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Abstract
Background: Temporomandibular joint (TMJ) arthritis is seen very often (38–87 %) in children with juvenile
idiopathic arthritis (JIA). With contrast enhanced magnetic resonance imaging (MRI) we can detect more cases of
TMJ arthritis than ever before. Previous studies show that HLA II class alleles may have protective or risk importance
in JIA subtypes. Our objective is to identify HLA II class alleles of risk and protection in JIA patients with TMJ arthritis.
Methods: During the period from 2010 to 2015 MRI for TMJ was performed in 85 JIA patients who were genotyped
for HLA- DRB1; DQB1 and DQA1 using RT-PCR with sequence-specific primers. As a control group, data of 100
individuals were taken from the genetic bank of RSU Joint Laboratory of Clinical Immunology and Immunogenetics.
Associations of DRB1; DQB1; DQA1 alleles in patients were examined individually using the χ2 test. P-value (<0.05) and
odds ratio were calculated using EPI INFO 6.0 software.
Results: Out of 85 JIA patients with mean age of 13.7 ± 3.0 years (range 6.9–17.9 years), 59 (69 %) were girls and 26
(31 %) were boys. The mean duration of the disease was 3.07 ± 2.35 years (range 0.2–11.0 year). JIA subtypes were as
follows: seronegative polyarthritis 51 (60 %), seropositive polyarthritis 6(7 %), oligoarthritis extended 7(8 %), oligoarthritis
persistent 2 (2 %) arthritis with enthesitis 14 (17 %), undifferentiated 3 (4 %) and 2 (2 %) systemic arthritis. Two groups
where separated after TMJ MRI exam: first with at least two signs of active inflammation and/or any structural damage
(n = 62); second with no pathologic signs or with slight contrast enhancement (n = 23). We discovered that there are
risk alleles that are found in all JIA patient’s groups (MRI positive and negative groups) versus controls such as
DRB1*07:01, DQB1*03:03; DQB1*05:01. Also some protective alleles as DRB1*18:01, DQB1*06:02–8 were found in overall
JIA group. Alleles DRB1*12:01, DQB1*03:01; DQA1*05:01 were found to be protective for TMJ arthrits.
Conclusion: In our study there were no convincing risk alleles, but there are alleles that probably are protective for
TMJ arthritis like DRB1*12:01, DQB1*03:01; DQA1*05:01.
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Background
Juvenile idiopathic arthritis (JIA) is the most common
autoimmune childhood disease with a main clinical
sign - chronic arthritis. Arthritis in JIA can affect any
joint but the temporomandibular joint (TMJ) is particularly
susceptible to damage. TMJ involvement is seen very often
(38–87 %) and can lead to compromised craniomandibular
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function, dentofacial aestethics and morphology as micrognathia, retrognathia, pathologic occlusion and reduced
mouth opening [1–4]. Contrast enhanced magnetic resonance imaging (MRI) as a golden standard for TMJ arthritis
diagnostics has changed perception about the prevalence of
the TMJ arthritis in JIA patients. There is data that it can
be asymptomatic even in 71 % if evaluated with MRI [5, 6];
therefore it is very important to find different risk factors to
identify JIA patients who need early and regular evaluation
of the TMJ with MRI.
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It is known that TMJ arthritis can present with such
clinical symptoms as pain during the jaw movement,
difficulties with chewing solid food, asymmetry with
maximal mouth opening, crepitation, clicking and
other; however these symptoms have high specificity
but low sensitivity [1, 7]. Patients very often do not
complain about TMJ problems or do not connect
these complaints to JIA. Even with careful rheumatologic and orthodontic evaluation many cases of TMJ
arthritis can be missed [6]. On the other hand, using
only clinical symptoms it is possible to overdiagnose
TMJ arthritis [8].
To find those JIA patients who need early and regular
TMJ evaluation by MRI, we have to take into account
not only subjective complaints and symptoms but also
the type and course of the disease, it’s activity and
laboratory measurements. Several risk factors for TMJ
arthritis have been described such as polyarticular
course of the disease, arthritis in upper extremities,
younger age and higher ESR at the beginning of the disease, but HLA-B27 in previous studies was thought to
be protective [1]. Other studies show that TMJ arthritis
prevalence in different JIA groups is not significantly different. It is known that there are cases when TMJ arthritis can develop with no other joint involvement and no
obvious laboratory or clinical risk factors can be found
in these cases [3].
It is known that the course of disease, including the
involvement of certain joints in case of JIA, can have
genetic predisposition. HLA Class I and Class II genes
are described as genetic risk factors for JIA along with
PTPN22 gene and IL2RA/CD 25 gene. The combination
