteasome complex followed by NPEPPS. TAP preferentially
transports antigen peptides of 8-16 residues into the ER. N-terminal extended precursors will be further cleaved by ERAP1/ERAP2/LNPEP into oligopeptides
of 8 or 9 residues, which is the optimal length for binding to HLA-B27. The peptides subsequently (A) enter the Golgi apparatus for generation of mature
epitopes. However, various longer peptides may bind to HLA-B27, where they reside in the peptide groove of the HLA-B27 with (B) a protruding C-terminus,
or (C) a bulge in the center. These HLA-B27-bound peptides may be highly immunogenic and may stimulate an extremely biased T-cell response repertoire.
NPEPPS, aminopeptidase puromycin sensitive; TAP, transporter, ATP-binding cassette subfamily B member; HLA, human leukocyte antigen; ER, endo-
plasmic reticulum; ERAP1/2, endoplasmic reticulum aminopeptidase 1/2; LNPEP, leucyl cystinyl aminopeptidase; TCR, T-cell receptor.

molecules, with either a protruding C-terminus (28), or a
middle bulge (Fig. 1) (29). These HLA-B27-bound peptides
may be highly immunogenic and may stimulate an extremely
biased TCR repertoire. When they are presented to the TCR
on T cells, a HLA-B27-specific, T-cell-mediated impaired
peptide presentation is initiated, which leads to differences

in immunodominance hierarchies for the presentation of a
variety of aberrant epitopes, which is important in the patho-
genesis of AS (23).

It was previously demonstrated that three antigens of the
Epstein-Barr virus with overlapping sequences of different
lengths, including the 9-mer (56LPQGQLTAY64), 11-mer
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(S4EPLPQGQLTAY64) and 13-mer (S2LPEPLPQGQLTAY64)
peptides, all bound efficiently to HLA-B*35:01. By contrast,
the cytotoxic T cell (CTL) response in individuals expressing
HLA-B*35:01 was directed exclusively toward the 11-mer
peptide (30). Conversely, individuals with HLA-B*35:03
demonstrated no significant CTL response to these peptides;
however, individuals expressing HLA-B*35:08 exhibited
a CTL response targeted to the 13-mer peptide (30). It was
therefore hypothesized that the CTL response to infecting
pathogens may target antigen peptides of >9 amino acids in
length. It is therefore formally possible that HLA-B27 may
exhibit a similar role in the pathogenesis of AS, by targeting
unusually long peptides with subtype specificity.

For numerous variants of ERAPI1, when the function of
peptide processing is suppressed or disordered, the modifi-
cation of peptide fragments may be deregulated and lead to
an increase in the number of extended peptides or abnormal
peptides. It has previously been demonstrated that mice
lacking the ERAP1 enzyme exhibit disrupted presentation
of peptide-MHC-I molecules, which leads to a marked shift
in the hierarchy of immunodominance (31). This is followed
by a 100-fold increase in the immune response to various
ERAPI-sensitive viral peptides, a reduced or absent immune
response to those that are ERAP1-dependent, and an unaltered
response to ERAPIl-independent peptides (31). Furthermore,
ERAP-deficient cells present numerous unstable and structur-
ally unique peptide-MHC complexes, which may elicit potent
CDS8* T cell and B cell responses (32). An additional factor that
may influence structural features of antigen peptides is TAP, as
it serves a role in altering antigen peptide selection and trans-
portation, which is the basis for further processing (33). The
increase in the frequency of longer peptides for dysfunctional
ERAPI and TAP may increase the antigen peptide precursors
and the frequency of downstream abnormalities, thus resulting
in a greater incidence of AS. Therefore, it may be feasible to
ameliorate CTL-mediated autoimmune assaults by altering
epitope generation via the administration of selective protea-
some inhibitors (34).

