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We describe 5 children with 22q11 deletion syndrome who
developed moderate to severe chronic polyarticular arthritis.
Monoallelic deletion at the DiGeorge region (DGR) chro-
mosomal site (22q11.1–11.3) is associated with a spectrum
of clinical disorders and variable phenotype1-6. This includes
variable features encompassing what have variously been
described as DiGeorge syndrome, velocardiofacial
syndrome (VCFS), and the conotruncal anomaly face
syndrome. The expanded syndrome is the commonest of the
chromosomal deletion disorders, occurring with an esti-
mated frequency of one in 2000 to 4000 births7,8. The clin-
ical manifestations include facial and pharyngeal
malformations, cardiac outflow tract abnormalities,
hypoparathyroidism, increased susceptibility to infection,
and a variable T cell immunodeficiency9,10.

Recently, 3 separate groups11-13 have reported the devel-
opment of an inflammatory arthritis similar to juvenile idio-

pathic arthritis (JIA) in a total of 8 patients with 22q11 dele-
tion. We report 5 new cases and review the clinical and
immunological profiles of all 13 patients now described
with 22q11 deletion and arthritis. We discuss potential
genetic factors that may predispose them to the development
of chronic arthritis. Of particular interest is the occurrence
of selective IgA deficiency in 4 of the 13 patients with
arthritis and the 22q11 deletion.

CASE REPORTS
Case 1. Patient 1 is an 18-year-old white female. She was a full term
delivery with birth weight 2500 g. Her facies were noted to be mildly
dysmorphic with hypertelorism and mild maxillary hypoplasia. At 24 h of
age she was noted to be jittery and hypocalcemic and a cardiac murmur was
noted. The hypocalcemia resolved rapidly and no further specific investi-
gations were performed. She remained well until 5 months of age when she
became cyanotic. Cardiac catheterization disclosed a complex outflow tract
defect with an overriding aortic arch and pulmonary artery stenosis. Over
the next 12 months she became progressively more cyanotic with recurrent
respiratory infections, and at l8 months of age a complex right-to-left
shunting procedure was performed. Postoperatively her oxygen saturation
improved but she had recurrent respiratory infections, associated with poor
growth. She had significantly delayed speech, and her speech was hyper-
nasal in quality. At 6 years, an abnormal palate, bifid uvula, and bilateral
middle ear disease were identified. A diagnosis of vocal dyspraxia and
velopharyngeal insufficiency was made and a pharyngoplasty was
performed.

At age 6, she developed intermittent swelling of the left knee lasting for
several weeks, which was attributed to recurrent trauma. Cyanosis related
to her cardiac disease became increasingly severe over the next 10 years
and total corrective surgery was undertaken when she was 17 years old. On
admission to the cardiothoracic unit prior to surgery she was complaining
of a painful and swollen left knee, and was referred to the pediatric rheuma-
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tology team. Examination disclosed a left knee effusion with a 25° flexion
deformity and marked muscle atrophy. She also had moderate synovitis of
the right knee, right elbow and multiple metacarpophalangeal, proximal
interphalangeal, and metatarsophalangeal (MTP) joints, which had previ-
ously been undetected, although somewhat symptomatic to the patient. Her
dysmorphic facies and hypernasal speech were also noted.

Abnormal laboratory tests included erythrocyte sedimentation rate
(ESR) 76 mm/h, C-reactive protein 3.9 mg/l, rheumatoid factor (RF) titer
1:1280, borderline phytohemagglutination stimulation test, and slightly low
CD3, CD4 and CD8 levels. Antinuclear antibody (ANA) was negative.
Fluorescent in situ hybridization (FISH) analysis was requested on the
basis of her history and current clinical findings and confirmed the suspi-
cions of deletion at the 22q11 locus. Other laboratory tests are summarized
in Table 1. Radiographs showed periarticular osteopenia of affected joints;
there was osteopenia of the cervical spine with fusion of the posterior
elements of C2 and C3.

Treatment included intraarticular steroids and serial casting of the left
knee, intravenous steroids and oral MTX, with significant improvement
both clinically and functionally.