of both general autoimmune genes and JIA-specific
genes contributes to the different disease phenotypes [9].
There are reports that different HLA II class alleles are
with protective or risk importance in JIA subtypes. JIA is
very heterogeneous group of diseases and beside 7 subtypes of JIA, there are still significant variations, especially
within the polyarticular disease. HLA typing data may
provide further information for JIA subtypes and in the
future it could be used as a diagnostic criterion [10]. We
speculate that TMJ arthritis could be more characteristic
for patients with definite HLA II class alleles.
As stated previously, it is very important to use different
risk factors starting from gender, age, disease type, laboratory parameters, clinical subjective and objective signs and
also genetic factors to detect JIA patients who need early
and regular TMJ evaluation with MRI. It can change
therapeutic tactics - local (intraarticular steroids) or
systemic (addition or change of biological medication), that can prevent further damage of TMJ. The
aim of our study was to identify possible HLA II class
alleles of risk and protection in JIA patients with TMJ
involvement.
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Methods
We performed the retrospective study with 85 JIA patients treated at Children’s University hospital who had a
MRI exam for TMJ during the period from 2010 to
2015. All of the patients were diagnosed with different
JIA types using the International League of Associations
for Rheumatology (ILAR) criteria. Almost all of them
had a polyarticular disease course according to the
American College of Rheumatology (ACR) JIA treatment
groups. Approval from Central Medical Ethics Committee
of Latvia was obtained and patients’ parents and patients
had signed the written consent form for participating in
the study.
Most of the patients were evaluated with MRI because
of subjective complains and/or objective findings from
TMJ. 11 patients were without subjective complaints
and/or objective signs of TMJ arthritis. TMJ MRI with
contrast enhancement was done with standard T1, T2
FS (fat saturation) in coronar plane; T1, T2 sagitally;
after contrast enhancement (0, 2 mmol/kg) T1 sagitally
and T1 axially (8–10 min after injection).
Depending on MRI findings, patients were divided into
two groups: the first group had active signs of synovitis
[contrast enhancement (excluding light and symmetric
contrast enhancement), effusion or pannus, bone
oedema] and/or joint structure damage as flattening of
the mandibular head, flattening of the fossa, osteophytes
and erosions. The second group did not have any active
or chronic damage findings of the TMJ arthritis or had
light and symmetric contrast enhancement that can be
considered as a normal finding [11]. Characteristics of
these two groups where analysed using STATA program.
Pearson’s correlation coefficient and Fisher’s exact test
where used (P < 0,05). In order to obtain 80 % power of
the study and to detect protective OR 0.2 with p < 0.05,
assuming prevalence among controls 70 % and cases
30 % it was calculated that at least 36 cases and 18 controls (if Case-control ratio is 0.5) had to be included.
The immunogenetic part of the study was done at Riga
Stradiņš University (RSU) Joint Laboratory of Clinical
Immunology and Immunogenetics (JLCII). As a control
group, samples of 100 healthy individuals from the JLCII
genetic bank were utilized. The DNA was extracted from
peripheral blood, by using QiagenQIAamp DNA kit
reagents as per the manufacturer’s protocol [12]. The
quality and quantity of DNA was checked by using
Qubit ® fluorometer (Invitrogen USA). HLA typing tests
and group data of healthy donors HLA genotyping was
done using mutliprimer realtime polymerase chain reaction (RT-PCR) method. Patients and controls were fully
genotyped for HLA- DRB1* 01:01 to 18:01 specificity,
DQA1*01:01, 01:02, 01:03, 04:01, 06:01, and for
DQB1*02:01-02:02, *03:01-03:05, *04:01-04:02, *05:0105:04, and *06:01- 06:08 using Real-time PCR, qualitative
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analysis, melting curve analysis that is manufactured in
Russia, “DNA-Technology”. Amplification was done
using Real-Time PCR Thermal Cycler”DT-Lite” with
four channels and 48 wells. (DNA-Technology, Russia).
The reaction mixture was subjected to 35 amplification
cycles, each consisting of denaturation at 94 °C (60 s),
followed by one cycle, annealing at 94 °C (20 s), 67 °C (2 s)
followed by seven cycles and extension at 93 °C (5 s), 65 °C
(4 s), with a final extension instep with 35 cycles [13].
Associations of DRB1, DQB1 and DQA1 alleles among
patient group were examined individually using the χ2
test (P-value <0,05). Odds ratios (OR) were calculated
using EPI INFO software version 6 with 95 % confidence
intervals and Fisher correction for small numbers [14].
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Results and discussion
Results