Cell surface HLA-B27 dimers and their receptors. As the
low binding affinity of f2m and peptides with HLA-B27
HCs by hydrogen bonding, as well as HCs may form cova-
lent homodimers via the ol domain of C67, the ‘cell surface
HLA-B27 homodimers’ hypothesis proposes that formation
of disulphide bonds between the cysteine residue at C67 in
the peptide binding groove of two separate HC molecules
generates homodimers without the participation of f2m (23).
It has been previously demonstrated that HLA-B27 homodi-
mers may bind to immunoreceptors expressed on natural
killer (NK) cells, myelomonotic cells or lymphocytes [killer
cell immunoglobulin-like receptors (KIR) and leucocyte
immunoglobulin-like receptors (LILR)], and therefore may be
important in the pathogenesis of autoimmune disorders (37).
A previous study revealed that patients with SpA exhibit an
increased number of NK and CD4* T cells (38). These cells
express the killer cell immunoglobulin-like receptor, three
Ig domains and long cytoplasmic tail 2 (KIR3DL?2) receptor,
which recognizes cell surface HLA-B27 homodimers (38,39).
Interestingly, LILRB2 and KIR3DL2 bind to HLA-B27 dimers
with a stronger affinity than HLA-B27, as well as additional
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conventional HLA-class I heterotrimers, and the binding of
KIR3DL2 has been demonstrated to promote the survival and
differentiation of inflammatory leukocytes in SpA (40.41).
Enhanced proliferation and survival of KIR3DL2* CD4* T
cells and increased IL-17 production have been observed in
AS patients upon stimulation with antigen presenting cells that
express HLA-B27 homodimers (38). In addition, the majority
of IL-17-producing KIR3DL2* CD4* T cells were reported to
produce tumor necrosis factor (TNF)-a, and were enriched
with the production of interferon (IFN)-vy, when compared
with KIR3DL2-Th17 cells. KIR3DL2-expressing CD4* T cells
account for the majority of peripheral blood CD4* T cell IL-23
receptor expression, and produce increased IL-17 in the pres-
ence of IL-23 (39). In addition to KIR3DL2, the interaction
between these cell surface HLA-B27 dimers and their recep-
tors require further investigation.

ER-resident and cell surface dimers are not associated.
The cysteine at position 67 is known to be involved in cell
surface and intracellular dimer formation (42). In addition,
the structurally conserved cysteines at positions 101 and
164 have been demonstrated to be involved in the forma-
tion of ER-resident dimers (17). ER-resident dimers form
via C67-C67 or C164-C164 disulfide bonds, however, they
do not transit out of the ER (43). Cell surface dimers form
following the recycling of fully-folded HLA-B27 cell surface
molecules via the endocytic pathway, prior to re-expression as
dimers mediated by C67-C67 interactions (25). It is important
to note that intracellular dimers and cell surface dimers may
represent two different mechanisms or hypotheses (Fig. 2).
One potential mechanism may be that the structurally unique
peptide-MHC complexes are unstable, which may lead to
dissociation of heterotrimeric HLA-B27 from the cell surface
and the formation of cell surface homodimers. Furthermore,
the formation of these dimers from different HLA-B27
subtypes may contribute to the differential association of these
alleles with AS. It has been reported that HLA-B*27:05, which
is strongly associated with AS, forms a greater number of
HLA-B27 dimers for KIR3DL2 compared with HLA-B*27:09
which is not associated with AS (33). Increased proportions of
peripheral blood NK and CD4* T cells that express KIR3DL2
have been demonstrated to be present in AS patients with
HLA-B*27:05%, compared with healthy HLA-B*27:05%,
HLA-B*27:09* or HLA-B27 controls (44). By contrast, it is
possible that HLA-B27 homodimers may affect prior to their
expression on the cell surface (45). An additional subtype of
MHC-I molecules, HLA-G, has been demonstrated to form
homodimers in endosomes with a fully-folded f2m-associated
form (21). This non-classical HLA-G subtype is considered
to be the ligand for KIR2DL4 (CD158d). Unlike the other
KIRs that are expressed on the surface of NK cells, KIR2DL4
resides in endosomes (46). It remains to be verified whether
additional potential receptors are present in endosomes that
recognize endosomal HLA-B27 dimers, and whether they
demonstrate pathogenic roles in AS.

