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Summary

 

Chromosome 22q11.2 deletion syndrome is a common disorder characterized
by thymic hypoplasia, conotruncal cardiac defect and hypoparathyroidism.
Patients have a risk of infections and autoimmunity associated with T lym-
phocytopenia. To assess the immunological constitution of patients, the
numerical changes and cytokine profile of circulating T cells were analysed by
flow cytometry and real-time polymerase chain reaction (PCR). CD3

  

++++

 

, CD4

  

++++

 

,
T cell receptor (TCR)ααααββββ

  

++++

 

 or CD8αααααααα

  

++++

 

 cell counts were lower, and CD56

  

++++

 

 cell
counts were higher in patients than in controls during the period from birth
to adulthood. The ageing decline of CD3

  

++++

 

 or CD4

  

++++

 

 cell counts was slower in
patients than in controls. The proportion of CD8αααααααα

  

++++

 

 cells increased in con-
trols, and the slope index was larger than in patients. On the other hand, both
the number and proportion of Vαααα

 

24

  

++++

 

 cells increased in patients, and the slope
indexes tended to be larger than in controls. The positive correlation of the
number of T cells with CD8αααααααα

  

++++

 

 cells was observed only in patients, and that
with Vαααα

 

24

  

++++

 

 cells was seen only in controls. No gene expression levels of inter-
feron (IFN)-γγγγ

 

, interleukin (IL)-10, transforming growth factor (TGF)-ββββ

 

, cyto-
toxic T lymphocyte antigen 4 (CTLA4) or forkhead box p3 (Foxp3) in T cells
differed between patients and controls. There was no significant association
between the lymphocyte subsets or gene expression levels and clinical pheno-
type including the types of cardiac disease, hypocalcaemia and frequency of
infection. These results indicated that T-lymphocytopenia in 22q11.2 deletion
patients became less severe with age under the altered composition of minor
subsets. The balanced cytokine profile in the limited T cell pool may represent
a T cell homeostasis in thymic deficiency syndrome.
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Introduction

 

22q11.2 deletion syndrome is one of the most common
genetic disorders occurring in one of 4000–6000 live births
[1]. DiGeorge syndrome/velocardiofacial syndrome is a
prototype of the deletion presenting conotruncal cardiac
anomalies, thymic hypoplasia, hypoparathyroidism,
velopharyngeal incompetence (VPI) and mental retardation
[2]. This deletion is also associated with CHARGE
[coloboma, heart disease, atresia choanae, retarded growth
and retarded development or central nervous system (CNS)
anomalies, genital hypoplasia and ear anomalies and/or

deafness] association, Opitz/GBBB syndrome and conotrun-
cal anomaly face syndrome. Most patients have a deletion of
the same 3 Mb region on 22q11.2 [3]. Critical T cell defi-
ciency occurs rarely in athymic patients with the deletion
(complete DiGeorge syndrome) [4], while varying degrees of
lymphopenia arising from the thymic hypoplasia is seen in
more than 80% of patients (partial DiGeorge syndrome) [5].
Diminished T cell count with biased T cell receptor (TCR)
repertoire is a typical finding of the deletion syndrome [6,7],
which may predict susceptibility to infections [8]. On the
other hand, the decline of peripheral T cells in patients might
be blunted with age [9,10]. Extrathymic T cells can prolifer-
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ate in complete DiGeorge syndrome [11]. The ageing alter-
ation of thymus-dependent and -independent T cells has not
been clarified in this deletion syndrome.

Effective control of cardiac anomalies and infections has
led to the improved survival of patients. However, another
caveat is the complication of allergic diseases and autoim-
mune disorders such as rheumatoid arthritis, haemolytic
anaemia and thrombocytopenia [9,12–17]. There have been
a few reports on the immunodysregulation in this syndrome,
including high lymphoproliferative activity [18], increased
apoptosis of T cells [19] and deficient regulatory T (Tr) cells
[20]. The expression of cytokines and T helper (Th) 1/Th 2
status remains unknown. The numerical and functional
analyses of patients’ T cells may delineate the precise thymic
function in humans.

