
1128 The Journal of Rheumatology 2006; 33:6

Quantitative Measurement of HLA-B27 mRNA in
Patients with Ankylosing Spondylitis — Correlation
with Clinical Activity
SU-QIN LIU, HUI-CHUN YU, YONG-ZHANG GONG, and NING-SHENG LAI

ABSTRACT. Objective. To determine quantitative expression of HLA-B27 in patients with ankylosing spondylitis
(AS) and the relationship to clinical disease activity.
Methods. Quantitative reverse transcription-polymerase chain reaction (RT-PCR) was performed using
specific primers to amplify the post-splicing mRNA of HLA-B27 gene in patients with AS (N = 15),
B27+ healthy controls (N = 20), and B27+ unaffected family members (N = 30). Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) scores and expression of B27 mRNA were determined
simultaneously. Serial measurements of B27 mRNA in one AS patient within a 9-month period were
analyzed to determine the relationship between BASDAI scores and clinical therapy. For further vali-
dation of the significance of increased HLA-B27 mRNA expression in AS patients, extended experi-
ments were conducted in another 10 patients with definite AS possessing HLA-B27/B60 (B*40012).
Quantitative expression of HLA-B27 and B60 mRNA were determined simultaneously by RT-PCR.
Results. Expressions of HLA-B27 mRNA in HLA-B27+ AS patients were significantly higher com-
pared to unaffected B27+ family members and B27+ controls. mRNA for HLA-B27 was observed to
be present in higher amounts than for other HLA class I alleles. It was also noted that the BASDAI data
were correlated with HLA-B27 mRNA estimated as 2∆∆CT in patients with definite AS. From a longi-
tudinal case analysis, data on quantitative measurement of HLA-B27 mRNA was shown to be valuable
for patient’s management.
Conclusion. The expression of mRNA of HLA-B27 determined with quantitative RT-PCR correlated
with clinical disease activity in patients with AS. (J Rheumatol 2006;33:1128–32)
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Ankylosing spondylitis (AS) is a chronic systemic inflamma-
tory disorder that mainly affects the axial bone. Typically,
presentation is with low back pain of insidious onset, with a
prominent pain at rest, especially in the morning after waking.
The major human histocompatibility antigen HLA-B27 is
strongly associated with this inflammatory disease1,2. Direct
involvement of HLA-B27 in pathogenesis was strongly sug-
gested in data from HLA-B27+ transgenic rats3. The expres-
sion of HLA-B27 is therefore thought to play a critical role in
the development of AS. Methods for the detection of B27
include the microlymphocytotoxicity test, flow cytometry4,5,
and immunomagnetic separation with an enzyme-linked

immunosorbent assay (IMS-ELISA)6. The flow cytometric
B27 assay is a convenient screening test. It failed to demon-
strate correlations between the quantitative expression of B27
and clinical features, such as age, disease duration, Schober
test results, chest expansion, white blood cell count, erythro-
cyte sedimentation rate, and C-reactive protein7. In our study,
a real-time quantitative reverse transcription-polymerase
chain reaction (RT-PCR) platform was established using spe-
cially designed primers for amplification of post-splicing
HLA-B27 mRNA. We investigated the relationship between
expression of B27 mRNA and clinical disease activities of
patients with AS.

MATERIALS AND METHODS
Total blood cells were obtained from patients with definite AS (N = 15), unaf-
fected HLA-B27+ family members (N = 30), and healthy HLA-B27+ controls
(N = 20). All patients fulfilled the modified New York diagnostic criteria8.
Unaffected family members, by definition, showed no involvement of sacroil-
iac joints. Some individuals within this group had clinical manifestations of
limitations of motion of the lumbar spine, low back pain, or limitation of chest
expansion, however. HLA-B27+ controls were recruited from persons
appearing for annual physical examinations. They had no clinical symptoms
or radiographic abnormalities. Mononuclear cells were harvested with Ficoll-
Hypaque and were adjusted to 2 × 107/ml. Total RNA was extracted with an
RNA isolation kit (QIAamp RNA blood mini-kit) according to the instruc-
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tions provided. For further validation of the significance of B27 gene expres-
sion in AS patients, 10 patients found to have B27+/HLA-B60 (B*40012)
were selected for evaluation of B27 mRNA relevant to other HLA class I alle-
les. Quantitative expression of post-splicing mRNA of HLA-B27 and HLA-
B*40012 was determined simultaneously.

