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HLA-B*27 in human health and disease 
Silvia Ioana Andrei, Dan Denis Boloca, Olivia Mihaela Popa, Constantin Bara

ABSTRACT
HLA-B*27 is one of the most studied HLA allele due to its association with diseases from the spondyloarthritis 
group, mainly ankylosing spondylitis. This association is still the strongest association described in the literature 
between an HLA gene and a disease. In the general population, the distribution of HLA-B*27 all over the world 
seems to vary according to the geographic area of the country. It also has a protective role against certain condi-
tions, especially viral infections.
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IntroductIon
The human major histocompatibility complex 

(MHC), due to its immunobiological functions, has a 
central position in basic and clinical immunology. It 
includes the human leukocyte antigens (Hla) class-
es I and II that are involved in presentation of anti-
genic peptides and have an important role in organ 
transplantation and in immune-mediated diseases. 

Hla-B*27 antigen belongs to Hla class I. It has 
been studied since 1973 when two scientific groups 
reported independently a very strong association be-
tween Hla-B*27 and ankylosing spondylitis 
(Brewerton and colleagues and schlosstein and col-
leagues) (1). ankylosing spondylitis (as) is one of 
the most common rheumatic diseases and belongs to 
the spondyloarthritis group. This association is still 
the strongest association described in the literature 
between an Hla gene and a disease.

Structure and function

HLA-B gene is a MHC gene specific for human 
race. It is part of the MHC class I, together with 
HLA-A and HLA-C genes. Class I MHC genes repre-
sent the genetic support for the synthesis of some 
proteins on the surface of all nucleated cells in the 
human body. The proteins encoded by HLA-B gene 
bind peptides which originate from the interior of the 

cell and present them to the immune cells. They rec-
ognize the fragments as non-self and mechanisms of 
apoptosis are triggered. There is a large variety of 
HLA-B genes, which permit each person to react 
against a large variety of external aggressive agents.

HLA-B gene is located on the short arm of chro-
mosome 6 (6p21.33) starting from the base pair 
31,353,866 until the base pair 31,357,245 (2). as the 
alleles of the HLA-B gene are very numerous, they 
have been each given a number, in order to make 
possible organised studying methods. The most re-
cent allele is HLA-B*83, as mentioned in september 
2018 (3).

Due to the genetic association with diseases from 
the spondyloarthritis group, mainly as, HLA-B*27 
is one of the most studied allele (4). Its variants, 
which present very important similarities, have been 
organised as subtypes: HLA-B*2701-HLA-B*27182 
(5, 6), but most of them are not sufficiently repre-
sented in population for genetic association studies 
(7). The ancestral subtype is considered B*2705 and 
has a high frequency in Caucasian population. Other 
common subtypes are B*2702 and B*2707 in the 
Middle east, B*2704 and B*2706 in the east, 
B*2703 in africa and B*2709 in sardinia (8).

Hla-B*27 protein is a heterodimer, as it is com-
posed of two different chains associated by disulfide 
bonds. The a chain of the Hla-B*27 protein is en-
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coded by the HLA-B*27 gene. The gene has 8 exons 
and 7 introns (9). The β chain of the HLA-B*27 pro-
tein is encoded by the B2M gene, located on chro-
mosome 15 (10). MHC molecules are formed in the 
endoplasmic reticulum and then travel to the cellular 
surface after proper assembly (11). 

The a chain is a heavy transmembrane chain 
(43kDa), with an extracellular amino-terminal end 
and an intracellular carboxy-terminal end. β chain is 
the light chain (12kDa) and it is located strictly ex-
tracellular. Both chains are organised in some do-
mains, each of which has 100-110 amino acids. 
These domains are the result of intra-chain disulfidic 
bonds. The a chain is formed of 3 domains. a1 and a2 
are located at the amino-terminal end and have al-
most the same dimensions, even though they are 
made from extremely different amino acid sequenc-
es. as a result, they are known as the polymorphic 
domains of the Hla molecule. They form a very 
small cavity, which binds the epitope and presents it 
to the CD8+ lymphocyte. a3 domain has a constant 
structure for all the cells which can produce class I 
Hla molecules, and it is very important in the coop-
eration with the lymphocyte, as the latter contacts 
the presenting cell by the CD8 receptor. The β chain 
is composed of a single domain, which has the same 
amino acid sequence for all the members of the same 
population. This chain is known as the β2-mi-
croglobuline (9). It is a self structure and it has a very 
important role in the graft rejection mechanisms.