There were 85 JIA patients with mean age of 13.7 (±3.0)
years (range 6.9–17.9 years); 59 (69.4 %) girls and 26
(30.6 %) boys. The median duration of the disease before
the MRI exam was 3.1(IQR 0.2–11) years. JIA subtypes
were as follows: seronegative polyarthritis 51 (60 %),
seropositive polyarthritis 6 (7 %), oligoarthritis extended
7 (8 %), oligoarthritis persistent 2 (2 %) arthritis with
enthesitis 14 (17 %), undifferentiated 3 (4 %) and 2 (2 %)
systemic arthritis patients.
After the MRI exam, we divided JIA patients into two
groups – one group with TMJ arthritis findings (MRI
positive group) and the other without (MRI negative

Table 1 Characteristics of JIA patients with and without TMJ arthritis confirmed by MRI
Characteristics

With TMJ arthritis (n = 62)

Without TMJ arthritis (n = 23)

Total JIA (n = 85)

Female n (%)

47(75.8)

12(52.2)

59(69.4)

Male n (%)

15(24.2)

11(47.8)

26(30.6)

12.3 (±3.6)

13.7 (±3.0)

3(0.6–6)

3.1(0.2–11)

2.2(0–7)

1.9(0–10)

7.7(0–20)

7.8(0–22)

6(2–20)

10.9(2–120)

0.4(0–1.83)

5.6(0–180)

14(23.3)

22(27.2)

0(0)

6(7.1)

3(13.0)

18(21.2)

Demographics
Gender:

P value

0.04

Mean age at the time of MRI Years (± SD)

14.2(±2.6)

P value

0.01

Disease characteristics
Disease duration in years

2.6(0,2–11)

Median (IQR)
P value

0.45

Years from the diagnosis

1.8(0–10)

Median (IQR)
P value

0.07

Active joint counta Median (IQR)

7.8(0–22)

P value

0.81

Laboratory characteristics
ESR

12.8(2120)

Median (IQR)
P value

0.07

CRO

7.6(0180)

Median (IQR)
P value

0.03

ANA positive n (%)

8(38.1)

P value

0.19

RF positive n (%)

6(9.8)

P value

0.12

HLA B27 positive

15(24.2)

n (%)
P value
a

0.25

Active joint count - joints with non-bony swelling or limitation of motion with either pain on motion or tenderness to palpation and also those where we have
detected signs of arthritis using ultrasound or MRI
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group). The demographics of these two groups can be
seen in the Table 1. There were statistically significant
more girls in the TMJ arthritis group (p = 0.04). Also
these patients were older - 14.2(±2.6) years (p = 0.01).
There were no statistically significant differences
between two groups in such parameters as disease
duration, years from the diagnosis, active joint count
and also laboratory parameters as ESR, ANA, RF and
HLA-B27 antigen. While it was not statistically significant, all seropositive patients were in the TMJ
arthritis positive group. Differences in CRP was statistically significant - higher CRP was in the TMJ arthritis group (p = 0.03).
Our results revealed that there are general JIA risk alleles in JIA patients’ groups versus controls such as
DRB1*07:01 that was found in the total JIA group and
MRI positive group. Risk alleles for JIA as DQB1*03:03;
DQB1*05:01 were detected in total JIA group and MRI
negative group. Also some protective alleles as
DRB1*18:01(in total JIA group and MRI positive group),
DQB1*06:02-8 (in total JIA group and MRI negative
group) were found.
Regarding TMJ arthritis alleles, DRB1*12:01, DQB1*03:01
and DQA1*05:01 appeared to be protective when
comparing MRI positive versus MRI negative groups.
We did not find any convincing risk alleles for TMJ
arthritis (See Table 2).