Quantitative real-time measurement of post-splicing HLA-B27 mRNA and
HLA-B60 (B*40012) mRNA. RT-PCR was carried out using the ABI sequence
detection system (ABI 5700) for measurement of binding of SYBR Green I
fluorescence dye to double-stranded DNA. The PCR reaction was set up in a
microcapillary tube in a total volume of 25 µl. Twenty nanograms of mRNA
was mixed with 2× Quantitect SYBR Green RT-PCR master mix 12.5 µl
(Qiagen QuantiTect SYBR Green RT-PCR; Qiagen GmbH, Hilden, Germany)
and 1 µM of primers. The reactions were at reverse transcription at 50°C for
30 min, initial activation at 95°C for 15 min, then incubation at 94°C for 15 s
to activate the polymerase, followed by 45 cycles of denaturation at 94°C for
15 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s. From pub-
lished data for HLA-B27 gene sequences9, there are 4 exons in the gene struc-
ture, i.e., sequence 58–130 of exon 1, 259–528 of exon 2, 773–1048 of exon
3, and 1624–1899 of exon 4. To specifically amplify the post-splicing HLA-
B27 mRNA with minimal DNA contamination, the sequences across the tail
of exon 1 and the beginning of exon 2, but not that of the original DNA
nucleotide sequence, were selected to form distinct primers. Thus, the primer
sequences were with sense: 5’-CCT GGG CTG (sequence 122–130 in exon
1) GCT CCC ACT C (sequence 259–268 in exon 2)-3’ and with antisense: 5’-
CAC GTA GCC CAC GGT GAT G-3’ (sequence 323–341 in exon 2) with a
product size of 90 bp. It was therefore unique to measure the post-splicing
HLA-B27 mRNA. The primer sets of the internal control of the G6PDH gene
were sense: 5’-GAA CAT CAT CCC TGC ATC CA-3’ and antisense: 5’-CCA
GTG AGC TTC CCG TTC A-3’ with a product size of 73 bp. The primer
sequences for HLA-B*40012 mRNA were sense: 5’-CAT GAG GTA TTT
CCA CAC CGC CA-3’ (sequence 11–33 in exon 2) and antisense: 5’-TCG
CTG TCG AAC CTC ACG AAC-3’ (sequence 95–115 in exon 2)10.

Relative quantification method. Before using the ∆∆CT method for quantifi-
cation, we performed a validation experiment to confirm that the amplifica-
tion efficiencies of the target HLA-B27 gene and the internal control G6PDH
gene were approximately equal (data not shown). With this confirmed, we
used the ∆∆CT calculation for relative quantification of the target without run-
ning standard curves on the same plate. The mean CT value (the threshold
cycle) of the replicate wells were run for each sample. The difference (∆CT)
represents the difference between mean CT values of the samples for target
wells (HLA-B27) and those of the endogenous control wells (G6PDH). The
expression ∆∆CT denotes the difference between the ∆CT values of the sam-
ples for each target and the mean CT value of the calibrator for that target.
Therefore, the amount of target, normalized to an endogenous reference and
relative to a calibrator, is expressed as 2–∆∆CT, as described11. It does not stand
for an absolute copy number of the gene, but a unit for quantitative compari-
son with an internal control of selected housekeeper genes. Thus, a doubling
of value equates to a doubling of mRNA transcripts in the respective subject.
This rather abstract terminology may be somewhat difficult for the clinician
to understand, but it is indeed a useful standard in RT-PCR when absolute
copies are not available.

AS disease activity. Disease activity was determined using scores from the
Bath AS Disease Activity Index (BASDAI), measured with a 10 cm visual
analog scale. A disease severity score is determined on a scale from 0 (no dis-
ease activity) to 10 (very severe disease) in each of following categories:
fatigue, spine pain, pain and/or swelling of peripheral joints, localized ten-
derness, and severity and duration of morning stiffness.

Statistics. ANOVA and t tests were used for comparisons between patients
and controls. A value of p < 0.05 was assumed to be statistically significant.

RESULTS
Higher expression of HLA-B27 mRNA in patients with definite
AS. The post-splicing mRNA of B27 was expressed as 2–∆∆CT.