In this study, we followed age-related changes of T cell
subsets in 22q11.2 deletion patients focusing on TCR

 

γδ

 

+

 

,
CD8

 

αα

 

+

 

 or V

 

α

 

24

 

+

 

 cells arising partly from the extrathymic
pathway,  and  analysed  quantitatively  the  gene  expression
of interferon (IFN)-

 

γ

 

, interleukin (IL)-10, transforming
growth factor (TGF)-

 

β

 

, cytotoxic T-lymphocyte antigen
(CTLA) 4 and forkhead box p3 (Foxp3) in circulating T cells.
Unique quantitative and qualitative maturations of the lim-
ited T cell pool in thymic deficiency are discussed.

 

Patients, materials and methods

 

Patients

 

A total of 15 patients carrying the 22q11.2 deletion were eli-
gible for the study, based on the results of fluorescence 

 

in situ

 

hybridization (FISH) using the N25 (D22S75) or Tuple1
DNA probes [3]. There was no other abnormal karyotype
assessed by G-banding. Clinical characteristics of patients
are shown in  Table 1. The male : female ratio was 6 : 9. All
patients showed complex cardiac and arch anomalies, psy-
chomotor retardation and lymphopenia. There was no com-
plication of thrombocytopenia. VPI was defined in seven of
15 patients. At surgical intervention of cardiac disease, thy-
mic hypoplasia was confirmed in 12 of 15 patients. Patients
11 and 12 had severe brain damage due to head trauma and
hypoxic encephalopathy, respectively; their neurological
evaluations were excluded for the study. All patients were
free from serious infections, and received live-attenuated
vaccines safely. Three patients had immunological abnor-
malities but had not developed autoimmune diseases;
positive anti-nuclear antibody in patient 3, a low
immunoglobulin (Ig) G3 level in patient 7 and an isolated
low IgG level in patient 8. Patient 12 died of haemophago-
cytic lymphohistiocytosis (HLH) at 26 months of age. Age-
matched controls included 32 subjects who had no underly-
ing disease or active infection. Peripheral blood was collected
from patients without infection after informed consent was
obtained.

 

Flow cytometry and cell sorting

 

Flow cytometry was carried out using 

 

epics

 

-

 

xl

 

 (Immuno-
tech Coulter, Miami, FL, USA) [21]. The forward light-
scatter gate was set to analyse viable cells and exclude
background artefacts. Multicolour staining was carried out
using fluorescein isothiocyanate-, phycoerythrin-, phyco-

 

Table 1.

 

Clinical characteristics of patients with chromosome 22q11.2 deletion syndrome

No. Sex

Age*

(years, months) Thymus

Cardiac defect

/arch anomaly VPI PMR Hypocalcaemia

Prone to

infection

Immunological

abnormality

1 F 4 Trace VSD/IAA no Slight Yes No

2 F 8 Small VSD/IAA yes Moderate Yes Yes

3 F 14 Small VSD/RAA no Slight Yes No Positive ANA

4 F 8 Trace VSD/LAA yes Severe Yes Yes

5 F 21 Trace TOF/RAA yes Slight Yes No

6 M 10 Small TOF/RAA no Slight No Yes

7 F 13 Small VSD/IAA no Slight Yes Yes Low IgG3 levels

8 M 1,6 Small TOF/LAA no Slight No Yes Low IgG levels

9 M 2,0 NR VSD/LAA yes Slight No No

10 M 13 Small TOF/LAA no Slight No Yes

11 F 2,2 NR TOF/RAA no Severe** Yes No

12 F 2,0 Small TOF/RAA yes Severe** Yes No HLH

13 F 7,6 Small VSD/LAA yes Moderate No Yes

14 M 1,0 NR TOF/LAA no Severe Yes No

15 M 1,3 Trace TOF/RAA yes Slight No Yes

IAA: interruption of aortic arch, LAA: left aortic arch, RAA: right aortic arch, VSD: ventricular septal defect, TOF: tetralogy of Fallot, VPI:

velopharyngeal incompetence; PMR: psychomotor retardation, ANA: anti-nuclear antibodies, Ig: immunoglobulin, HLH: haemophagocytic lympho-

histiocytosis, NR: not recorded. *Age represents the time of real-time polymerase chain reaction (PC) study for the quantification of cytokine genes

in fractionated T cells. **Neurological functions of patients 11 and 12 were severely impaired because of intracranial haemorrhage and hypoxic

encephalopathy, respectively.
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erythrin-cyanin 5·1-conjugated monoclonal antibodies
against CD3, CD4, CD8, CD8

 

α

 

, CD19, CD56, TCR

 

αβ

 

,
TCR

 

γδ

 

 and TCRV

 

α

 

24 (Immunotech Coulter). Mononuclear
cells (MNCs) were separated from peripheral blood using
Ficoll-Paque (ICN Biomedicals, Inc., Aurora, OH, USA),
and were then fractionated into CD3

 

+

 

 cells using the mag-
netic cell sorting system (Miltenyl Biotec, Auburn, CA, USA)
[22]. T cells with 

 

>

 

 97% of purity were stored at 

 

−

 

80

 

°

 

C to
extract RNA.

 

RNA extractions and cDNA synthesis

 

Total RNA was extracted from the sorted T cells by RNA
extraction kit, Isogen (Nippon Gene, Osaka, Japan). cDNA
was synthesized with a first-strand cDNA synthesis kit
(Amersham Pharmacia Biotech, Tokyo, Japan) at 37

 

°

 

C for
60 min with random hexamers. The cDNA were used for the
following polymerase chain reactions (PCR).

 

Quantitative PCR by 

 

Taq

 

Man method

 

Real-time PCR was used to quantify the gene dosages
expressed in T cell fractions. The quantified genes were
mRNA of cytokines of IFN-

 

γ

 

, IL-10 and TGF-

 

β

 

, a co-stimu-
latory molecule of CTLA4 and a key regulatory T cell mole-
cule of Foxp3. The PCR primers and 

 

Taq

 

Man probes were
designed with the assistance of the computer program

 

primer express

 

 (PE Biosystems, Foster City, CA, USA),
based on information of the sequences for all genes from the
GenBank database. Nucleotide sequences of PCR primers
and the 

 

Taq

 

Man probe were as follows; IFN-

 

γ

 

 forward
primer (F): 5

 

′

 

-ACGAGATGACTTCGAAAAGCTG-3

 

′

 

, IFN-

 

γ

 

reverse primer (R): 5

 

′

 

-TTTAGCTGCTGGCGACAGTTC-3

 

′

 

,
IFN-

 

γ

 

 

 

Taq

 

Man probe: 5

 

′

 

-CGGTAACTGACTTGAATGTC
CAACGCAA-3

 

′

 

, IL-10 F: 5

 

′

 

-ACCTGCCTAACATGCTTC
GAG-3

 

′

 

, IL-10 R: 5

 

′

 

-CCAGCTGATCCTTCATTTGAAAG-3

 

′

 

,
IL-10 

 

Taq

 

Man probe: 5

 

′

 

-TCTCCGAGATGCCTTCAG
CAGAGTGA-3

 

′

 

, TGF-

 

β

 

 F: 5

 

′

 

-ATTGCTTCAGCTCCACG
GA

 

−

 

3

 

′

 

, TGF-

 

β

 

 R: 5

 

′

 

-CCCGGGTTATGCTGGTTGTAC-3

 

′

 

,
TGF-

 

β

 

 

 

Taq

 

Man probe: 5

 

′

 

-CAGCTGTACATTGACTTCCG
CAAGGACCT-3

 

′

 

, CTLA4 F: 5

 

′

 

-CAGTGGAAATCAAGT
GAACCTCAC-3

 

′

 

; CTLA4 R: 5

 

