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 Ankylosing spondylitis, referred to as AS, is a debilitating form of arthritis that at the 

moment does not have a cure.   It is genetically linked, being traceable along family lineage with 

slightly higher occurrence in men as opposed to women.  AS, like rheumatoid arthritis (RA), is 

characterized by chronic inflammation; it differentiates from arthritis by often resulting in spinal 

bone formation or fusion2.  The fusing of vertebrate is often found in very progressed forms of 

the disease.  More common is the joint pain typical of most arthritic diseases.  An additional 

consequence of the disease found in some patients is the development of uveitis, inflammation of 

the eye3; this symptom can be used for diagnosis of the disease.  The typical age of onset is 

during the mid twenties, while actual diagnosis due to improper techniques or lack of availability 

of a diagnostic test tends to occur around the mid thirties1.  The typical genetic marker searched 

for is known as HLA-B27, a gene that has several subtypes and is pervasive through most cases 

of AS.   HLA-B27 is suspected to be the primary gene involved with AS, but with recent 

evidence it is believed that there could be more genes involved; as of yet, the precise mechanism 

of AS is unknown.  Until the mechanism is known there can be no cure for AS, only medicine to 

reduce pain.  Many different research groups are working hard to determine the mechanism of 

AS, with several prevalent theories leading the field.
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 HLA-B27 is a gene that encodes a specific type of major histocompatibility complex 

(MHC)4.  MHCs are part of the immune system, existing on cell membranes to present peptides 

to T cells.  This in turn results in T cells recognizing those peptides as antigens and attacking any 

cells that also present those peptides.  There are two classes of MHCs, known as MHC I and 

MHC II.  MHC class II molecules interact with CD4 T cells and assist with the activation of B 

cells.  MHC class I molecules interact with CD8 cytotoxic T cells, activating T cells to recognize 

the host cells that present those peptides due to an infection.  HLA-B27 codes for a MHC class I 

molecule, leading to the destruction of other cells that present the same peptide.  Typically, if a 

virus or other intercellular antigen finds its way into the cell, the MHC class I molecules will 

present a peptide from the foreign antigen.  If the cell accidentally loads a peptide from the host’s 

body, this can result in self-recognition.  If the T cells fail to realize that it is recognizing its own 

body cells, it will begin to attack and destroy the body’s cells which will also result in 

inflammation.  This is what often results in an auto-immune disease. 

 One factor that could cause incorrect loading of peptides or incorrect recognition of 

HLA-B27 MHC can be the dimerization of the heavy chain segments of MHC molecules.  

However, it is difficult to analyze the roles of dimers due to the lack of a dimer-specific antibody.  

The antibody typically used for analysis, HC10, is able to recognize both fully unfolded HLA-B 

molecules and HLA-C molecules5.  The study performed by Campbell et al. therefore attempted 

to quantize the amount of dimers present in cell lysates from both patients afflicted with AS and 

control groups of healthy patients with no rheumatological conditions.

 First, the experimenters obtained a group of patients who were afflicted with AS and a 

control group of patients who did not have HLA-B27.  Blood samples of the individuals were 
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obtained and monocyte-derived dendritic cells (DCs) were isolated by adhering to plastic dishes 

containing a medium composed of bovine serum and kanamycin5.  The portion of blood that did 

not adhere to the dishes was washed off, medium containing interleukin-4 and granulocyte-

macrophage colony-stimulating factor5 was added to the dishes, and the DCs were allowed to 

grow and differentiate for five days prior to being tested.  For testing, the cells were treated with 

lipopolysaccharide, LPS, for varying lengths of time in increments of 24 hours.  The cells were 

then harvested by centrifugation and alkylated on ice, followed by lysing in a lysis buffer.  The 

lysates were then centrifuged and the supernatant heated with an equivalent volume of non-

reducing sample buffer to ensure that no disulfide linkages are reduced.  Samples were then 

analyzed on 8% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gels.  

