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Objective - To determine the abundance of principal lymp-
hocyte subpopulations in the peripheral blood of patients with
conotruncal cardiac anomalies. Conotruncal cardiac anomalies
arise from a developmental defect of the conotruncal septum
and often occur as part of 22q11.2 deletion syndrome, also cha-
racterized by hypoparathyroidism, growth retardation, characte-
ristic facial dysmorphia and an immune system impairment due
to thymic hypoplasia.

Patients and Methods - Deletion of 22q11.2 is detected by flu-
orescent in situ hybridization in over 90% of patients showing
the characteristic phenotype. In these patients, a broad spectrum
of immunological defects has been described. Most typical
of these is a mild to moderate decrease of T cell number and
function. In this study, we determined the numbers of lymp-
hocyte subpopulations (CD3+, CD19+, CD3-CD16/CD56+,
CD3+CD4+, CD3+CD8+, CD3+HLA-DR+) in patients trea-
ted for conotruncal anomalies (8 patients with 22q11.2 deletion,
7 without 22q11.2 deletion and 4 in whom deletion was not sou-
ght) by immunofluorescence/flow cytometry.

Results - The number of patients whose CD3+ cells were decre-
ased in number, as compared to the age-specific reference range,
was 4/8,3/7 and 2/4 in the three groups, respectively (total: 9/19
patients). The remaining lymphocyte subpopulations investigated
demonstrated wide variability in all three groups of patients.
Conclusion - This finding is in concurrence with published data
and, overall, supports the significance of determining the num-
bers of lymphocyte subpopulations in all patients with conotrun-
cal anomalies, whether carrying 22q11.2 deletion or not.
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Introduction

Conotruncal anomalies are characterized by
defects of the conotruncal septum and inclu-
de ventricular septal defect with ,,riding* aor-
ta, tetralogy of Fallot, syndrome of absent
pulmonary artery valves, double outlet right
ventricle (DORV), transposition or malposi-
tion of great vessels and truncus arteriosus
(Figure 1). Syndrome of 22q11.2 deletion
(formerly Di George syndrome) consists
of conotruncal cardiac anomalies, hypopa-
rathyroidism, growth retardation, characte-
ristic facial dysmorphia (micrognathia, short
philtrum, hypertelorism, epicanthus, anti-
mongoloid eye position, earlobe deformities),
as well as immune system defects brought
about by thymic hypoplasia/aplasia (Figure 2).
It is a maldevelopment of structures origina-

Figure 1 Conotruncal defects: Truncus arteriosus
(left), double outlet right ventricle (DORV, middle),
transposition of great arteries (TGA, right). VSD,
ventricular septal defect; RV, right ventricle; LV, left
ventricle; Ao, aorta; PT, pulmonary trunk (Source:
Kelly RG. An introduction to outflow tract deve-
lopment. European Society of Cardiology 2009; web
presentation)
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Figure 2 Most important developmental defects in 22q11.2 deletion syndrome
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ting in the 3rd and 4th branchial arches. The
estimated incidence of the 22q11.2 deletion
syndrome is about 1 in 3000 live births (1).
Deletion 22q11.2 is most often (>95%) a de
novo occurrence, but it may also be inheri-
ted in autosomal dominant fashion (2). The
great phenotypic diversity of patients affec-
ted by this syndrome does not correlate with
the size of the deleted segment (3). In over
90% of patients exhibiting the characteristic
phenotype, 22q11.2 deletion is readily detec-
ted by fluorescent in situ hybridization (2).
In the remaining 210% of patients, 22q11.2
deletion is not detected, and the syndrome
is assumed to be the result of other genetic
anomalies and/ot exposute in utero to alco-
hol or isotretinoin (4, 5, 6).