According to arithmetic calculation, the value would be close
to 1 (i.e., 20 = 1) if expression of the target HLA-B27 gene
was approximately equal to the internal control G6PDH gene.
A variety of expressions (2–∆∆CT from 1.22 to 7.32, mean
3.64, N = 15) were found in patients with definite AS (Figure
1). Expressions of the B27 gene in AS patients were signifi-
cantly higher, compared to those of B27+ unaffected family
members (N = 30, mean = 1.86; p = 0.002) and B27+ controls
(N = 20, mean 1.57; p = 0.0006). There was also a significant
difference between the latter 2 groups (p = 0.014). In the
group of unaffected family members, some members had a
high level of B27 gene expression (2–∆∆CT as high as 3.45). It
was interesting that low back pain and enthesopathy soft tis-
sue pain were present in some of these family members. There
were no radiographic abnormalities of sacroiliitis and enthe-
sopathy changes, however. Whether these unaffected family
members may become candidates for early onset AS will
require further observations.

Higher expression of HLA-B27 mRNA compared with HLA-
B60 (B*40012) in AS patients. Ten patients diagnosed as hav-
ing definite AS with HLA-B27/B*40012 were selected, and
post-splicing mRNA of B27 and B*40012 was determined
simultaneously and expressed as 2–∆∆CT. The relative amounts
of mRNA between 2 different HLA-B loci (B27 and
B*40012) were expressed as a ratio of 2–∆∆CT (B27)/2–∆∆CT

(B60/B*40012) (Figure 2). Higher expression of HLA-B27
mRNA was observed in AS patients compared to HLA-
B*40012 (ratios of 64.0, 17.2, 16.8, 16.0, 8.9, 8.2, 6.4, 1.2,
1.2, and 1.0, respectively, in these patients). Although having

Figure 1. Quantitative expression of post-splicing B27 mRNA in patients
with AS, B27+ unaffected family members, and B27+ controls was deter-
mined by RT-PCR and expressed as 2–∆∆CT.
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high expression of HLA-B27 gene, the expression of HLA-
B*40012 mRNA in some patients was even lower than for the
G6PDH (∆∆CT > 0). The ratio of 64.0 in the current figure
means there were 64 times as many copy numbers of HLA-
B27 transcripts compared to HLA-B*40012.

Expression of HLA-B27 mRNA correlated with BASDAI in AS
patients. BASDAI is a useful index for clinical evaluation of
disease activity in AS patients. We observed that patients’
BASDAI scores correlated with mRNA expression of HLA-
B27, expressed as 2–∆∆CT (R2 = 0.9665; Figure 3). It was
therefore deduced that clinical manifestations of pain and
peripheral joint involvement in AS patients were related to
increased expression of HLA-B27.

Expression of HLA-B27 mRNA was useful in guiding clinical
interventions. Expression of post-splicing HLA-B27 mRNA
(2–∆∆CT) in one patient with AS was recorded monthly for a
period of 9 months (Figure 4). The patient received methyl-
prednisolone pulse therapy in November 2001 and March
2002, due to active clinical symptoms and with a 2–∆∆CT

value. Disease expression was successfully suppressed after
methylprednisolone pulse therapy, with a decrease of 2–∆∆CT

thereafter.

DISCUSSION
Ankylosing spondylitis is a human leukocyte antigen (HLA)-
associated disease. The association with HLA-B27 was first
reported in 197312. The odds ratio in excess of 100 associated
with AS remains the highest observed in this inflammatory
disorder. The greater expression of HLA-B27 molecules is a
further predisposing factor for the development of AS13.

Therefore, quantitative measurement of B27 molecules on the
cell surface was hypothesized to play an important role in the
pathogenesis of the disease.

In our study, the post-splicing mRNA of the HLA-B27
gene was determined quantitatively by one-step RT-PCR. The
primer sequences used for measurement of HLA-27 mRNA
were S: 5’-CCT GGG CTG (sequence 122–130 in exon 1)
GCT CCC ACT C (sequence 259–268 in exon 2); and A: 5’-
GTG CAT CGG GTG CCA CTA C-3’ (sequence 323–341 in
exon 2). The sequence 259–341 was totally identical for the
2701 to 2723 subtypes of HLA-B27. The sequence 122–130
was identical among the subtypes 2702, 2703, 2704, 2706,
2708, 2709, 2711, 2713, 2718, 2722, 2752, and 2754. This
covered the major DNA subtype of HLA-B27 in patients with
AS in Taiwan (i.e., 2704, which represents 94% in patients
with AS and 85% in B27-positive healthy subjects) and other
minor subtypes of 270514. Further, reference to nucleotide
data banks indicated the post-splicing transcripts being ampli-
fied were indeed those of HLA-B27 and nothing else.