These gels separate the loaded samples by atomic weight by running an electric current through 

the gel.  The smaller particles will move much faster across the gel than the larger complexes.  

Following the gel electrophoresis, the samples were transferred to nitrocellulose purchased by 

the experimenters.  The samples were then probed with antibodies, in this case HC10, in 

phosphate buffered saline with tween (PBST).  Quantitative measurements of the concentration 

of HLA-B27 dimers were performed using chemiluminescence. When the antibodies recognize 

the HLA-B and HLA-C, they latch onto the samples.  A reactant is then added that will react with 

the enzyme attached to the other end of the antibody, causing the chemiluminescence5.  

 The resulting data is presented in Figure 1 of the article, showing the panels of several 

different patients5.  As is seen in each panel, dimers and monomers were both present in all 

patients regardless of presence of AS.  Figure 2 adds the quantitative data for this experiment5.    

There was very little to no increase in dimer levels in either the healthy or the AS patients; what 
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increase there was appeared to be mirrored in either group.  Figure 3 presents the statistical 

analysis of the data obtained; there was no statistical significance between the levels of the 

healthy patients and the levels of the patients with AS5.  Care was taken to also test a patient with 

non-reduced and reduced samples to demonstrate any differences that need to be accounted for in 

the analysis of the data.  For instance, the reduced monomers migrated across the gel much 

slower due to disruption of internal structural disulfide bonds.  Unfortunately, the presence of 

dimers varied greatly between individuals of both groups.  With this study, therefore, there was 

no significant statistical data implicating that the detection of HLA-B dimers could be used as a 

biomarker for AS5.  If the dimers were to be used as a biomarker, it would have to be under 

different circumstances.

 In addition to attempting to quantify the amount of dimerization of HLA-B27, Campbell 

et al. also attempted to determine the levels of endoplasmic reticulum aminopeptidase 1 

(ERAP1) in patients with AS compared to healthy patients.  ERAP1 edits peptides in the 

endoplasmic reticulum by trimming them down to the appropriate length of amino acids required 

for major histocompatibility complexes, around eight or nine amino acids5.  A high abundance of 

ERAP1 could lead to over-abundance of peptides or incorrect trimming of peptides to be loaded 

onto HLA-B27, which could possibly lead to incorrect identification and targeting of HLA-B27 

presenting cells by cytotoxic T cells.  ERAP1 is known to be present in high supply in RA, thus 

leading the experimenters to test if it is also involved in AS.  In order to determine the presence 

of ERAP1, the same procedure that was used for the detection of dimers was performed by 

Campbell et al.  The only difference was instead of using HC10 as the antibody, anti-ERAP1 

antibody was used.  The data obtained, however, was inconclusive as some of the patients with 
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AS had higher levels of ERAP1 and some of the patients had the same levels as the control group 

members5.  “The patient group (n=5) had significantly higher ERP1 expression levels than the 

non-B27 control group (n=28),” leading the experimenters to believe that there is a link between 

AS and levels of ERAP15. Further studies would have to be conducted with perhaps larger 

subject groups in order to determine if there truly is a correlation in levels of ERAP1 with the 

presence of AS.

 Given that AS is an autoimmune disease, it follows that good indications of the presence 

of the disease as well as excellent leads into determining the mechanism of AS would be in 

analyzing the immune system and the presence of several different immunological molecules 

such as cytokines.  For instance, Mei. et al. noticed that interleukin 17 (IL-17) is a cytokine 

associated with inflammation and autoimmunity.  A cytokine is any molecule that is secreted by 

the immune system and effects other cells.  IL-17 has previously been linked with several 

autoimmune diseases including multiple sclerosis and RA6.  As of yet, it has remained uncertain 

whether IL-17 is associated with AS.  While cytokines have been shown to be involved with the 

pathogenesis of AS, it is simply unclear if IL-17 is one of these cytokines.  Mei et al. undertook 

this challenge to attempt to determine if interleukins 17 and 23 are involved with AS.  In order to 

do this, they obtained samples from patients with AS and a control group of healthy patients who 

had no rheumatologic conditions.  The serum IL-17 levels were determined using enzyme-linked 

immunosorbent assay, ELISA6.  Typically in enzyme-linked immunosorbent assays a 96-well 

microplate is used, with each well on the plate containing a specific receptor that can bind the 

sample.  The serum sample is then added to the wells, in this case allowing for the binding of 