′

 

-GCACGGTTCTGGAT
CAAT TACA-3

 

′

 

; CTLA4 

 

Taq

 

Man probe: 5

 

′

 

-TGGAGCTCAT
GTACCCACCGCCATACTA-3

 

′

 

, and Foxp3 F: 5

 

′

 

-
GAGAAGCTGAGTGCCATGCA-3

 

′

 

, Foxp3 R: 5

 

′

 

-AGGAGC
CCTTGTCGGATGAT-3

 

′

 

, Foxp3 

 

Taq

 

Man probe: 5

 

′

 

-CACA
GATGAAGCCTTGGTCAGTGCCA-3

 

′

 

 (anti-sense strand).
Each 

 

Taq

 

Man probe was labelled at the 5

 

′

 

 end with the
reporter dye molecule FAM (6-carboxyfluoresenscein;
emission I, 538 nm). Glyceraldehyde-3-phosphate-
dehydrogenase (GAPDH) 

 

Taq

 

Man control reagents kit (PE
Biosystems) was used as an internal control. 

 

Taq

 

Man probes
were labelled with the quencher flour TAMRA (6-carboxy-
tetramethyl rhodamine; emission I, 582 nm) at the 3

 

′

 

 end via
a linker arm nucleotide.

Cellular mRNA was quantified by 

 

abi prism

 

 7700
Sequence Detector (PE Biosystems) [21,22]. Briefly, the PCR
primer set and 

 

Taq

 

Man probe were mixed with 

 

Taq

 

Man uni-
versal PCR master mix (PE Biosystems). PCR conditions
were as follows: 50

 

°

 

C for 2 min, 95

 

°

 

C for 10 min, 50 cycles of
amplification at 94

 

°

 

C for 15 s and 60

 

°

 

C for 1 min. During
each cycle of the PCR, the 5′→3′ exonuclease activity of
Ampli-Taq Gold DNA polymerase cleaves the TaqMan
probe, thereby increasing the fluorescence of the reporter dye
at the appropriate wavelength. The increase in fluorescence
was proportional to the concentration of template in the
PCR mixture. To calculate the relative amount of gene in
cells, each value was divided by that of the internal control. It
then was defined as a relative ratio to that (1·00) of phyto-
haemagglutinin (PHA)-stimulated MNCs (relative units).
All analyses were performed in duplicate samples and
repeated for confirmation.

Statistical analysis

Group means were compared between two groups by Mann–
Whitney U-test. Pearson’s correlation coefficients and
Fisher’s Z-transformation were used for the association
study. Analysis of covariance was used to compare the slope
index of regression equations in the relation of age and the
proportion or absolute number of lymphocyte subsets. Cal-
culations were performed using bmdp statistical software
(BMDP Statistical Software, Inc., Los Angeles, CA, USA) on
sparc station 20 (OS: solaris 2·5.1, Sun Microsystems,
Mountain View, CA, USA) [21,22].

Results

Comparison of lymphocyte subsets

Surface markers of peripheral lymphocytes in 15 patients
were examined and compared with those in 32 age-matched
controls. Blood sampling was performed more than twice
during the observation period (median: 42·6 months, range:
2–247 months of age). The absolute numbers of lympho-
cytes are shown in  Fig. 1. The proportion and number of
CD3+ cells (both P < 0·0001), CD4+ T cells (P = 0·0069 and
0·0057, respectively) and αβT cells (both P < 0·0001) were
each lower in patients than those in controls throughout the
observation period. The CD4/CD8 ratio was lower in
patients than in controls (P = 0·0388). The number but not
proportion of CD8αα+ cells (P = 0·0440) was significantly
lower in patients than in controls. In contrast, the propor-
tion and number of CD56+ cells (P < 0·0001 and 0·0135,
respectively) were higher in patients than in controls. The
proportion but not the number of CD19+ cells (P = 0·0113)
was higher in patients than in controls. There were no dif-
ferences in the proportion and number of γδT cells or Vα24+

cells between patients and controls during the observation
period.