It is important to define the heterozygosity or homozygos-
ity of B27 in study subjects more clearly because this could
have affected our results. Only one of our 65 subjects was a
B27/B27 homozygote (a healthy control with 2–∆∆CT = 1.22).
The majority of our subjects in all study groups (patients,
unaffected relatives, healthy controls) were compared based
on B27 heterozygosity.

The oligonucleotides for amplification of B*40012 in our
study were all within the exon 2 region, not like those of the
B27 primers designed specifically for post-splicing mRNA.
Although we used an RNA isolation kit (QIAamp RNA mini-
kit) to prevent possible DNA contamination, it would be pos-
sible to amplify the DNA present in the preparation.
Nevertheless, the signals for HLA-B*40012 in patients with
AS were still significantly lower than those for HLA-B27

Figure 2. Quantitative differences between HLA-B27 mRNA and HLA-B60
(B*40012) mRNA, expressed as 2–∆∆CT (B27)/2–∆∆CT (B60/B*40012), was
determined in patients with AS by RT-PCR and expressed as 2–∆∆CT.

Figure 3. Correlation between quantitative expression of HLA-B27 mRNA
and disease activity (BASDAI) in patients with AS. Amount of HLA-B27
mRNA was expressed as 2–∆∆CT.
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(Figure 2). As there are few differences in the sequences of
HLA-B*40012 and HLA-B27 in the region where the
oligonucleotides specific for HLA-B*40012 are located, it is
important to verify their specificity in amplification. Nine
patients who were identified as HLA-B27-positive/B*40012-
negative were selected, and there were no detectable signals in
any samples with B*40012-specific primers (data not shown).
We also tested the specificity of oligonucleotides for HLA-
B27 amplification. Another 12 patients identified as HLA-
B27-negative/B*40012-positive were selected, and no signals
were detected in any samples with B27-specific primers (data
not shown). It was therefore believed that the oligonucleotides
were specific for HLA-B27 mRNA and B*40012 PCR ampli-
fications, although they share a large scale of the same
sequences.

The expression of B27 mRNA in B27-positive patients
with AS in our study was significantly higher than in B27-pos-
itive unaffected family members and healthy controls.
Further, a relationship between B27 gene expression and
patients’ clinical disease activity was also found. Data com-
paring the fluorescence intensity of HLA-B27 with patients’
clinical characteristics7 have shown that the fluorescence
intensity of HLA-B27 was significantly higher in patients
with AS than in patients with other spondyloarthropathies.
However, there were no significant correlations between clin-
ical features and quantitative expressions of B27 by flow
cytometer7. Similar data13 were reported using molecules of
an equivalent soluble fluorochrome, in which HLA-B27
expression did not correlate with indexes of disease activity
(the BASDAI and the Bath AS Functional Index). Data dif-
ferences between our study and previous reports7,13 might
arise from limitations of the respective methods used. In a
flow cytometry measurement, significant variation in intensi-
ty with B27 antibody15, the choice of antibody16, an endo-
plasmic reticulum stress response or aberrant heavy-chain
folding and disulfide bond formation17, and the time lag in
protein translation and surface expression are all limitations.
Studies on transgenic rats expressing HLA-B27 and human

ß2-microglobulin reported that most of the B27-positive, ß2-
microglobulin–/– mice developed ankylosis18. The ß2-
microglobulin-free HLA-B27 homodimers in one study were
reactive with HC10 antibody16. Indeed, a high level of surface
expression of heavy chains (by HC10 antibody) in monocytes
of patients with AS was found19. Current data suggest that
aberrant assembly, transport, and expression of HLA-B27
molecules may dispose an individual to development of dis-
ease. Ideally, quantification of mRNA combined with various
antibodies may reveal clues to disease pathogenesis.

In our study, the measurements of HLA-B27 post-splicing
mRNA were both quick and reliable. With the establishment
of such a platform for analysis of HLA-B27 gene expression
in patients with AS, research into genetic loads and their com-
plex interactions in disease pathogenesis, the immune regula-
tion of cytokines, and the influence of other candidate genes
will be facilitated.
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