IL-17 or IL-23 to their receptors.  Once the sample has been given time to bind to its receptor 
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and the wells have been washed so as to remove any unbound sample, a new solution is added to 

the wells.  This solution contains an antibody that recognizes the interleukin-receptor complex 

and binds to it.  This antibody is typically purchased or comes with an ELISA kit, and has an 

enzyme attached to it.  The wells are then washed once more to remove any excess antibodies, 

and finally a substrate that is used by the enzyme attached to the antibody is added.  This causes 

a color change of solution that can be quantified using spectroscopy. 

 Just as in the other diseases associated with IL-17 and IL-23 inflammation, the patients 

with AS exhibited much higher levels of IL-17 and IL-23 than the volunteers who did not have 

AS.  Unlike RA and Crohn’s disease, the amount of IL-17 and IL-23 did not necessarily increase 

with the severity of the disease6.  Thus, this paper established two basic ideas that will ideally be 

expanded upon with further research.  The first item is that IL-17 and IL-23 must play some role 

in the pathogenesis of AS, most likely in accord with the helper T cell known as Th17.  Both 

IL-17 and IL-23 are involved in the development of Th17 cells.  It is possible and likely that 

unregulated Th17 cells may have a part in the pathogenesis of AS; further experimentation will 

be needed to test this hypothesis.  The second item determined by Mei et al. is that the 

concentration of the interleukins does not necessarily alter the severity of the disease; thus, it 

would appear that the interleukins do not directly affect the inflammatory response corresponded 

with the disease but rather in some other way are involved in the pathogenesis.

 Aside from looking directly at molecules involved with inflammatory responses, other 

scientists are attempting to determine the mechanism of AS particularly related to the formation 

of bone.  In a study conducted by Daoussis et al., the presence of Dkk-1 was observed to 

determine if there were higher concentrations in patients with AS than other patients.  Dkk-1 is 
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an inhibitory molecule that regulates the Wnt pathway7.  This pathway controls 

osteoblastogenesis, the production of bone cells. Higher levels of Dkk-1 observed in animal 

models lead to bone resorption, whereas decreased levels lead to new bone formation7.  As one 

of the symptoms of AS is the production of bone and fusing of vertebrate, it would be expected 

that there would be lower amounts of Dkk-1 in AS patients as that would allow for the 

production of more osteoblasts. 

 In addition to testing AS patients, this experiment also conducted analyses on patients 

with rheumatoid arthritis (RA) and psoriatic arthritis (PsA) with a control of healthy subjects.  In 

order to quantify the amount of Dkk-1 in the patients tested, Daoussis et al. utilized ELISA by 

using a commercially available kit.  The mechanism for this is similar to that used by Mei et al.6, 

except in this case Dkk-1 was binding to its receptor LRP-67.  For this experiment, all samples 

were run in triplicate and the controls were from patients who did not have AS, PsA, or RA.

 One of the benefits of comparing and contrasting data from patients of AS and patients of 

RA is that the diseases have essentially opposite effects.  AS results in bone formation and 

fusing, whereas RA results in bone deterioration.  This study found that the serum levels of 

Dkk-1 were much higher in patients with AS than those in patients of PsA, RA, and healthy 

patients7.  RA subjects, meanwhile, did not experience differing levels of Dkk-1 than the normal 

subjects.  Daoussis et al. then compared the levels of Dkk-1 in patients with AS with no 

treatment of tumor necrosis factor alpha (TNF-alpha) and those who underwent treatment with 

TNF-alpha.  TNF-alpha is a type of cytokine, slightly different from the interleukins.  It was 

found that there were much higher levels of Dkk-1 in patients who had undergone treatment with 
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TNF-alpha7.  This implicates that part of TNF-alpha’s usefulness in treatment is the production 

of Dkk-1, resulting in more regulation of osteoblastogenesis and less bone formation.