Y. Kanaya et al.

88 © 2006 British Society for Immunology, Clinical and Experimental Immunology, 144: 85–93

Changes of T cell subsets during maturation

The ageing alterations of T cell subsets were then assessed by
the analysis of covariance.  Figure 2a shows the changes in
absolute number of T cells. Figure 2b presents the changes in
number and proportion of T cell subsets including the
extrathymic population. The decline slope of numbers but
not proportion of CD3+ cells was slower in patients than in
controls (P = 0·009, patient: y = −3·8678x + 1605, control:
y = −12·086x + 3431). CD4+ T cells showed the decline pat-

tern of numbers similar to CD3+ cells (P = 0·048, patient:
y = −5·5848x + 2139, control: y = −12·411x + 3619). The
similar decline pattern of αβT cell counts did not reach sta-
tistical significance (data not shown). There were no differ-
ences in the slope index of numbers or proportion of CD8+ T
cells, CD19+ cells or CD56+ cells between patients and con-
trols (data not shown).

The ageing slopes of γδT cells did not differ between
patients and controls (Fig. 2b). The proportion of CD8αα+

cells increased in controls during the observation period, the

Fig. 1. Absolute number of peripheral blood 

lymphocytes during the observation period 

(median: 42·6 months, ranges: 2–247 months of 

age). The mean ± s.d. cell counts are shown in 

patients with 22q11.2 deletion (�) and age-

matched controls (�). CD3+ cell (P < 0·0001), 

CD4+ T cell (P = 0·0057), T cell receptor 

(TCR)αβ cell (P < 0·0001) and CD8αα+ cell 

(P = 0·0440) counts were lower in patients than 

in controls. On the other hand, CD56+ cell 

counts in patients were higher than in controls 

(P = 0·0135). There were no statistical differ-

ences in CD19+ cells, CD8+ T cells, TCRγδ cells 

and Vα24+ cells between patients and controls. 

The Mann–Whitney U-test was used for the sta-

tistical analyses. Sample number of patients: 

CD3+, CD19+, CD56+, CD4+ T, CD8+ T, αβT and 

γδT cells: 43, each of controls: 32.
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Fig. 2. Correlation between absolute number of T cell subsets and age. The regression lines were derived from the relationship between number or 

proportion of each subset and age, in patients: (a) solid line n = 43, (b) n = 29–42 and in controls (dotted line, n = 32). The slope index of regression 

equations was compared between patients and controls assessed by the analysis of covariance. (a) The decline slope of CD3+ cell number was slower 

in patients than in controls (P = 0·009, patient: y = −3·8678x + 1605, control: y = −12·086x + 3431). CD4+ T cells showed the decline pattern similar to 

CD3+ cells (P = 0·048, patient: y = −5·5848x + 2139, control: y = −12·411x + 3619). (b) The decline slope of proportion of CD8αα+ cells was slower in 

patients than controls (P = 0·011, patient: y = 0·0014x + 5·5213, control: y = 0·0324x + 2·9278). The slope indexes in both of Vα24+ cells in patients 

tended to be larger than in controls (number: P = 0·052, patient: y = 0·0549x + 11·997, control: y = −0·1367x + 27·006; proportion: P = 0·058, patient: 

y = 0·0033x + 0·3478, control: y = −0·0014x + 0·5238), although these did not reach statistical significance. No slope indexes of proportion or number 

of T cell receptor (TCR)γδ cells differed between patients and controls.
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slope index of which was larger than that in patients
(P = 0·011, patient: y = 0·0014x + 5·5213, control:
y = 0·0324x + 2·9278). The difference in the slope index of
CD8αα+ cell number between patients and controls did not
reach significance. On the other hand, the number and pro-
portion of Vα24+ cells increased in patients and decreased in
controls. The slope indexes in both of Vα24+ cells in patients
tended to be larger than in controls (number: P = 0·052,
patient: y = 0·0549x + 11·997, control: y = −0·1367x +
27·006; proportion: P = 0·058, patient: y = 0·0033x + 0·3478,
control: y = −0·0014x + 0·5238) (Fig. 2b).