The variations between the Hla-B*27 subtypes 
consist, most frequently, of only one or two different 
amino acids. These differences usually occur in the 
heavy chain of the Hla molecule, especially in the 
peptide-binding groove. The peptide-binding groove 
is formed by a1 and a2 domains. The linking points 
between the groove and the peptide are represented 
by certain sequences named pockets of the heavy 
chain. The pockets received letters from a to F (12). 
Genetic variations that determine amino acids 
changes at the pockets level can impact strongly the 
function of Hla-B*27 molecule. Important pro-
gresses have been made regarding the biochemical 
and biophysical aspects related to the presence of 
polymorphisms at the binding sites and their in-
volvement in disease pathogenesis.

Pocket a. It binds the amino-end of the peptide in 
a complex manner, through five hydrogen bonds. 
The pocket contains three tyrosines to make the link 
with the peptide (in positions 7, 59 and 171). The 
residue arg62 is a key for TCr recognition (12). 

Pocket B. Most frequently, pocket B accommo-
dates an arginine located in the position 2 of the pep-
tide. However, ~3% of Hla-B*2705 subtype pres-
ent peptides containing glutamine in the position 2. 
Some of these peptides derive from β2-microglobu-
line and in experiments with transgenic rats it was 
shown to influence the manifestation of as-like dis-
ease (7). On the other hand, pocket B has the amino 
acid Cys in position 67 which contains a free thiol 
radical that favours the Hla-B*27 heavy chains ho-
modimerization (13). The new molecule formed in 
this way has two heavy chains and no β2-microglob-
uline. This kind of molecules stimulates the nK cells 
receptor KIr3Dl2, but it can also stimulate the re-
ceptor lIlrB2 from the lymphocytes.

Pocket F. This pocket contains the highly poly-
morphic residue 116 and it is supposed to bind to the 
carboxy-end of the peptide. However, the pocket 
sometimes binds to the middle of the peptide. The 
subtypes associated with as (Hla-B*2705, 
Hla-B*2704 and Hla-B*2702) have the aspartic 
acid in position 116. On the other hand, the 
Hla-B*2706 and Hla-B*2709 subtypes, not asso-
ciated with as, have tyrosine and hystidine, respec-
tively, in this position. The positions 77 and 114 are 
also polymorphic (12).

There also exist some preferences for other ami-
noacids in other positions of the presented peptides. 
These preferences are different from one subtype to 
another. B*2705 binds peptides with a carboxy-ter-
minal end which is either aromatic, hydrophobic or 
positive. On the other hand, Hla-B*2702 can bind 
only aromatic or hydrophobic carboxy-terminal ends 
(14).

There have been stated several theories that try to 
explain the way in which the Hla-B*27 subtypes 
cause as. the arthritogenic peptide theory states 
that Hla-B*27 presents a specific pathogen-derived 
peptide to the immune system which determines the 
activation of CD8+ T lymphocytes that will cross-re-
act on molecularly similar self-peptide(s) through an 
autoimmune process (11,15). a recent study shows 
that the polymorphisms in the peptide-binding cleft 
of Hla–B*27 subtypes cause quantitative, not qual-
itative changes in the Hla–B*27 peptide repertoire 
which may be relevant for the activation of autoreac-
tive T cells (15).

 the homodimerization theory. Hla-B*27 can 
form homodimers on the surface of the cell. These 
dimers can be recognised by the immune system and 
can provoke an immune and inflammatory response. 
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However, this capacity isn’t specific to HLA-B*27 
(11).

The third theory is represented by folding errors 
that occur in the endoplasmic reticulum (11). The en-
doplasmic reticulum aminopeptidase 1 and 2 (eraP 
1 and 2) play an important role in the final processes 
of protein folding within the endoplasmic reticulum. 
These proteins are going to be attached on the MHC I 
molecules. Many studies have confirmed a strong as-
sociation between eraP1 and ankylosing spondyli-
tis. a specific eraP1/eraP2 haplotype has been 
determined to be associated with familial as (16). 
When the expression of ERAP1 gene becomes lower, 
the accumulation of Hla-B*27 on the cell surface 
increases. On the other hand, normal levels of eraP1 
result in a decrease in the accumulation of Hla-B*27 
and in the process of dimerization through disulfide 
chains (17). It has been determined that eraP1 in-
creases the risk of as in Hla-B*27 positive people 
(16). Moreover, it has been discovered that a decrease 
of eraP1 modifies only the expression of 
HLA-B*2705 and HLA-B*2704, which are also sub-
types associated with as. The expression of 
HLA-B*2706 and HLA-B*2709 remain unchanged 
after eraP1 is modified (18).