 Another study attempting to determine the origin of bone formation was performed by 

Chang et. al8.  In an attempt to ascertain the mechanism of AS in bone formation, Chang et al. 

turned studying the presence of carbonic anhydrase I (CA1).  CA1 catalyzes the hydration of 

carbon dioxide, resulting in the formation of bicarbonate.  This also promotes the formation of 

calcium carbonate, which precipitates quickly and can result in bone formation8.  Chang et al. 

thus hypothesized that they would find higher levels of CA1 in patients with AS than in patients 

with RA, osteoarthritis (OA), or healthy subjects.

 In order to determine the presence of CA1 in the synovial membranes, Chang et al. 

performed Western blot analysis with antibodies against CA1.  In order to perform the Western 

blot, the samples were homogenized in commercially available lysis solution and centrifuged.  

The supernatant was then collected and the concentration of protein in the supernatant 

determined by a protein assay kit that was purchased.  Five micrograms of protein were then 

loaded and separated on SDS-PAGE and transferred onto nylon membranes, followed by the 

addition of the primary antibody, the anti-human carbonic anhydrase antibody8.  Once the 

antibody had been given time to adhere to CA1, the wells were washed with buffer and the 

secondary antibody, provided by the kit, was added.  A final reagent provided by the kit was 

added and the blot was visualized using a spectrophotometer and computer program purchased 

as part of the kit.  The experimenters used glyrceraldehyde 3-phosphate dehydrogenase 

(GADPH) as a control to compare the levels of CA1.  GADPH is an enzyme that is involved 

with glycolysis and energy and was usable as a control in this experiment.  It was found that 
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there were much higher levels of CA1 in AS patients than in patients with RA or OA, with at 

least a two-fold increase in levels of CA1 in AS patients8.  Chang et al. thus hypothesize that 

CA1 is involved in the mechanism of bone formation in AS, although the precise mechanism will 

have to be determined with further experimentation.

 Many different approaches have been taken to determine the mechanism of AS involving 

determination of cytokines involved by ELISA or other quantitative methods, yet many aspects 

of the disease remain elusive to scientists.  Molecules involved in the mechanism are slowly 

being narrowed down, by taking care to analyze the presence of varying immunological 

molecules such as cytokines and other molecules involved with inflammation.  By comparing AS 

to other arthritic diseases such RA, PsA, and OA, scientists have an idea of what molecules can 

be analyzed to see if they are involved in the mechanism of AS.  Although the gene encoding 

HLA-B27 is the primary gene involved with AS, it’s precise involvement with AS is as of yet 

undetermined, whether it is directly a consequence of the HLA-B27 MHC molecule or some 

other aspect related to it.  The effect of dimerization of HLA-B27 MHC molecules on AS as of 

yet is still uncertain, due to lack of an accurate method of detection of dimerization.  The 

mechanism of bone formation still remains elusive as well, although scientists are narrowing it 

down and exploring different routes that are suspected to be utilized.  It seems likely that the 

levels of carbonic anhydrase 1 could be highly involved with bone formation and vertebrate 

fusion.  Levels of cytokines such as interleukins are still being studied for use in diagnosis, 

although as of yet those levels do not seem to be strictly correlated with severity or presence of 

AS.  Treatments using TNF-alpha so far appear to be successful, with part of the reason possibly 

being elucidated by its part in promoting the production of Dkk-1, with statistical evidence 
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demonstrating that increased levels of TNF-alpha increase the amount of Dkk-1, helping to 

regulate the amount of bone fusion in patients7.  Ultimately, much more research must be 

performed to determine the mechanism of AS and the cause of it’s onset in it’s victims; 

thankfully, the foundational work that has already been performed will greatly assist and guide 

future experimenters in their inquiries.
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