Interrelation of lymphocyte subsets in patients and 
controls

To assess the mechanism of T cell kinetics in patients, we
examined the association among all subpopulations in
patients and controls.  Table 2 shows the results of correla-
tion matrix analyses on each cell number in controls (A) and
patients (B). The absolute number of T cells correlated pos-
itively with that of CD8αα+ cells (correlation coefficient:
CC = 0·386, P = 0·0342) in patients but not in controls. On
the other hand, the number of T cells showed a positive cor-
relation with that of Vα24+ cells (CC = 0·657, P < 0·0001)
only in controls. The Vα24+ cells showed a positive correla-
tion with six of eight subsets in controls, while all the signif-
icant correlations were lost in patients. In addition, the
positive correlation between CD8+ T cells or αβT cells and
CD56+ cells was significant in patients but not controls.
These significant correlations seen only in patients or only in
controls may indicate the disease-specific or control-specific
associations (in italics, Table 2). In the correlation matrix, 17
significant associations were found in both patients and con-
trols (not italics, Table 2).

The mRNA expression levels in T cells

To evaluate the functional property of T cells in patients, the
amounts of mRNA in highly purified T cells were compared
between patients (n = 15) and age-matched controls (n = 14)
by real-time PCR. The median age at the time of gene expres-
sion study was 4 years, ranging from 1 to 21 years (Table 1).
IFN-γ represents as a Th1 cytokine, IL-10 and TGF-β as Th2
and/or regulatory cytokines, CTLA4 and Foxp3 as Tr cell-
associated molecules. As no expression levels differed
between patients and controls (data not shown), the levels
were compared between the age group (a) 0–71 months and
(b) 72–250 months to assess the ageing alteration  (Fig. 3).
The gene expression levels of IFN-γ, IL-10, TGF-β and
CTLA4 over 71 months of age tended to be higher than those
below the age in both patients and controls (see legend to
Fig. 3). Foxp3 levels tended to show a decreasing pattern
with age in patients only. However, there were no differences
of the expression levels in the same age group between
patients and controls. The covariance analysis showed no

ageing alterations of expression levels between patients and
controls. When the Th1/Th2 shift was assessed by compari-
son of the IFN-γ/IL-10 or IFN-γ/TGF-β ratios, there was nei-
ther difference between patient and controls nor any change
between the two age groups (data not shown).

Clinical features and lymphocyte parameters

The proportion and number of lymphocytes or the gene
expression levels in T cells studied above showed no signifi-
cant association with various clinical features including
types of conotruncal anomalies [ventricular septal defect
(VSD) versus tetralogy of Fallot (TOF) and interruption of
aortic arch (IAA) versus left aortic arch (LAA) versus right
aortic arch (RAA); see footnotes in Table 1], presence or
absence of velopharyngeal incompetance (VPI), infection
proneness and hypocalcaemia. There were no remarkable
values regarding lymphocyte subpopulations in patients
having immunological abnormalities (patients 3, 7, 8 and 12,
Table 1).

Fig. 3. Quantification of interferon (IFN)-γ, interleukin (IL)-10, trans-

forming growth factor (TGF)-β, cytotoxic T lymphocyte antigen-4 

(CTLA4) and forkhead box p3 (Foxp3) genes in circulating T cells of 

patients and controls more or less than 6 years of age; (a) < 72 months, 

(b) ≥72 months. Total RNA was extracted from CD3+ cell fractions 

obtained from patients (closed bar) and age-matched controls (open 

bar). No gene expression levels of any cytokine or associated molecule 

differed in the group more than 71 months of age or in the group less 

than 72 months of age between patients and controls. Multiple compar-

isons with Bonferroni’s correction abolished the significant differences 

in each single comparison (*) (IFN-γ controls: P = 0·028, transforming 

growth factor (TGF)-β patients: P = 0·030, CTLA4 patients: P = 0·040, 

controls: P = 0·049). Gene dosage was quantified by real-time poly-

merase chain reaction (PCR). The expression level of cytokine gene was 

divided by that of the internal control, glyceraldehyde-3-phosphate-

dehydrogenase (GAPDH) and then defined as a ratio to that (1·00) of 

phytohaemagglutinin (PHA)-stimulated mononuclear cells (MNC) 