The heavy chain of Hla class I molecule can 
also be present on certain cells on its own, even 
though it is not associated with the light chain 
(β2-microglobuline). The misfolded proteins from 
within the cell can be carried on its surface by Hla 
class I molecules (including Hla-B*27), as well, 
and not only by Hla class II molecules, as it was 
believed for a long time. It has been discovered that 
this function can be performed only by the free 
heavy chains of the Hla class I molecules. When 
the Hla class I molecule is completely formed, it 
can no longer transport the misfolded proteins to the 
surface of the cell (19). 

HLA-B*27 and spondyloarthritis

The spondyloarthritis represent a group of in-
flammatory diseases, from which ankylosing spon-
dylitis is the most common affliction (20). 

ankylosing spondylitis has a high prevalence, es-
pecially in the populations with high rates of 
Hla-B*27 positivity. For example, the prevalence 
of as in the Caucasian population is between 0.15% 
and 1.8% (20).

In the general population, the distribution of 
Hla-B*27 all over the world seems to vary accord-

ing to the geographic area of the country (21). Fol-
lowing the north to south direction, very high fre-
quencies of Hla-B*27 have been found in alaskan 
population and significantly lower frequencies have 
been reported in the countries from the equatorial 
area (Table 1). Because Hla-B*2705 is the ances-
tral subtype, its distribution mirrors very precisely 
the distribution of Hla-B*27. Consequently, its fre-
quency becomes lower from the north to the south 
hemisphere. It can be clearly noticed that the ances-
tral Hla-B*2705 is the predominant subtype in 
Caucasian populations. 

It is considered that the ancestral subtype was the 
most widespread, but its frequency has been modu-
lated by different environmental factors which are 
characteristic for each geographical area. It has been 
suggested that the main factor responsible for the 
north to south distribution of Hla-B*2705 is ma-
laria and the relationship between the ancestral sub-
type and the protection against the disease. as a re-
sult, the negative selection in the endemic areas has 
determined lower frequencies of the ancestral sub-
type compared to other regions. such an example 
can be the population from sardinia, a region well 
known for its history marked by many years of ma-
laria endemics. The frequency of Hla-B*27 in the 
as patients from sardinia is 70% (7). Moreover, the 
Hla-B*2709 subtype was found frequent enough in 
sardinian population in order to enable the study of 
its association with as. It was present in 20% of the 
Hla-B*27 positive people and it was strongly asso-
ciated with the protection against the disease (22).

Other subtypes significantly associated with as 
are Hla-B*2702 and B*2704. In China there are 
two predominant subtypes: B*2705 and B*2704 
(23). 84.74% of Colombian patients with as have 
Hla-B*2705 subtype and 15.26% have 
Hla-B*2702 (24). Moreover, the Venezuelan popu-
lation presented the same pattern of association be-
tween Hla-B*2705 and Hla-B*2702 subtypes 
with as (7). There has been found no phenotypic 
difference regarding the clinical manifestations be-
tween the patients with Hla-B*2702 and those with 
Hla-B*2705 (25). On the other hand, Hla-B*2708 
subtype has been found in the majority of healthy 
Venezuelan controls, and it was absent from the pop-
ulation with as, so this may suggest the association 
between Hla-B*2708 subtype and the protection 
against as (26). However, this subtype has been 
found in patients with as in other populations, so it 
may only be a rare subtype, rather than a protective 
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one. This issue occurs in the case of other rare sub-
types as well, because they have been found in too 
few patients or controls in order to sustain a signifi-
cant association with spondyloarthritis or, on the 
contrary, a statistically significant non-association 
(7).

a meta-analysis which evaluated many studies 
run worldwide stated that Hla-B*2703, 
Hla-B*2706, Hla-B*2707 and Hla-B*2709 (7) 
subtypes have a protective role against ankylosing 
spondylitis. This association with protection against 
the disease has been suggested especially in the stud-
ies developed on asian peoples (27).