Case 2. Patient 2 is a 13-year-old white female born at 36 weeks’ gestation
with a birth weight of 3200 g. No morphologic abnormalities were noted at
birth. Shortly after birth a cardiac murmur was noted and a ventricular
septal defect and a patent ductus arteriosus were discovered. Cardiac
surgery was performed at 6 weeks of age, complicated by postoperative
airway obstruction due to subglottic stenosis. She required a tracheostomy
until 3 years of age. Over the following years she had recurrent respiratory
infections with a poor growth pattern. Post-decannulation it was noted that
she had severely delayed speech and that her speech was hypernasal in
quality. There was also a history of occasional nasal regurgitation of food.
A diagnosis of velopharyngeal insufficiency as the cause of her abnormal
speech pattern was made. Mildly dysmorphic facial features were first
noted when she was 5 years of age. These included hypertelorism and a
small, triangular face.

At age 11 she developed persistent swelling of the knees with abnormal
gait. Her pediatrician made a diagnosis of JIA and she was given non-
steroidal antiinflammatory drugs (NSAID). Because of an incomplete
response she was referred to the pediatric rheumatology service at 12 years
of age. Examination revealed active inflammatory synovitis of many joints
including hips, knees, ankles, and small joints of hands and feet. ESR was

5 mm/h, ANA was positive, titer 1:80, RF negative. There was CD4+ T cell
lymphopenia and hypergammaglobulinemia. FISH analysis performed due
to the constellation of symptoms and signs revealed a monoallelic deletion
at the 22q11.2 locus. Radiographs disclosed moderate osteopenia with joint
space narrowing of multiple joints. Other results are shown in Table 1.

She was initially treated with hydroxychloroquine, with only partial
response. Treatment with oral MTX was commenced at 13 years of age,
with considerable, sustained improvement.

Case 3. Patient 3 is a 4-year-old white male born at term with birth weight
3990 g. At 5 days of age he became cyanotic, and cardiac catheterization
disclosed a ventricular septal defect and aortic insufficiency. Corrective
cardiac surgery was performed at 6 days of age. He had postoperative
hypocalcemia, which gradually improved over 48 h. At 2 years of age he
was noted to have delayed speech with a hypernasal speech pattern. A diag-
nosis of submucous cleft palate was made, and corrective palatal surgery
was performed. He was then noted to be dysmorphic, with a facies thought
to be characteristic of the velocardiofacial syndrome. The diagnosis was
established by FISH analysis, which confirmed 22q11.2 deletion.

At 3 years he developed pain and swelling of the small joints of the
hands, wrists, knees, and ankles over a period of 3 months. Clinical exam-
ination revealed pallor secondary to anemia, obvious synovitis of multiple
joints including fingers, wrists, elbows, neck, knees and ankles, with
marked restriction of movement.

Laboratory findings (Table 1) included hemoglobin 9.9 g/dl, normal
ESR and CRP. Serum immunoglobulins showed IgG of 15.8 g/l, IgM 0.3
g/l, and IgA 0.09 g/l. IgG subclasses and vaccine antibody titers were
normal. The CD4 count was 540 cells/µl.

A diagnosis of JIA was made and treatment commenced with intra-
venous methylprednisolone pulses and oral MTX. Intensive physiotherapy
was provided. Over the following 12 months he made considerable
improvement, with control of his inflammatory arthritis and improvement
in his functional abilities.

Case 4. Patient 4 is a 22-year-old white female. She was born by normal
vaginal delivery with birth weight 3420 g. A cardiac murmur was detected
at the routine postnatal examination. Echocardiography revealed a ventric-
ular septal defect and pulmonary stenosis for which corrective surgery was
eventually performed at 4 years of age.

She developed swollen knees at 18 months of age. Her pediatrician
made a diagnosis of JIA and she was initially treated with NSAID and later

Table 1. Clinical rheumatological and laboratory characteristics of 5 patients.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Sex F F M F F
Age at onset of arthritis, yrs 4 11 3 1.5 5
ILAR classification of arthritis Polyarticular Polyarticular Polyarticular Extended Polyarticular

