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ABSTRACT

The DiGeorge Syndrome was first described in 1968 as a primary immunodeficiency resulting from the
abnormal development of the third and fourth pharyngeal pouches during embryonic life. It is characterized

by hypocalcemia due to hypoparathyroidism, heart defects, and thymic hypoplasia or aplasia. Its incidence
is 1:3000 live births and, despite its high frequency, little is known about its natural history and progression.
«This is probably due to diagnostic difficulties and the great variety of names used to describe it, such

as velocardiofacial, DiGeorge, and CATCH 22 Syndromes, as well as conotruncal facial anomaly. All
represent the same genetic condition, chromosome 22q11.2 deletion, which might have several clinical
expressions. To describe clinical and laboratorial data and phenotypic characteristics of patients with

DiGeorge Syndrome. Patients underwent standard clinical and epidemiological protocol and tests to detect
heart diseases, facial abnormalities, dimorphisms, neurological or behavioral disorders, recurrent infections

and other comorbidities.
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INTRODUCTION

DiGeorge syndrome (DGS) is one of a group
of  phenotypically  similar  disorders—including
syndrome (VCFS, or Shprintzen
syndrome) and conotruncal anomaly face (CTAF)
syndrome—that share a microdeletion of chromosome
22ql1.2, a region known as the DGS critical region'.

Cytogenetic and molecular studies have contributed

velocardiofacial

greatly to our understanding of the genetic basis of
these disorders. These studies suggest that one or more
genes in this region of chromosome 22 play a major
role in cardiac and craniofacial development and other
derivatives of the third and fourth pharyngeal pouches,
including the thymus and parathyroid glands. During the
past several years there has been a tremendous effort by
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several groups of investigators to construct physical and
transcription maps of this region to identify candidate
genes. Within the next several years, we can expect that
additional genes within 22q11 will be identified and that
we will have a better understanding of their function
and role in the development of the complex and variable
phenotype of the 22q11 deletion syndrome.?

HISTORY

Genes are made up of a chemical called DNA and
are housed on larger structures called chromosomes.
Most people have 23 pairs of chromosomes (46 total),
with one of each pair coming from the mother and
the other from the father. Chromosomes are number 1
through 22; the 23rd pair are called sex chromosomes
because they determine a person’s sex (male or female).
The chromosomes are found in every cell in the body.?

In 1981, Dr. de la Chapelle in France, and in
1982, Richard Kelley, M.D., along with Elaine Zackali,
M.D. and Beverly Emanuel, Ph.D. at the Children’s
Hospital of Philadelphia in the U.S.A., found that
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patients with DiGeorge syndrome had a rearrangement
of chromosome 22 which caused them to be missing a
very small piece of chromosomal material on the long
arm (ql1.2) of chromosome 22. This rearrangement
was able to be seen under the microscope. This piece of
information is important, as you will see when you read
on, because most 22q11.2 deletions are not seen under
the microscope because they are too small.?

Over the years, Dr. Emanuel’s group at the Children’s
Hospital of Philadelphia worked very hard to establish the
fact that 25% of patients with DiGeorge syndrome had
a visible deletion of material on chromosome 22 when
they looked under the microscope. But they were still
puzzled about the other 75% of patients with DiGeorge
syndrome who did not have a visible deletion. In 1991,
Deborah Driscoll, M.D., a member of Dr. Emanuel’s
laboratory group, detected a submicroscopic deletion
of chromosome 22q11.2 in the majority of patients with
DiGeorge syndrome using special “molecular” tests.
This meant that although you could not see the material
under the microscope, you could prove that the piece
was absent by using a special DNA test called FISH
(fluorescence in situ hybridization). This test works like
a lock and key. The person in the laboratory has the key
which lights up (fluoresces) if it finds its matching lock
in the chromosomes. If the lock is missing from one of
the pair of chromosomes 22s, only one chromosome 22
will light up in the area in question (q11.2), confirming
that the patient is missing material on chromosome 22.*