In the alaskan eskimo patients diagnosed with 
spondyloarthritis, the presence of Hla-B*27 was 
more significantly associated with as, than with re-

active arthritis or with other undifferentiated forms 
of spondyloarthritis (28).

among Indian patients with spondyloarthritis 
tested for Hla-B*27, 43.63% were positive, the 
vast majority of which were males, resembling re-
sults from other countries (29).

HLA-B*27 and the intestinal microbiom

a person hosts 10 bacterial, viral or fungal ge-
nomes for each of his cells. This is what Joshua led-
erberg stated and started this way the theory that hu-
man microbiom has a substantial contribution in the 
homeostasis of the body. The intestinal microbiota is 
dynamically linked to the human immune system. 
as a result, any change which occurs within the 
structure of the components of the immune systems 

TABLE 1. HLA-B*27 frequency in the worldwide general population and in AS patients

Country
HLA-B*27 positive (%)
(general population)

HLA-B*27 positive (%)
(AS patients)

Reference

Eskimo (Alaska) 40 Mathieuet al. (2009) (7)
Norway 15.9 93 Popa O. et al. (2010) (30)
Bulgaria 10.8 88 Popa O. et al. (2010) (30)
Finland 10.4 93 Popa O. et al. (2010) (30)
Romania 5.7-10.4 72.1 Popa O. et al. (2010) (30, 31)
Russia 10.4 Sartakova et al. (2000) (32)
United Kingdom 9.5 90.2-94 Brown et al. (1996) (33),

Freeston et al. (2007) (34)
Spain 9.3 84.14 Ferna´ndez-Sueiro et al. (2004) (35)

Collantes et al. (2007) (36)
New 
Zealand

Caucasians 9.2 Roberts et al. (2013) (37)
Maori 6.5 92.85

Indonesia 9 40 Nasution et al. (1993) (38)
Mathieu et al. (2009) (7)

Turkey 6.8 70 Gunal et al. (2008) (39)
UAE 6.4 56 Ziade (2017) (40)
United States of America 6.1 Reveille et al. (2013) (41)
Greece 6 80.5 Alamanos et al. (2004) (42)
Italy continental 5 68-76 Ferri et al. (1982) (43)

Sardinia 3.5 70 Paladini et al.(2005) (44, 31)
Algeria 4 69 Ziade et al.(2017) (40)
Iran 3.95 66.67-73.4 Ziade et al. (2017) (40)
China 3.6-5.7 90.6-93.6 Zeng et al. (2008) (45)
India 3.5 76 Mishra et al. (2010) (46)

Mathieu et al. (2009) (7)
Tunisia 3.2 62 Sakly et al.(2009) (47)

Kchir et al. (2010) (48)
Israel 3 79 Ziade et al.(2017) (40)
Jordan/Qatar 2.4 72.22-75 Ziade et al.(2017) (40)
Iraq 2.1 84 Ziade et al.(2017) (40)
Sri Lanka 1.5 22.8 Alba Grifoni et al. (2017) (31)

Kidnapillai et al. (2016) (49)
Syria 1.4 60 Ziade et al.(2017) (40)

AS=ankylosing spondylitis, UAE=United Arab Emirates



59Romanian JouRnal of Rheumatology – Volume XXViii, no. 2, 2019

reflects onto the characteristics of the intestinal flo-
ra. such changes have been studied especially in re-
lation to Hla genes polymorphisms (50).

studies carried out on transgenic rats have proved 
that the rats in which the human Hla-B*27 gene 
was introduced, developed a diferent microbiota 
compared to the control rats. Moreover, the contact 
with several bacteria resulted in the occurrence of 
intestinal or joint diseases among the rats, as op-
posed to the rats which were provided with a germ-
free atmosphere (51). 

recent studies focused on the link between the 
spondyloarthritis, the human microbiome and the 
way it is influenced by several polymorphisms of the 
Hla-B*27 gene. It has been discovered that the pa-
tients with as have a more permeable intestinal wall 
than other patients, as well as an altered microbiota. 
However, a simple sample of stool contains approx-
imately 1000 bacterial species, which makes it ex-
tremely difficult to quantify the exact influence of 
Hla-B27 polymorphisms over each bacteria, or 
their role regarding the pathogenesis of a disease 
(50).

a very recent study shows that in as patients the 
changes in the intestinal microbiome composition is 
influenced by Hla-B*27 genotype which support 
the hypothesis that Hla alleles can increase the risk 
of the disease through interaction with the intestinal 
flora (52).