RF + RF – RF – oligoarticular RF +
Systemic features No No No No No
Destructive joint changes Yes Yes No Yes Yes
ANA Neg Speckled 1:80 Speckled 1:80 1:80 Neg
Rheumatoid factor Pos 1:1280 Neg Neg Neg Neg
ESR at onset arthritis mm/h 76 5 4 12 9
IgA, g/l (n: 0.4–2) 2.69 1.36 0.09 < 0.2 1.26
IgM, g/l (n: 0.5–2) 1.11 32.07 0.3 1.90 0.52
IgG, g/l (n: 4.9–15) 14.1 17.7 15.88 20.1 14.49
CD3, cells/µl* 804 444 855 ND 395
CD4, cells/µl* 540 312 213 ND 484
CD8, cells/µl* 288 120 162 ND 21
PHA SI (n > 100) 94.7 501.4 81.3 ND Normal

* Normal ranges for T cell subsets age-dependent: values in bold indicate value below 5th centile for age.
ILAR: International League Against Rheumatism; PHA SI: phytohemaggluttinin stimulation index; ANA: anti-
nuclear antibody; ND: not done.
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Table 2. Summary of 13 children with 22q11 deletion syndrome and chronic arthritis.

Case Author Age of Subtype of Other Clinical ANA RF Partial IgA Other Immune
Onset/Sex Arthritis (ILAR) Features Deficiency Tests

1 Present series 5 F Polyarticular, RF+ VPI, CHD, – + – IgG 14.1*
(UK) deafness IgM 1.11

IgA 2.69
CD3 804**
CD4 540
CD8 288

PHA decreased
2 Present series 11 F Extended oligoarticular VPI, subglottic + – – IgG 17.7

(UK) stenosis, CHD IgM 32.07
osteopenia, IgA 1.36
short stature CD3 444

CD4 312
CD8 120

PHA: normal
3 Present series 3 M Polyarticular VPI, cleft palate, + – + IgG 15.88

(UK) CHD, hypocalcemia, IgM 0.3
developmental delay IgA 0.09

CD3 855
CD4 213
CD8 162

PHA decreased
4 Present series 1 F Extended oligoarticular VPI, + – + IgG 20.1

(UK) developmental delay, IgM 1.9
complex CHD IgA < 0.2

T cells and 
PHA: ND

5 Present series 5 F Extended oligoarticular CHD, renal – – – IgG 12.5
(UCLA) agenesis, IgM 0.65

thrombocytopenia IgA 1.16
CD3 395
CD4 484
CD8 21

PHA: ND
6 Rasmussen12 7 F Polyarticular, RF+ VPI, CHD, + + – IgG, A, M: normal

scoliosis, Arnold-Chiari T cells: normal
malformation

7 Rasmussen12 5 F Extended oligoarticular VPI, subglottic – – – IgG 23.82
stenosis, sleep IgM, IgA: N

apnea T cells: N
8 Sullivan11 5 F Polyarticular VPI, CHD, – – + IgG 15.8

auricular anomalies IgM 1.0
IgA < 0.06
CD3 884
CD4 665
CD8 150

PHA decreased
9 Sullivan11 1 M Extended oligoarticular Cleft palate, + – – IgG 10.7

CHD, recurrent IgM 1.37
infections IgA 1.37

CD3 1183
CD4 573
CD8 475

PHA decreased
10 Sullivan11 1 M Polyarticular CHD, osteoporosis, + – + IgG 25.77

kypho-scoliosis, IgM 10.5
recurrent infections IgA < 0.08

CD3 3523
CD4 1394
CD8 1802
PHA: N
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with oral corticosteroids. Other problems included moderate learning diffi-
culties with significant speech and language delay. The arthritis became
progressively more severe and subsequently extended to involve most of
her joints. She had raised acute phase reactants. IgA was extremely low (<
0.2 g/l), but precise IgA quantification was not performed and it was there-
fore not possible to determine whether she had a true or partial IgA defi-
ciency. Her ANA was weakly positive and RF was negative. Radiographs
showed destructive joint changes. Despite treatment early in the disease
with oral steroids and later with oral MTX with some partial improvement,
progressive disease led to several surgical interventions, including MTP
resection and soft tissue releases of the hip joints.

At the last examination there was ongoing active polyarticular synovitis
despite ongoing treatment with MTX, corticosteroids, and NSAID.