The majority of patients who had a 22qll.2
deletion, which caused their DiGeorge syndrome, did
not have an affected parent, therefore, the change in
their chromosome 22 was a “new mutation” in them.
This was and still is important information for families,
because, if the parents’ chromosomes are normal, then
the chance of recurrence in a future pregnancy is quite
low. About 10% of the time, a parent is also affected
with some medical problem like a heart defect and also
has the 22q11.2 deletion. If the deletion is present, then
that individual has a 50% chance of passing on the
chromosome 22 with the deletion to his or her children.
The chance of having more than one child affected when
the parent has the deletion is random (like the chance
of flipping a coin twice in a row and finding “heads”
twice in a row). When a child receives the chromosome
22 with the deletion, the medical problems can be quite
variable. For example, from a very mild heart problem to

a very severe heart problem, or no heart problem at all.?
DEFINITION OF DI GEORGE SYNDROME

(DGS) is a
immunodeficiency, often but not always, characterized

DiGeorge Syndrome primary
by cellular (T-cell) deficiency, characteristic facies,
congenital heart disease and hypocalcemia. DGS is
caused by abnormal formation of certain tissues during
fetal development. During fetal development, various
tissues and organs often arise from a single group of
embryonic cells. Although the tissues and organs that
ultimately develop from this group of embryonic cells
may appear to be unrelated in the fully formed child,
they do have a similar origin.?

Approximately 90% of patients with DGS have a
small deletion in chromosome number 22 at position
22ql1.2. Thus another name for this syndrome is the
22q11.2 deletion syndrome. Other names include
velocardiofacial syndrome and conotruncal anomaly
face syndrome.’

EPIDEMIOLOGY
22q11DS is the most common microdeletion
syndrome in humans. However, population-based

estimates of the incidence and prevalence of 22q11DS
differ. Most studies reported a prevalence of one in every
4,000 newborns; however, reports range from one in
2,000 to one in 6,395.3-2Nevertheless, many researchers
believe that this number is artificially low due to under-
diagnosis. Consistent with this, familial occurrence is
the most frequent cause of diagnosis in adults at some
genetic centers. '

Male and female sexes are affected equally by
22q11DS. In addition, the deletion of 22q11.2 is more
prevalent within certain ethnic groups. Specifically,
22q11DS occurs more frequently among Hispanics
compared with Whites, African Americans, and Asians.’

Generally, >90% of DGS cases are de novo or novel
deletions caused by a random occurrence during fetal
development. An unaffected parent might then carry
the deletion in his or her eggs or sperm, and the risk of
recurrence 18 ~1%. However, it can also be inherited,
and familial autosomal dominant recurrence is reported
in ~8%—28% of patients in various series.” Some cases
appear to have a vigorous diagnosis but no deletion;
35%-90% of patients with DGS and 80%-100%
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of velocardiofacial syndrome patients have the 22q
deletion."

CLINICAL FEATURES

The variability in the clinical expression of del22

syndrome is extremely wide.’ Classical features
of del22 syndrome include CHD, velopharyngeal
insufficiency or cleft palate, facial anomalies, speech
and learning disabilities, neonatal hypocalcemia, and
T-cell immune deficit. Nevertheless, the spectrum of
anomalies associated with del22 is becoming wider and
wider.? Inter-individual variability in del22 phenotype
is characteristic, since subjects with full-blown clinical
expression of the syndrome as well as mildly affected
individuals can be found. The main clinical features of
Del22 syndrome and their occurrence in series of 165

patients are listed in®

Table 1- Main clinical features of Del22 syndrome
and their occurrence in this series

Affected individuals %

Clinical finding

Facial anomalies 165/165 100%
Congenital heart defect 136/165 82%

Speech / Learning
difficulties 132/165 80%
Neonatal hypocalcemia 121/165 73%
T-cell deficiency 97/141 69%
Skeletal anomalies 52/165 32%
Palatal anomalies 51/165 31%
Asymmetric crying face 35/165 21%
Renal malformations 25/165 15%
Genital anomalies 19/165 11%

DIAGNOSIS OF DI GEORGE SYNDROME
Patients

The cohort was composed of 109 patients with
suspicion of 22ql1.2 DS prospectively
selected as part of a multicenter study, the Brazil’s
Craniofacial Project (CFBP). Before data collection,
a standardized clinical protocol was established by all
clinical geneticists, involved in this study. The protocol

clinical

included physical examination, clinical and image

investigation for palatal abnormalities (including data
of nasopharyngoscopy), and cardiologic assessment
(including echocardiogram). Also, included in the
protocol was the collection of each patient’s history of
hypocalcemia and immunologic alterations/recurrent
infections, growth and development, behavioral and
neuropsychiatric disorders, and sensorineural and/or
conductive hearing loss; as well as conducting neurologic,
ophthalmologic, gastroenterologic, genitourinary, and
skeletal evaluation.’