(relative units). The median bar in the box-and-whiskers plot represents 

10%, 25%, 50%, 75% and 90% levels. The Mann–Whitney U-test was 

used to compare group means.
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Discussion

The notable finding of the present study was that circulating
T cells decreased with age at a slower rate in 22q11.2 deletion
patients than in controls, and the kinetics were linked to the
altered composition of minor T cell populations, arising
partly from the extrathymic pathway. No impaired expres-
sion of cytokine genes in patients indicated a functional mat-
uration of peripheral T cells. All but one (patient 12) of the
patients studied here were free from serious infections after 1
year of age, and received live-attenuated vaccines with no
specific adverse effects. The slower decreasing rate and bal-
anced cytokine profile of circulating T cells in patients sug-
gest an immune homeostasis of the limited T cell pool in
thymic deficiency syndrome.

Early studies on the immune function of patients with a
clinical diagnosis of DiGeorge syndrome revealed dimin-
ished T cell counts and preserved lymphoproliferative
responses but an unpredictable clinical course [5,23,24]. The
majority of patients were less susceptible to infection than
expected from the degree of lymphopenia and hypoplastic
thymus. Sullivan et al. [25] reported that the peripheral T
cell counts were lower at birth in 19 patients having 22q11.2
deletion than age-matched controls, but the difference was
less significant at 1 year of age. Mitogen responses were not
depressed in patients, otherwise higher than in controls [18].
There was no correlation between immunological findings
and phenotypic features [26]. The present study showed that
the slower decline of T cells from birth to adulthood was
dominant in CD4+ fractions, consistent with recent reports
[9,27]. The CD4+ and CD8+ TCR Vβ repertoire of mature T
cells in patients was appreciably normal but with limited
diversity [6–8]. The development of thymus-dependent T
cells may not be impaired severely as a result of defective thy-
mus. The γδT cells, CD8αα+ cells and Vα24+ cells arising
partly from the extrathymic pathway play a vital role in the
innate immunity and immunoregulatory responses [28–30].
The paucity of information on the thymus-independent T
cells in patients [9,11] allowed us to study the dynamics of
the numerically minor but functionally influential popula-
tions consisting of both intra- and extrathymic lineages. The
number and proportion of γδT cells in patients were not
higher than those in controls in contrast to those of CD56+

natural killer (NK) cells (Fig. 1), despite sharing similar bio-
logical properties [28]. The different kinetics of γδT cells and
NK cells were expected, as in previous reports [9]. The age-
ing decline of circulating γδT cell counts in patients was sim-
ilar to that in healthy controls [31]. However, it was of note
that γδT cells, CD8αα+ cells and Vα24+ cells showed distinct
age-related changes in patients and controls (Fig. 2b). There
was no association among these populations that were
believed to include extrathymic T cells (Table 2).

A major concern is the mechanism of blunting slope of T
cells in patients. Piliero et al. [10] studied the age-related
changes of T cells up to elderly patients, and reported that

the slower T cell decrease continued throughout their lives.
They revealed that accelerated expansion of CD45RA+ to
CD45RA– T cells contributed to the slower decline of CD4+ T
cells in patients assessed by the balance of thymic output and
apoptosis [10]. The unexpected increase of activated T cells
has been distinguished in patients with this syndrome [6].
These findings are consistent with homeostatic T cell prolif-
eration in patients with limited T cell production due to thy-
mic hypoplasia, but not secondary to recurrent infections
[10,32]. In addition to the slower shrinkage of CD4+ T cells
in patients, the present study indicated as the disease-specific
findings (1) the slowly increasing proportion of CD8αα+