A broad spectrum of immune system
defects has been described in patients with
22q11.2 deletion syndrome (7, 8). The cha-
racteristic defect is a mild to moderate decre-
ase in T lymphocyte number, resulting from
thymic hypoplasia (9). Patients that comple-
tely lack a thymus show a severe T cell immu-
nodeficiency, but they comprise no mote
than 1% of all patients, since most of those
without a macroscopically visible thymus do
possess microscopic islets of thymic epite-
lial cells in the neck and/or mediastinum,
allowing a certain number of T cells to ma-
ture (9). B cell numbers are normal in most
patients, although defects in immunoglobu-
lin production are encountered (in as many
as 43% of patients in one study) (10), proba-
bly as a result of the reduced number and/or
function of T helper lymphocytes, necessary
for mounting the humoral immune respon-
se directed at T-dependent antigens. Similar
to the anatomical and functional changes,
susceptibility to infection in patients with
22q11.2 deletion syndrome is highly variable
and does not always correlate with numbers
of lymphocytes and their subpopulations.
This is partly due to the fact that many of
these patients have functional T cell defects,

dictating the necessity of assessment of T cell
proliferation in response to mitogen or anti-
gen stimulation, in order to fully appreciate
the status of the immune system. Immune
system defects in 22q11.2 deletion syndrome
usually tend to be mitigated with the passage
of time. In addition to infection susceptibi-
lity, these patients have a somewhat higher
incidence of autoimmune disorders compa-
red to the general population, indicating po-
ssible defects in the regulatory components
of the immune system (9). The objective of
this work was to examine the abundance of
principal lymphocyte subpopulations in the
peripheral blood of patients with conotrun-
cal cardiac anomalies.

Patients and Methods

Patients

A total of 19 patients (8 boys and 11 gitls),
aged from 2 months to 16 years, treated for
conotruncal cardiac anomalies in the Univer-
sity Children’s Hospital, were recruited in the
study at the time of the appointed control
examination in the period 2008-2009. Seven
of 19 patients showed the characteristic faci-
al dysmorphia, two had non-specific changes
of the facies, while in ten patients no faci-
al dysmorphia could be observed. In three
patients, signs of hypoparathyroidism were
present. Two patients had a family history of
22q11.2 deletion. In two children, immuno-
deficiency was manifested by severe and/or
recurrent bacterial or fungal infections.

By fluorescent in situ hybridization
(FISH), 22q11.2 deletion was found in 8 pa-
tients (including the two patients with clini-
cally manifest immunodeficiency), while in 7
patients the deletion was shown to be absent.
In the remaining 4 patients, the analysis was
not performed.

Immunofluotescence/flow cytometry
A quantity of 2 ml of peripheral blood
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was drawn from each patient in a tube with
ethylenediaminetetraacetate (EDTA) as anti-
coagulant. After the determination of total
leucocyte number and lymphocyte percenta-
ge by an automated blood counter, the blood
was diluted so that 100 pL of the suspension
contained 1-10x109 /L leucocytes. The blood
was then incubated with appropriate volumes
of commercial solutions of monoclonal an-
tibodies anti-CD45, anti-CD3, anti-CD4, an-
ti-CD8, anti-CD19, anti-CD16, anti-CD56,
anti-HLA-DR, conjugated with fluorescein-
isothiocyanate, phycoerythrin or peridinin-
chlorophyll-protein (Beckton-Dickinson,
USA), according to the manufacturer’s in-
structions. After incubation, red blood cells
were lysed by ammonium-chloride solution,
after which the cells were washed in physiolo-
gical saline solution and centrifuged at 500 g.
The samples were subsequently analyzed by
flow cytometer (BD FACSCalibur, Beckton-
Dickinson, USA) in order to determine the
abundance of cell subpopulations, defined
by the examined molecular markers within
the lymphocyte population, determined by
the side scatter of laser light beam and expre-
ssion intensity of CD45 (CD45highSSClow).
Absolute numbers of lymphocyte subpopu-
lations were calculated based on the known
total leucocyte number and relative number
of lymphocytes.

Cell numbers belonging to the respective
subpopulations were compared to the refe-
rence range determined by values found in
healthy persons of appropriate age (average

+2SD) (12).

Results

1. Absolute lymphocyte numbers

In the group of patients with detected
22q11.2 deletion (N=8), lymphopenia was
found in three patients, in four patients the
lymphocyte number was within the reference
range, while one patient had lymphocytosis.