Misfolded forms with or without the unfolded protein
response (UPR). The majority of the disease-associated
forms of HLA-B27 molecules (HLA-B*27:05, HLA-B*27:04
and HLA-B*27:02) demonstrate a reduced rate of folding
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Figure 2. Different pathogenic roles of ER-resident and cell surface HLA-B27 dimers. ER resident dimers may result in ER stress as a cellular response and
lead to activation of the unfolded protein response. Cell surface dimers are reported to form following the recycling of fully-folded HLA-B27 cell surface
molecules via the endocytic pathway, and re-express as dimers for presentation to immunoreceptors, including KIR and LILR. Enhanced proliferation and
survival of KIR3DL2" CD4* T cells and increased IL-17 production in patients with AS following stimulation with antigen presenting cells expressing
HLA-B27 homodimers has been previously demonstrated. The majority of these cells have been reported to produce TNF-a and IFN-y. IL-17 has been
demonstrated to synergize with TNF-a or IFN-y to promote the release of inflammatory mediators and influence bone metabolism, thus demonstrating
its important role in the pathogenesis of AS. ER, endoplasmic reticulum; HLA, human leukocyte antigen; IFN-y, interferon-y; IL-17, interleukin-17; KIR,
killer cell immunoglobulin-like receptor; KIR3DL2, killer cell immunoglobulin-like receptor three domains long cytoplasmic tail 2; LILR, leucocyte
immunoglobulin-like receptor; TNF-a, tumor necrosis factor-a; AS, ankylosing spondylitis.

when compared with HLA-B*27:06 and HLA-B*27:09
and the majority of other MHC-I molecules, which are not
associated with AS (38,47). The increase in duration for the
disease-associated HLA-B27 molecules to assemble appears to
subsequently lead to the accumulation of misfolded HLA-B27
molecules in the ER; a proportion of which may be in the
form of dimers. The accumulation of misfolded or unfolded
proteins may perturb ER function and result in ER stress and
activation of the UPR, in an attempt to rescue or dispose of the
burden of misfolded proteins (48,49). Furthermore, IL-23p19
(the unique subunit of the active IL-23 cytokine) was revealed
to be synergistically upregulated by lipopolysaccharide (LPS)
in macrophages undergoing a UPR in an HLA-B27 transgenic
rat model of spondyloarthropathy (50). Furthermore, IL-23p19
was increased in the colon of these rats, which was concur-
rent with the development of intestinal inflammation. IL-17
exhibited robust upregulation in a similar temporal pattern,
with an expansion of IL-17-expressing CD4* T cells (50).
However, increased production of IL-23 in response to LPS

without induction of significant UPR has been reported in AS
macrophages (51). Ciccia et al (52) reported that HLA-B27
misfolding occurs in the gut of patients with AS, and is accom-
panied by activation of autophagy rather than a UPR. However,
Neerinckx et al (53) failed to demonstrate any significant
increase in the expression of synovium autophagy-associated
genes by reverse transcription-polymerase chain reaction,
and no significant overexpression of IL-23p19 was observed
when compared with disease and healthy controls. IL-23p19
has been previously demonstrated, to be overexpressed in
the inflamed tissues of patients with AS (such as the gut and
zygapophysial joints) as determined by immunohistochemical
analysis (54,55). IL-23p19 may exhibit a tissue-specific role
in the gut and/or in the lymph nodes, by priming specific
subsets of IL-23-responsive proinflammatory cells. A previous
study investigated the hypothesis that ERAP1-mediated
HLA-B27 misfolding increases ER stress and induces an
IL-23-dependent, pro-inflammatory immune response (56). It
was demonstrated that disease-associated polymorphisms in
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Figure 3. A schematic depicting the potential pathogenesis of AS caused by HLA-B27. Aberrant processing and presentation of structurally unique peptides
were initially proposed to explain the potential pathogenesis of AS. Cell surface HLA-B27 dimers may be recognized by various immunoreceptors and may be
important in the pathogenesis of autoimmune disorders. Accumulation of proteins in the ER, including ER-resident dimers, misfolded HCs and 32m may result
in the ER stress response, thereby activating the unfolded protein response, which is associated with cytokine dysregulation. In addition, the accumulating
f2m in synovia for dissociation and/or overexpression, may induce the synthesis and secretion of proteins involved in tissue destruction, thus leading to AS.
The exosomal fully-folded HLA-B27 dimers may be important in the pathogenesis of AS via intercellular communication. AS, ankylosing spondylitis; HLA,
human leukocyte antigen; HC, heavy chain; KIR, killer cell immunoglobulin-like receptor; LILR, leucocyte immunoglobulin-like receptor; ER, endoplasmic

reticulum; MHC, major histocompatibility complex; f2m, f2microglobulin.

the ERAPI and HLA-B27 genes do not alter ER-stress levels
in AS (56). Therefore, it remains to be elucidated whether
ER-resident misfolded HLA-B27 molecules are associated
with the UPR and exhibit pathogenic roles in AS.