Discussion

In the study of United Kingdom children [15],
DRB1*07:01 was associated with a decreased risk for
persistent oligoarthritis, RF positive and negative polyarthritis and enthesitis related arthritis. Similar findings
are described in Mexicans [16]. Surprisingly, our results
show DRB1*07:01 as a risk allele in the total JIA patient
group compared to control group and also in those with
TMJ arthritis (patients with polyarticular disease course
and different JIA subtypes) (OR = 7,28. p < 0,000). In the
study of Hollenbach et al. [10], they have analysed 802
JIA patients with two most common JIA subtypes oligoarthritis (both persistent and extended) and RF
negative polyarthritis. They found several risk haplotypes
regardless of clinical subtype and age of onset, including
DRB1-DQA1-DQB1 haplotypes: DRB1*08:01-DQA1*04:01DQB1*04:02 and DRB1*11:03/4-DQA1*05:01-DQB1*03:01.
They also determined that protective haplotypes
DRB1*15:01-DQA1*01:02-DQB1*06:02 were protective.
In our study we also found DQB1*06:02-8 as a protective allele regardless of TMJ involvement. Similar results
are shown in a study of JIA patients in Colombian Mestizos, where allele DQB1*06:02 was found as protective
[17]. In our study allele DQB1*03:01 appears to have protective role for TMJ involvement, but in Hollenbach’s
study it was protective for early onset oligoarticularpersistent subtype. There are data in Hollenbach’s study

Table 2 Comparison of HLA alleles between TMJ arthritis positive and TMJ negative patient groups and control groups
Alleles of risk

OR (p)

Protective alleles

OR (p)

Total JIA group (n = 85) versus control (n = 100)

DRB1*07:01

7.28(0.000)

DRB*18:01

0.10(0.000)

TMJ arthritis positive group (n = 62) versus control (n = 100)

DRB1*13:01

1.88(0.031)

DRB1*18:01

0.13(0.001)

DRB1

DRB1*07:01

8.87(0.000)

TMJ arthritis negative group (n = 23) versus control (n = 100)

DRB1*11:01

2.97(0.002)

-

-

TMJ positive (n = 62) versus TMJ negative (n = 23) group

-

-

DRB*12:01

0.35(0.005)

DQB1
Total JIA group (n = 85) versus control (n = 100)

DQB1*03:03

2.03(0.052)

DQB1*06:01

0.20(0.024)

DQB1*05:01

2.10(0.011)

DQB1*0602–8

0.56(0.028)

TMJ arthritis positive group (n = 62) versus control (n = 100)

-

-

-

-

TMJ arthritis negative group (n = 23) versus control (n = 100)

DQB1*0301

2.42(0.011)

DQB1*0602–8

0.293(0.018)

DQB1*03:03

2.582(0.051)

DQB1*05:01

3.187(0.002)

-

-

DQB1*03:01

0.41(0.017)

TMJ positive (n = 62) versus TMJ negative (n = 23) group
DQA1
Total JIA group (n = 85) versus control (n = 100)

-

-

-

-

TMJ arthritis positive group (n = 62) versus control (n = 100)

-

-

-

-

TMJ arthritis negative group (n = 23) versus control (n = 100)

-

-

DQA1*02:01

0.163(0.046)

TMJ positive (n = 62) versus TMJ negative (n = 23) group

-

-

DQA1*05:01

0.33(0.009)