cells and (2) the rapidly increasing proportion and number
of Vα24+ cells (Fig. 2b). Konno et al. [33] revealed that
peripheral CD8αα+ cells were derived from thymus-
dependent pathway in healthy subjects, in contrast to the
extrathymic differentiation of intraepithelial CD8αα+ cells
expressing mainly TCRγδ [34,35]. Circulating CD8αα+ T
cells increased up to 10% with age of CD8+ TCRαβ T cells in
normal adults [33], which were consistent with the data in
Fig. 2b. These cells were CD45RO–CCR7– memory effector
cells positive for perforin, T cell intracellular antigen (TIA-1)
and IFN-γ but negative for granzyme B and IL-2, arising
from CD8αα+ TCRαβ T cells to expand oligoclonally [33].
In this context, the effector memory CD8αα+ cells in the cir-
culation could expand poorly with age in patients. The pos-
itive correlation between CD8αα+ cells and T cells (Table 2)
might suggest the intrathymic differentiation of CD8αα+

cells in patients with this syndrome.
NK T cells, which are characterized by the expression of

invariant TCR Vα24/Vβ11-expressing cells in humans,
interact with cells presenting glycolipids in the CD1d-
restricted manner. This subset plays a regulatory role by
producing IFN-γ and IL-4, and participates in the responses
in infection, tumour-immunity and autoimmunity [30].
Vα24+NK T cells are classified into the major population of
CD4+CD8– or CD4–CD8– double-negative (DN) phenotypes
arising from intrathymic differentiation, and the minor one
of CD4–CD8+ Vα24+ cells from extrathymic differentiation.
DelaRosa et al. [36] reported that CD4+ or DN Vα24+ cells
decrease and CD4–CD8+ Vα24+ cells increase with age. The
physiological decrease of circulating Vα24+ cells might be
secondary to age-associated changes in the T cell compart-
ment with characteristic CD3+CD28+ shrinkage and
CD3+CD28– expansion [36]. On the contrary, 22q11.2 dele-
tion patients showed an increasing tendency of Vα24+ cells
with age (Fig. 2b). Moreover, significant associations of
Vα24+ cells with other subsets in controls were lost in
patients, and there was no association between Vα24+ cells
and CD8αα+ cells (Table 2). Taken together, the major subset
of Vα24+ cells expand actively in patients against the decreas-
ing T cell compartment. The ageing increase of NK T cells
may exert immunoregulatory effects on the accelerated T cell
activation and, if any, against the development of autoim-
munity in this syndrome. In this reasoning, the majority of
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circulating CD8αα+ cells and Vα24+ cells in patients appear
to stem from thymus-dependent lineages.

The high incidence of allergic diseases and autoimmune
disorders in 22q11.2 deletion has not been clarified. Sullivan
et al. [20] reported that absolute number of CD4+CD25+ T
cells was lower in patients than in healthy infants. We showed
no statistical difference in the gene expression levels of cytok-
ines between patients and controls. On the other hand,
Foxp3 levels only in patients tended to decrease after 6 years
of age. Foxp3 gene is the master gene of CD4+CD25+ Tr cells,
and the Tr cells arise from fetal thymus [37]. It may raise the
possibility that patients have an insufficient production of Tr
cells with age. Our study supported the appreciably pre-
served T cell functions in patients [9,10], and implicated the
potential role of immunoregulatory CD4+CD25+ cells and
NK T cells arising from thymus-dependent pathway. Periph-
eral T cell expansion should be taken into account for assess-
ing the function of circulating T cell pool. Further studies
including sufficient number of patients with overt autoim-
mune disorders and quantifying the TCR excision circles
(TREC) are required to understand the mechanisms of
autoimmunity in 22q11.2 deletion patients. Immunological
analyses of 22q11.1 deletion syndrome are useful not only for
the clinical management of patients, but also shed some light
on the thymic function in immune homeostasis.
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