The underlying diagnosis of 22q11 deletion syndrome was only consid-
ered when she was seen at followup in the rheumatology clinic by one of
the authors (KJM) at age 21 years and was noted to have hypernasal speech.
The history was reviewed, and FISH analysis confirmed the suspicion of a
deletion at the 22q11.2 locus.
Case 5. Patient 5 is a 12-year-old Hispanic female born at term with birth
weight 2296 g. At birth she was jaundiced, hypocalcemic, tachypneic, and
cyanotic. Cardiac evaluation revealed a tetralogy of Fallot. At 3 months,
she had a Blalock-Taussig shunt inserted, which was revised at 22 months
of age. Corrective surgery was performed at 4.5 years. The postoperative
course was complicated by epistaxis and diffuse encephalitis.

At age 5 she was noted to have a fixed facial expression, contractures
of the fingers, a high pitched voice, muscle weakness, and difficulty ambu-
lating. Muscle enzymes, nerve conduction studies, and muscle biopsy
showed no evidence of myopathy.

At 10 years of age she was referred to the genetics team, who noted
mild learning difficulties, height and weight below the 5th percentile,
flexion deformities of her hands and knees, scoliosis, tapered extremities,
and overlapping toes. ESR was 9 mm/h and ANA and RF were both nega-
tive. FISH analysis revealed a microdeletion at the 22q11 locus. Other
results are summarized in Tables 1 and 2.

At 12 years of age she was referred to the rheumatology team, who
noted flexion deformities of the hands and knees, subluxation of the 2nd to
5th MTP joints, and bilateral hallux valgus. Radiographs showed multiple
flexion deformities and severe periarticular osteopenia. Treatment was
initiated with regular naproxen, oral MTX, and physiotherapy. There was
some clinical improvement, with less pain and improved mobility within 3
months.

DISCUSSION
Prior to referral to the pediatric rheumatology service only 2
of our patients (Cases 3 and 5) had been diagnosed as having

a 22q11.2 deletion, at 2 and 10 years of age, respectively. In
the remaining cases the diagnosis was neither suspected nor
established by FISH testing until many years after birth (18,
12, and 22 years of age for Cases 1, 2, 4, respectively). All
patients had congenital heart disease, abnormal facies, poor
growth, early onset of respiratory infections, and learning
problems, characteristic of other children with 22q11 dele-
tion syndromes. In all cases, the arthritis was polyarticular
and moderately severe, necessitating steroid and/or MTX
therapy. Patient 1 had a positive test for RF and Patients 2,
3, and 4 had positive test for ANA. Patients 3 and 4 had low
IgA, Patients 2, 3 and 5 had decreased T cells. Patient 3 had
reduced mitogen response to phytohemagglutinin (PHA).

Other clinical features in some patients included osteo-
porosis, deafness, learning difficulties, and hypocalcemia
(Table 3). In none of the 5 cases was there a family history
suggestive of 22q11 deletion syndrome in the parents. 

These 5 cases resemble the other 8 cases of inflammatory
arthritis reported in the 22q11 deletion syndrome (Table 3).
In all 13 cases there was either a polyarticular onset or a
rapid evolution to a polyarticular form, phenotypically iden-
tical to JIA. The onset was predominantly early (i.e., before
6 years of age in 11 of 13) and in 4 it was before the age of
2 years. In 9 patients the arthritis was considered severe,
necessitating treatment with steroids or MTX.

Six of the 13 patients had positive ANA, and 2 were RF
positive, one of whom was also positive for ANA. Four
patients had low IgA, 3 of whom were ANA positive. Six
patients had hypergammaglobulinemia (IgG > l5 g/l). One
or more abnormalities of T cell number or function could be
detected in 7 of the 13 patients including decreased PHA
proliferation (4 of 6 tested), low CD4 counts (4 of 9), and
elevated CD8 count in one patient.

There was no apparent relationship of these laboratory
abnormalities to the age of onset, initial pattern, or severity
of arthritis. Indeed, Patient 7 (Table 2), with no immunolog-
ical abnormalities, had severe destructive disease. All the
patients with IgA deficiency had recurrent respiratory infec-

Table 2. Continued.