The most important clinical aspects of these stud-
ies are the possibility of restoring the intestinal ho-
meostasis using antibiotics, probiotics and prebiot-
ics, as well as a balanced diet or a faecal microbiota 
transplant (successfully used in very difficult cases 
of ulcerative colitis and recurrent Clostridium infec-
tions) (51).

HLA-B*27 and protection over viral infections

although the presence of HLA-B*27 allele repre-
sents a predisposing factor for the development of a 
series of diseases, it also has a protective role espe-
cially against viral infections.

Cytotoxic lymphocytes together with some other 
different mechanisms that have specific roles in the 
immune response are able to recognise HIV-1 strain, 
depending on the molecules encoded by the major 
histocompatibility complex (MHC). The genomic 
region that corresponds to the MHC is characterised 
by a very important polymorphism. several studies 
that included Hla-B*27 positive patients deter-

mined the association between the presence of 
HLA-B*27 allele and the protection against HIV-1 
strain infection (53).

The T cytotoxic lymphocytes are activated by the 
antigen presented by the Hla molecules. These 
cells play a crucial role in the replication process of 
HIV. The p24 protein is a viral antigen which is not 
affected by potential mutations. Hla-B*27 positive 
patients are able to develop a powerful response 
against this very stable antigen. The p24 antigen will 
remain an unchanged target for the immune system, 
even though the HIV strain will encounter mutations 
over time. as a result, the immune system keeps the 
viral replication under control. The HLA-B*27 allele 
was identified in patients who have not experienced 
illness signs for more than 10 years. They have a low 
viral load, their number of CD4+ lymphocytes re-
duces at a slow pace, and the progression to aIDs is 
considerably slower as well (54,55).

In case of HIV infection transmitted vertically, 
from mother to child (before, during or after birth by 
breast-feeding), the presence of protective Hla al-
leles in mother influences disease progression in 
child. The viral load in the mother’s blood represents 
a very important factor for the vertical transmission 
of the virus. High viral loads can only be possible in 
Hla-B*27 negative patients. Moreover, it is known 
that the baby inherits more than 50% of the mother’s 
HLA genes. as a result, a baby infected by the high 
viral load present in his Hla-B*27 negative mother, 
can have no protective allele as well. On the other 
hand, the child of a Hla-B*27 positive woman will 
have chances to inherit the protective allele. It was 
determined that slow disease progression was more 
pronounced when the children carried non-shared 
protective HLA-B alleles (55).

Moreover, many studies have shown that the 
presence of HLA-B*27 allele is associated with a fa-
vourable evolution concerning other viral infections 
as well. The influenza virus, the herpes simplex vi-
rus, epstein-Barr virus and the hepatitis C virus 
(HCV) are some of the pathogens which cause a less 
serious form of illness in Hla-B*27 positive pa-
tients (56). 

In the acute infections with genotype 1 HCV, the 
presence of Hla-B*27 was associated with high 
rates of spontaneous reduction in the viral load, and 
sometimes it even becomes undetectable. However, 
the studies undertaken until now couldn’t establish 
the association between HLA-B*27 gene and the 
protection against the infection with the genotype 3 
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HCV. The significantly higher frequency of the 
HLA-B*27 allele in patients who are infected with 
the subtype a of the genotype 3 HCV over those in-
fected with the type 1 HCV stands as an additional 
proof for the result of the studies (54, 57).

a set of studies analysed the way in which the 
presence of Hla-B*27 influences the risk of mor-
tality, and they concluded that the presence of this 
allele increases it only in those patients who have 

already been diagnosed with one of the diseases as-
sociated with Hla-B*27. In many cases, the associ-
ated comorbidities had an important impact over the 
outcome of the studies as well. It is very important to 
be aware that even though HLA-B*27 allele is pres-
ent in 85% of the patients diagnosed with ankylosing 
spondylitis, only about 5% of the Hla-B*27 posi-
tive general population is ever diagnosed with anky-
losing spondylitis (16, 58).
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