OR odds ratio, p < 0,05
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suggesting that the presence of two predisposing DRB1
alleles is associated with a significantly greater predisposition to disease than a single one. We are also planning to
analyse similar data in our study. As in our results,
DRB1*03 was found less frequent in JIA patients than in
control group in Hungarian patients [18].
A protective role of the alleles DRB1*12:01, DQB1*03:01;
DQA1*05:01 in the development of TMJ arthritis may be
associated with a less aggressive disease course (e.g.,these
patients had a lower CRP) and consequently less radiological damage. This trend has to be analysed in the future
by evaluating patients who have these alleles more carefully
and over long-term course regardless of TMJ involvement.
When analysing HLA II class alleles, we must take
into account the differences of nationality and different
genetic background since most of our patients are of
Latvian or Russian descent. Also there should be more
evaluation and discussion of the associations between
ILAR groups and TMJ involvement; in this study we divided the groups into MRI-confirmed and MRI-non
confirmed TMJ arthritis and could not take into account, how disease could change over time with TMJ developing in the future. Most of our patients were already
adolescents with mean disease duration of 3 years and it
might be that the disease course was already established.
We suspect that TMJ arthritis can be used as a prognostic feature for disease course. Identifying risk and
protective HLA II class haplotypes could help to predict
TMJ arthritis development in the future that in turn
could help to treat and prevent TMJ joint damage in
high risk patients. We will evaluate further other characteristics of the patients with TMJ involvement that could
help to detect JIA patients who need early and regular
evaluation with MRI. It would be important to analyse
HLA II class alleles in more homogeneous groups of JIA to
see if the same results about protective alleles are found.

Conclusions
In our study there were no convincing risk alleles, but
there are alleles with probable protective role for TMJ
arthritis such as DRB1*12:01, DQB1*03:01; DQA1*05:01.
Further analysis of different haplotypes may help us
detect HLA II class alleles that can be used in the early
detection of high risk for TMJ arthritis.
Abbreviations
ACR: American College of Rheumatology; ANA: antinuclear antibodies;
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; HLA: human
leukocyte antigens; ILAR: International League of Associations for
Rheumatology; IQR: interquartile range; JIA: juvenile idiopathic arthritis;
MRI: magnetic resonance imaging; PTPN22: protein tyrosine phosphatase,
non-receptor type 2; RF: rheumatoid factor; RSU: Riga Stradiņš University;
RT-PCR: real time polimerase chain reaction; SD: standard deviation;
TMJ: temporomandibular joint.
Competing interests
The authors declare that they have no competing interests.

Page 5 of 6

Authors’ contributions
ZD - the corresponding author, did conception and design of the study,
collected, analysed and interpreted the data. JE - did the genotyping,
analysed the data and performed the statistical analysis of HLA alleles and
revised the manuscript. AL - participated in the design of the study,
performed the statistical analysis and revised the manuscript. SDZparticipated in the collection of the data, especially MRI results, revised the
manuscript. RŠ – participated in the collection of data, have been involved in
revising the manuscript. DB - participated in the collection of data, have
been involved in revising the manuscript. VS - participated in its design and
coordination, revised the manuscript, have given final approval of the
version to be published. All authors read and approved the final manuscript.
Author details
1
Departement of Paediatrics, Riga Stradiņš University (RSU), Vienības gatve
45, LV 1004 Riga, Latvia. 2Riga Stradiņš University, Joint Laboratory of Clinical
Immunology and Immunogenetics, Rātsupītes 5, LV-1067 Riga, Latvia.
3
Children’s University hospital, Vienības gatve 45, LV 1004 Riga, Latvia.
Received: 5 October 2015 Accepted: 14 April 2016