Case Author Age of Subtype of Other Clinical ANA RF Partial IgA Other Immune
Onset/Sex Arthritis (ILAR) Features Deficiency Tests

11 Verloes13 4 F Extended oligoarticular VPI, GER, – – – Elevated IgG
myopathic facies IgA, IgM and

T cells: ND
12 Verloes13 3 M Polyarticular VPI, CHD, – – – Igs G, A, M: N

GER, osteopenia T cells: ND
13 Verloes13 1 F Polyarticular VPI, CHD, – – – Igs G, A, M: N

deafness T cells: N

* g/l; ** cells/µl.
Normal values: IgA 4–20 g/l; IgG 4.9–16.1 g/l; IgM 5–20 g/l; normal ranges for T cell subsets age-dependent: values in bold indicate value below 5th centile
for age.
VPI: velopharyngeal insufficiency; CHD: congenital heart disease; GER: gastroesophageal reflux; ND: not done; N: normal.
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tions, but this was also seen to some degree in the group
with normal IgA (data not shown). No patient had uveitis,
nor were there other family members with inflammatory
arthritis or related conditions.

Prior to l996, the association between inflammatory
arthritis and DiGeorge syndrome (DGS) or the velocardio-
facial syndrome (VCFS) was unrecognized, despite frequent
publication of the wide range of clinical manifestations of
these syndromes. However, with the recognition that some
forms of VCFS may have relatively subtle or late-presenting
manifestations and the increased availability of FISH
analysis, many more children with cardiac, pharyngeal, and
facial abnormalities are being recognized as having the
underlying 22q11.2 deletion. For these reasons we believe it
is likely that JIA-type inflammatory arthritis has gone
unrecognized in this syndrome until recently. Late referrals
to pediatric rheumatology units and lack of recognition of

joint inflammation are still commonplace, as was the case in
several of the patients we report.

Given the incidence of JIA of roughly 1:10,00014, and of
22q11.2 deletion 1:2000–4000, one would expect the 2
conditions to coexist very rarely indeed. Our report adds to
the previous reports11-13, in particular that of Sullivan, et al,
who reported JIA in 4 of 80 patients with VCFS11, and more
recently in 6 of a further 250 (K.E. Sullivan, personal
communication), and indicates a marked increase in
frequency of JIA in 22q11.2 deletion.

The association, although largely with a polyarticular
disease course, is not with one particular form of JIA but
includes both oligoarticular and polyarticular onset JIA and
patients with and without RF. This implies that the chromo-
some deletion may provide a permissive role in the devel-
opment of JIA generally, rather than encode for one
particular subtype.

Table 3. HLA haplotypes in 13 patients with 22q11 deletion syndrome and chronic arthritis.

Case ILAR A B C DRB1 DPB1 DQB1
Classification

of Arthritis

1 EO — — — 0101/1201 —
2 EO — — — 0101/0201 — —
3 P — — — 0401/1103 — —
4 EO — — — — — —
5 EO 2/2 18/35 — 1101/0802 — 0301/0402
6 P — — — — — —
7 EO — — — — — —
8 P 2/3 7/44 — 1103/1302 0301/0102 0301/0604
9 EO 2/28 51/70 5/7 0101/0801 0201/0201 0501/0402
10 P 1/2 8/38 7/7 1301/0101 0201/0301 0603/0603
11 EO 3/9 3/5 7/7 0101/1101 — 0201/0301
12 P 1/2 8/44 5/7 0401/1701 — 0601/0601
13 P 2/3 13/62 6/6 1301/1301 — —

ILAR: International League Against Rheumatism; EO: extended oligoarticular onset; P: polyarticular onset.
Values printed in bold type: haplotypes indicate a recognized association between this haplotype and JIA.

Table 4. IgA deficiency, 22q11 deletion, and arthritis.

All Patients Low IgA Normal IgA

Number of patients (%) 13 4 9
Mean age of onset of arthritis, yrs 3.9 (median 4) 2.5 (median 2) 4.6 (median 4)
Oligoarticular onset pattern 6/13 (46) 1/4 (25) 6/9 (67)

(first 6 mo of disease)
Polyarticular onset pattern 7/13 (54) 3/4 (75) 3/9 (33)

(first 6 mo of disease)
RF positive 2/13 (15) 0/4 (0) 2/9 (22)
ANA positive 6/12 (50)* 3/4 (75) 3/9 (33)
Elevated IgG 6/12 (50) 4/4 (100) 2/9 (22)