A similar distribution was noted in the gro-
up where 22q11.2 deletion was not detec-
ted (N=7), with two patients having lymp-
hopenia, four showing normal lymphocyte
numbers and one patient exhibiting lymp-
hocytosis. Lymphopenia was also found in
two of four patients in whom the presence
of 22q11.2 deletion was not examined, while
one patient had normal lymphocyte number
and lymphocytosis, respectively (Table 1).

2. Numbers of T Lymphocytes (CD3+)
Of patients with the documented presence
of 22q11.2 deletion, one half (4/8) had T
lymphocyte numbers below the lower mar-
gin of age-respective reference range, inclu-
ding one of the two patients with clinically
manifest immunodeficiency, while the other
half (4/8) had T lymphocyte numbers wit-
hin the reference range. In the group without
22q11.2 deletion, 3/7 patients had a reduced
number of T lymphocytes, 3/7 had a num-
ber within the reference range, while 1/7 had
an elevated number of T lymphocytes. Of
the two patients in whom the presence of
22q11.2 deletion was not sought (N=4), one
had elevated and one reduced T lymphocyte
numbers, respectively (Table 1).

3. CD4/CDS8 Ratio

The ratio of T helper/regulatory cells to
cytotoxic T cells (CD4/CDS8) is one of the
most sensitive parameters of altered funcio-
nal state of the immune system. Five of eight
patients in the group with 22q11.2 deletion
had CD4/CDS8 ratio within the reference
range, while 1/8 had a reduced, and 2/8 an
elevated ratio. Similatly, in the group without
22q11.2 deletion, 5/7 patients had a not-
mal and 2/7 an increased CD4/CDS8 ratio.
Among the patients in whom the presence
of the deletion was not examined, 2/4 had a
normal, and 1/4 reduced and elevated ratio,
respectively (Table 1).
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4. Number of activated T lymphocytes
(CD3+HLA-DR+)

T lymphocytes that express on their cell
surface the molecules of the class II of the
major histocompatibility complex (MHC-
II; HLA-DR) are activated T lymphocytes,
since T lymphocytes do not constitutively
express MHC II molecules. The number of
CD3+HLA-DR+ lymphocytes was, in the
group of patients with 22q11.2 deletion, wit-
hin the reference range in 6/8 patients, while
one patient had a reduced and one an eleva-
ted number, respectively. Likewise, in patients
without 22q11.2 deletion, 5/7 had a normal
and 2/7 a reduced number of CD3+HILA-
DR+ lymphocytes (Table 1).

5. Number of B lymphocytes (CD19+)

In the group of patients with 22q11.2 dele-
tion, 6/8 had B lymphocyte numbers within
the reference range, while 2/8 had a reduced
number of B lymphocytes compared to the
age-respective reference range. In the group
without 22q11.2 deletion, 5/7 patients had a
number of B lymphocytes within the refe-
rence range, while 1/7 had a reduced and one
an elevated number, respectively. In patients
where the presence of 22q11.2 deletion was

not sought, 3/4 had a normal, and 1/4 an
clevated number of B lymphocytes (Table 1).

6. Number of NK cells (CD3-CD16/
CD56+)

Seven of eight patients with confirmed
22q11.2 deletion had a NK cell number wit-
hin the age-respective reference range, while
one had an elevated number. In the group
without 22q11.2 deletion, 4/7 patients had
NK cell numbers within the reference range,
2/7 had a reduced, and 1/7 an elevated num-
ber of NK cells. Of the patients in whom
22q11.2 deletion was not examined, 1/4 had
a reduction, 1/4 a normal number, and 2/4
an increase in NK cells (Table 1).