References
1. Cannizzaro E, Schroeder S, Müller LM, Kellenberger CJ, Saurenmann RK.
Temporomandibular joint involvement in children with juvenile idiopathic
arthritis. J Rheumatol. 2011;38(3):510–5.
2. Küseler A, Pedersen TK, Herlin T, Gelineck J. Contrast enhanced magnetic
resonance imaging as a method to diagnose early inflammatory Changes in
the temporomandibular joint in children with juvenile chronic arthritis. J
Rheumatol. 1998;25(7):1406–14012.
3. Stoll ML, Sharpe T, Beukelman T, Good J, Young D, Cron RQ. Risk factors for
temporomandibular joint arthritis in children with juvenile idiopathic
arthritis. J Rheumatol. 2012;39(9):1880–7.
4. Fjeld M, Arvidsson L, Smith HJ, Flatø B, Ogaard B, Larheim T. Relationship
between disease course in the temporomandibular joints and mandibular
growth rotation in patients with juvenile idiopathic arthritis followed from
childhood to adulthood. Pediatr Rheumatol Online J. 2010;8:13. doi:10.1186/
1546-0096-8-13.
5. Weiss PF, Arabshahi B, Johnson A, Bilaniuk LT, Zarnow D, Cahill AM,
Feudtner C, Cron RQ. High prevalence of temporomandibular joint arthritis
at disease onset in children with juvenile idiopathic arthritis, as detected by
magnetic resonance imaging but not ultrasound. Arthritis Rheum. 2008;
58(4):1189–96.
6. Müller L, Kellenberger CJ, Cannizzaro E, Ettlin D, Shcraner T, Bolt IB,
Peltomaki T, Saurenmann RK. Early diagnosis of temporomandibular joint
involvement in juvenile idiopathic arthritis: a pilot study comparing clinical
examination and ultrasound to magnetic resonance imaging.
Rheumatology. 2009;48:680–5.
7. Twilt M, Mobers SM, Arends LR, ten Cate R, van Suijlekom-Smit L.
Temporomandibular involvement in juvenile idiopathic arthritis. J
Rheumatol. 2004;31(7):1418–22.
8. Koos B, Twilt M, Kyank U, Fischer-Brandies H, Gassling V, Tzaribachev N.
Reliability of clinical symptoms in diagnosing temporomandibular joint
arthritis in juvenile idiopathic arthritis. J Rheumatol. 2014;41(9):1871–7.
9. Phelan JD, Thompson SD, Glass DN. Susceptibility to JRA/JIA:
complementing general autoimmune and arthritis traits. Genes Immun.
2006;7(1):1–10.
10. Hollenbach JA, Thompson SD, Bugawan TL, Ryan M, Sudman M, Marion M,
Langefeld CD, Thomson G, Erlich HA, Glass DN. Juvenile idiopathic arthritis
and HLA class I and class II interactions and age-at-onset effects. Arthritis
Rheum. 2010;62(6):1781–91.
11. von Kalle T, Winkler P, Stuber T. Contrast-enhanced MRI of normal
temporomandibular joints in children- is there enhancement or not?
Rheumatology (Oxford). 2013;52(2):363–7.
12. QIAamp DNA Mini and Blood Mini Handbook – EN. Avalaible at: http://
www.qiagen.com/resources/resourced. Accessed 2 Mar 2014.
13. User manual HLA-DRB1,DQ alleles genotyping Kit. www.dna-technology.ru/
files/images/instructions.308.pdf
14. Harbage B, Dean AG. Distribution of Epi Info software: An evaluation using
the internet. Am J Preventive Medicine. 1999;16(4):314–7.

Dāvidsone et al. Pediatric Rheumatology (2016) 14:24

Page 6 of 6

15. Thomson W, Barrett JH, Donn R, Pepper L, Kennedy LJ, Ollier WER, Silman
AJS, British Paediatric Rheumatology Study Group, Woo P, and Southwood
T.. Juvenile idiopathic arthritis classified by the ILAR criteria: HLA associations
in UK patients. Rheumatology. 2002;41(10):1183–9.
16. Silva-Ramirez B, Cerda-Flores RM, Rubio-Pérez N, Vargas-Alarcón G,
Pérez-Hérnández N, Granados-Arriola J, Burgos-Vargas R. Association of
HLA DRB1 alleles with juvenile idiopathic arthritis in Mexicans. Clin Exp
Rheumatol. 2010;28(1):124–7.
17. Garavito G, Yunis EJ, Egea E, Ramirez LA, Malagón C, Iglesias A, De La
Cruz OF, Uribe O, Navarro E, Martinez P, Jaraquemada D. HLA-DRB1
alleles and HLA-DRB1 shared epitopes are markers for juvenile
rheumatoid arthritis subgroups in Colombian mestizos. Hum Immunol.
2004;65(4):359–65.
18. Pazár B, Gergely Jr P, Nagy ZB, Gombos T, Pozsonyi E, Rajczy K, Balogh Z,
Sevcic K, Orbán I, Szodoray P, Poór G. Role of HLA-DRB1 and PTPN22 genes
in susceptibility to juvenile idiopathic arthritis in Hungarian patients. Clin
Exp Rheumatol. 2008;26(6):1146–52.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