(> 1500 mg/ml)
Low CD4 cells 2/12 (16) 0/3* (0) 2/7 (29)

(< 500/µ)

* Results unavailable for Patient 4.
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At least partial HLA typing was available for 4 of our
patients and thus has been reported now in 10 of 13 overall
(Table 3). Insufficient data were available on Class I typing
or DP or DQ alleles for meaningful analysis. There are
numerous HLA associations with the different subtypes of
JIA and many of these are found in this population. All
patients had at least one risk allele and many had 2. This
included DRB1*0101 or *0401 in 7 cases (risk factors for
polyarticular course of disease), but also DRB1*0801/2 and
*1103 and *1301 in 6 cases, risk factors for oligoarticular or
more restricted disease.

To summarize, no single associated HLA allele was
found in these patients with VCFS and JIA. The distribution
of the alleles fitted generally with the different forms of JIA
that seem to be associated. This lends further support to the
contention that the inflammatory polyarthritis in this
syndrome is truly JIA and not simply arthritis as part of the
syndrome.

There is controversy regarding the precise definition of
IgA deficiency. In this study a widely accepted cutoff level

of 0.15 g/l was employed15. The occurrence of true IgA defi-
ciency in 3 patients and at least partial deficiency in a fourth
is of interest. Of the total group of 13, those 4 patients with
low IgA tended to be younger at presentation of arthritis
(Table 4), although the limited numbers in each group
preclude constructive statistical comparison. Three of 4
were ANA positive, none was RF positive. Due to limited
clinical information available on the previously reported
cases, it is not known whether patients with low IgA had an
altered disease severity, although overall they tended more
frequently to have polyarticular onset disease.

Sullivan, et al10 reported initially that 4 of their 32 VCFS
patients (12%) had selective IgA deficiency. In a further
study of 250 VCFS patients, 7 (2.8%) had selective IgA
deficiency (K.E. Sullivan, personal communication).
Children with JIA have an increased incidence of selective
IgA deficiency, usually 2 to 4%17,18. This is in contrast to the
incidence of IgA deficiency in the general population of
roughly 0.25%19-21. Although it is therefore not unexpected
that patients with 22q11 deletion and JIA may have IgA
deficiency, the frequency of 31% (4/13) is above that which
would be expected by chance. The IgA deficiency, the
pharyngeal and swallowing abnormalities, and the cardiac
problems all predispose these patients to recurrent infec-
tions. This may provide a potential mechanism for the
increased incidence of inflammatory arthritis in 22q11 dele-
tion syndrome. Various infectious agents have been impli-
cated in the development of reactive arthritis, and several
groups have speculated that persistence of an infectious
agent or some component antigen within the synovium may
lead to chronic inflammatory arthritis22-26. The low T cell
numbers in some patients and the decreased PHA prolifera-
tive responses may further predispose to chronic viral or
mycoplasma infections that may be subclinical. In general,
however, the B and T cell abnormalities in these patients
were much less severe than those observed in patients with
primary immunodeficiencies such as cross-linked agamma-
globulinemia, common variable immunodeficiency, and
immunodeficiency with hyper-IgM. Although associations
between the various humoral immunodeficiencies and
inflammatory arthritis have been well documented, arthritis
is still rare in these conditions. There was also no history of
infection immediately preceding the onset of arthritis in any
patient, although several reported a history of recurrent
infections.

A further possible explanation is that 22q11 deletion and
the associated IgA deficiency predispose patients to autoim-
mune diseases. IgA deficiency has been described in
numerous patients with autoimmune syndromes including
dermatomyositis, autoimmune hemolytic anemia, and
autoimmune endocrinopathies27-30. Similarly, patients with
22q11 deletion have been reported with autoimmune
hemolytic anemia, immune thrombocytopenia, and
thyroiditis31,32.

Table 5. Chromosomal abnormalities associated with inflammatory
arthritis.

Chromosomal Abnormality Details of Arthritis

2p terminal deletion 2 patients: one with polyarticular
flexion deformities, one with flexion
deformities of fingers47,48

Trisomy 5q, terminal 2p deletion Polyarthritis refractory to treatment,
anterior uveitis49

18p deletion 2 patients: “JIA-like”50

18q partial deletion 2 “JIA-like”51

18q deletion Ankylosis of knees52

Trisomy 21 Polyarthritis53,54

45, XO — Turner syndrome “JIA-like.” Polyarticular and oligo-
articular presentations. 20 patients
described to date55

Klinefelter syndrome (47, XXY) Rheumatoid arthritis56

Table 6. Other autoimmune conditions associated with defined chromo-
somal abnormalities.