Exosomal fully-folded MHC I dimers. The redox-induced
dimers in exosomes are fully-folded and are independent of the
cysteine residues at positions 67 and 308. However these dimers
are critically dependent on cysteine 325 in the cytoplasmic
tail (21). It has been suggested that they are redox-induced
due to the relative absence of the reducing agent glutathione
in exosomes, which contrasts with the low millimolar levels
normally observed in the cell cytoplasm (43). Considering
that exosomes will be released as extracellular vesicles, they
may represent an important mode of intercellular communi-
cation (20,57). Therefore, the exosomal fully-folded MHC I
dimers may transfer signals to the resident cells in entheses
to induce inflammation, which may lead to alterations in joint
architecture and new bone formation.

Additional HLA-B27 hypotheses. 2m-free, peptide-free HCs
support a helix-coil transition facilitating rotation of backbone
angles around amino acid 167/168, thus leading to the resi-
dues 169-181 (identical to a known HLA-B27 ligand) to loop
around and occupy the molecule's own peptide binding cleft.
This ‘auto-display’, that occurs within or between HLA-B27
molecules, may induce an autoimmune disease and be impor-
tant in the pathogenesis of AS (58).

Upon dissociation of the HLA-B27 dimers, 2m may
accumulate and become trapped in the synovia, where they
may bind to collagen and form amyloid deposits or interact
with synovial fibroblasts, thereby inducing the synthesis and

secretion of proteins involved in tissue destruction, finally
resulting in AS (59). This is termed the ‘B2m deposition’
hypothesis. It was further hypothesized that f2m expression
levels may be associated with AS pathogenesis, as spondylitis
was successfully induced in a novel HLA-B27/32m transgenic
rat model expressing increased levels of f2m (60). This lead to
the proposed ‘B2m over-expression’ hypothesis (60).

4. Discussion

According to the results of previous studies discussed in
the present review, it is possible that the onset of AS may
result from aberrant peptide presentation (11,12), misfolded
HLA-B27 molecules (16), HLA-B27 dimers (17,19) or f2m
accumulation and deposition (6,23) (Fig. 3). Previous studies
have demonstrated the involvement of the IL-23/IL-17 axis
in the pathogenesis of AS (61,62). However, aberrant recogni-
tion and cytokine dysregulation may not be two independent
procedures. Aberrant recognition by specific immunorecep-
tors may occur in upstream pathways, which may subsequently
contribute to downstream cytokine dysregulation, particularly
in the IL-23/IL-17 axis.

Currently, three major mechanistic hypotheses exist to
describe the association between HLA-B27 and AS. Firstly,
aberrant peptide processing and presentation may be involved in
the pathogenesis of AS due to the interaction between HLA-B27
and ERAP1 (11,12). However, the molecular mechanisms
underlying this process remain to be fully elucidated. Secondly,
misfolded HLA-B27 molecules in the ER may trigger ER stress
and provoke the UPR (16). It has been previously demonstrated
that this is followed by the subsequent upregulation of various
cytokines, particularly IL-23 and IL-17, accompanied by the
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development of immune dysregulation. However, macrophages
from AS patients exhibited greater IL-23 production in response
to LPS, and no significant UPR induction was observed. The
induction of the UPR is dependent on the magnitude and dura-
tion of ER stress, as well as the type of cells that are affected.
Further studies are required to determine whether cells process
misfolded monomers, intracellular HLA-B27 homodimers or
[2m in the ER differently, and whether they may be associated
with the UPR and further cytokine dysregulation. In addition,
further studies are required to reassess the cellular source of
IL-17 in the primary target tissues of AS, including v T cells,
mast cells, neutrophils or innate lymphoid cells that have been
implicated in previous studies (3). Furthermore, cell surface
HLA-B27 dimers may be important in AS pathogenesis, due
to their role in binding to receptors on immune cells (17,19).
The recognition of HLA-B27 dimers by KIR3DL?2 is report-
edly associated with KIR3DL2* IL-17-producing CD4* T
cells, IL-23 receptor expression and the production of IL-17,
TNF-a and IFN-y. Future studies investigating the intrinsic
association between the pathogenic role of HLA-B27 and the
IL-23/IL-17 axis may provide novel insights into understanding
the molecular mechanisms involved in the development and
progression of AS.
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