Discussion

The great variability of T lymphocyte num-
bers in our series of patients with conotrun-
cal anomalies is in keeping with previously
found data (2), as is the fact that in approxi-
mately half the patients (9/19) the T lymp-
hocyte number was below the lower limit of
the age-respective reference range. Intere-
stingly, the proportion of patients with redu-
ced T lymphocyte numbers was quite similar
in patients in whom 22q11.2 could not be

Table 1 Populations of peripheral blood lymphocytes in pediatric patients with conotruncal anomalies

Number of patients

Del 22q11  Patients Relation to healthy

Lymphocytes CD3* CD4/ CD3* CD19° CD3

(FISH) () population n CD8  HLA- CD16/
DR* CD56*
Decrease 3 4 1 1 2 0
4k 8 Reference range 4 4 5 6 6 7
Increase 1 0 2 1 0 1
Decrease 2 3 0 2 1 2
- 7 Reference range 4 3 5 5 5 4
Increase 1 1 2 0 1 1
Decrease 2 2 1 2 0 1
? 4 Reference range 1 0 2 2 3 1
Increase 1 2 1 0 1 2
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demonstrated by FISH, although the num-
ber of patients was far from sufficient for
parametric tests of statistical significance. It
is also of note that none of our patients had
T lymphocyte numbers lower than 3 SD be-
low the average value for the appropriate age
group, which is in accordance with literature
data, indicating that this has been found in
less than 1% of patients (9, 13).

The increased number of T lymphocytes
that was found in one patient in the 22q11.2
deletion group, one patient without deleti-
on 22q11.2, and two in whom deletion was
not examined (overall 4/19 patients) might
be a compensatory phenomenon resulting
from impaired T lymphocyte function and/
or narrowed repertoire of specificity. The re-
ason may lie in the inadequate course of po-
sitive and negative selection processes taking
place in the hypoplastic thymus or scattered
islets of thymic tissue. An increased or de-
creased number of activated T cells expre-
ssing on their surface the molecules of class
IT of the major histocompatibility complex
could also be a compensatory phenomenon
(14). Vatiations in the CD4/CDS8 ratio are
difficult to interpret in the context of immu-
nodeficiency in 22q11.2 syndrome, since this
parameter is also very sensitive to the action
of a multitude of factors that ephemerally
influence the functional state of the immune
system, such as infection by various micro-
organisms or concomitant chronic disorders
with an inflammatory component (15, 16).

The increase in B lymphocyte numbers
in two of the nineteen patients might be yet
another compensatory phenomenon; on the
other hand, since increase in B lymphocyte
number was not found in any of the patients
harboring 22q11.2 deletion, in those two pa-
tients with conotruncal anomalies and an ele-
vated number of B lymphocytes, some other
biological factors, innate or acquired, may be
in play, leading to the observed increase in B
cell numbers. Similar holds true for patients

with an increased or decreased number of
NK cells. A decrease in B lymphocyte num-
bers, found in two patients with 22q11.2 de-
letion, may arise from the inadequate functi-
on of helper T lymphocytes, and consequent
impairment of cognate B-T cell interactions,
necessary for mounting immune responses
toward thymus-dependent antigens. The ma-
turation of B cells may also be somewhat
hampered due to less than adequate quantiti-
es of stimulating cytokines produced by the
Th2 subpopulation of CD4+ lymphocytes
(17). It is worth noting that simple counting
of the lymphocytes belonging to principal
subpopulations (T and B lymphocytes and
NK cells) is not sufficient for a complete in-
sight into the state of the immune system,
and this data should be complemented by
lymphocyte functional investigations (11).

Finally, it should also be noted that both
our patients with clinically manifest immuno-
deficiency had 22q11.2 deletion detected. Of
these two, one patient died of sepsis that did
not respond to any antibiotic therapy, whi-
le the other patient suffered from frequent
and severe respiratory infections. This pati-
ent had a reduced number of CD3+ lymp-
hocytes, while the number of CD3+ cells in
the deceased child was within the age-speci-
fic reference range

Conclusion

Taken as a whole, the obtained data indicate
that in about one half of the patients with
conotruncal anomalies, T lymphocyte num-
bers were significantly lower than those fo-
und in the healthy population. The data also
indicate the great diversity of abundance of
principal lymphocyte subpopulations in pa-
tients with conotruncal anomalies. Bearing
in mind the importance of determining the
exact functional state of the immune system
in order to optimally follow these patients up
and, upon necessity, undertake appropriate
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measures of prevention and/or treatment,
the enumeration of lymphocyte subpopulati-
ons is indicated in all patients with conotrun-
cal anomalies, whether carrying 22q11.2 de-
letion or not.
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