Chromosomal Abnormality Autoimmune Condition

2p deletion/trisomy 5q Lupus nephritis57

4/5 balanced translocation Periarteritis nodosa58

Trisomy 21 Celiac disease59

Scleroderma (1 case)52

Autoimmune thyroid disease60

22 Ph1 (Phil) Ankylosing spondylitis, rheumatoid
arthritis61

XXY — Klinefelter Sjögren’s, Raynaud’s, scleroderma62,63

XO — Turner Crohn’s disease, thyroiditis, insulin
dependent diabetes mellitus64–77

Mosaicism Sjögren’s syndrome78

XXXXX/XXXX/XXX/XX/XO
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Alternatively, the 22q11 deletion syndromes may
conceivably be associated with immune dysregulation that
in turn leads to autoimmunity. While most of these patients
have apparently clinically insignificant T cell abnormalities,
they all may have had a significant thymic defect during
embryogenesis (and in the case of DiGeorge syndrome,
extending into postnatal life), with the result that a critical
regulatory T cell subpopulation may be defective or missing
and/or clones of autoreactive T or B cells are not eliminated
during immune development.

A number of candidate genes at the 22q11.2 locus have
been identified, but in each case further investigation found
no evidence of an etiological role33-36.

More recently the focus of interest has shifted to the
TBX1 gene, which maps to the center of the DiGeorge
region. TBX1 is a member of a phylogenetically conserved
family of genes that share a common DNA binding domain,
the T-Box. T-Box genes are transcription factors involved in
the regulation of developmental processes. Mouse TBX1
(which shares 98% amino acid identity with human TBX1)
has been shown to be expressed during early embryogenesis
in the pharyngeal arches pouches, otic vesicle, and vertebral
column37. Studies employing genetic manipulation tech-
niques in mice have shown TBX1 to be critical in the regu-
lation of development of structures affected in 22q11
deletion syndrome, including thymic development, in a dose
dependent manner38-40. We postulate that hemideletion of
this gene could result in premature thymic apoptosis and a
consequent qualitative defect in immunological tolerance
and thus a predisposition to autoimmunity. Consistent with
this is evidence of T cell dysfunction in 5 of the 13 patients.
Further detailed analysis of thymic function may reveal
more widespread abnormalities.

An alternative explanation is a common genetic constitu-
tion linking these disorders. Genetic factors predisposing to
the development of arthritis do exist, exemplified by fami-
lies with more than one affected person, an increased
frequency of JIA in siblings and twins, and the presence of
particular HLA haplotypes like those present in some of the
patients in this series41. It must be emphasized, however,
that HLA associations are felt to explain only a fraction of
the genetic risk in JIA42,43. Polymorphisms of other immune
response genes such as cytokine genes have been identified
that appear to affect disease course or severity in JIA44-46.

An association between inflammatory arthritis in child-
hood and a number of chromosomal disorders has been
reported (Table 5)47-56, as have other autoimmune condi-
tions52,57-78 (Table 6). It is possible that in patients with
22q11 deletion syndrome, who thus have an automatically
dominant set of genes on the nondeleted chromosome, a
particular polymorphism is effectively uncovered in the
absence of the second allele. This polymorphism may affect
both the chance of developing JIA and/or the disease course
and severity.

The occurrence of polyarticular arthritis in these 13
patients implies interplay between hereditary factors
(thymic abnormality, partial IgA deficiency, HLA pheno-
type) and possible environmental factors (such as the anti-
genic excess as a result of increased infections) leading to
the development of chronic arthritis.

Clinicians involved in the management of children (and
adults, since many children with 22q11 deletion will survive
well into adulthood) with arthritis or 22q11 deletion
syndrome should be aware of the association between these
conditions in order that potentially treatable co-pathology is
not overlooked. Further, investigation of the precise nature
and actions of the genes at the 22q11 locus may provide
general insight into the pathogenesis of both JIA and other
autoimmune conditions.
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