22ql1.2
in individuals

deletion diagnosed

deletion

syndrome is
with a submicroscopic
of chromosome 22 detected by fluorescence in situ
hybridization (FISH), multiplex ligation-dependent
probe (MLPA), or
microarray (CMA). At present, fewer than 5% of
individuals with clinical findings of the 22q11.2 deletion

syndrome have normal routine cytogenetic studies and

amplification chromosomal

normal results on FISH testing; however, this figure may
change as individuals with atypical or nested deletions
within the DGCR (DiGeorge chromosome region) but
not including the area encompassing the N25 or TUPLE
FISH probes are identified using array-based or MLPA
technologies.®

MANAGEMENT OF DIGEORGE SYNDROME

22q11DS is amultisystem syndrome with remarkable
variability and expression among individuals. Moreover,
the presence of one feature does not predict the presence
of any other feature. As such, the management of
22q11DS patients is highly dependent on age and
phenotype;
according to the underlying lesion and severity. '*!!

therefore, treatment is individualized

In infants and young children with feeding problems,

recurrent infections, and structural

cardiac and palatal anomalies might be accompanied by
speech, learning, and/or developmental difficulties. The

hypocalcemia,

combination of poor suck reflexes, palatal weakness,
and dysfunctional swallowing often means that formula
rests in abnormal anatomic locations or regurgitates into
the Eustachian tube or sinuses. Gastroesophageal reflux
is also common in these patients. The management of
feeding difficulties includes thickeners, anti-reflux
medications, and nasogastric or gastrostomic feeding
tubes when necessary. 101!

Hypocalcemia due to hypoparathyroidism is a
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common problem during the neonatal period, but
it could occur at any age, including adulthood. The
standard treatment for hypoparathyroidism is to
correct hypocalcemia using oral vitamin D analogs
and calcium. However, physicians should be careful to
avoid overtreatment, which results in hypercalciuria,
hypercalcemia,  nephrolithiasis,  nephrocalcinosis,
and renal failure.”> Teriparatide recombinant human
parathyroid hormone (1-34) is a promising novel
treatment for chronic hypocalcemia in hypoparathyroid
syndromic children, and it might solve this problem in
the future.*! A recent study demonstrated the efficacy
of parental parathyroid transplantation combined with
allogeneic thymus transplantation in a patient.® Daily
vitamin D is advised for 22q11DS patients of all ages
with hypocalcemia; the dose should be the recommended
daily allowance or as indicated therapeutically.'?

Recurrent infections, particularly otitis media,
might be an important problem during this period, and
hearing loss might occur. Children should be treated
appropriately for infections and followed -carefully
for potential hearing problems. Unrecognized hearing
loss might contribute to delayed speech and cognitive
development, 121415

Reconstituting the immune system is essential for
patients with complete DGS, which can be accomplished
by two methods: thymus tissue transplantation and a
fully matched peripheral blood T-cell transplantation.
Patients with complete DGS need to be protected from
infections and blood products. Antifungal, antiviral, and
antipneumocystis prophylaxis, and immunoglobulin
replacement therapy should be commenced in these
patients. Blood products could induce graft-versus-
host disease when T-cells are absent. If necessary,
patients should receive cytomegalovirus-negative
and irradiated blood products. In addition, live viral
vaccines should be avoided in patients with severe
immunodeficiency.'>! Adverse events following live
immunizations are typically minor and self-limited,
suggesting that live vaccines could be considered in
patients with mild-to-moderate immunosuppression.'é As
mentioned above, hypogammaglobulinemia might
develop in patients with 22q11DS. For example, severe
antibody deficiencies that are associated with lower
respiratory tract infections and autoimmune conditions
might occur. Therefore, patients should be screened for
potential antibody deficiency.!'* Importantly, the degree
of immunodeficiency cannot be predicted based on other
phenotypic features and must be assessed individually in

each patient with 22q11DS."3

Patients with 22q11DS have high death rates.
Most deaths occur during the first year of life, and
are associated with the presence of congenital heart
diseases, particularly severe cardiac defects.'® Right-
sided heart failure, which is related to pulmonary
vascular resistance, is a common complication of
these anomalies, and was proposed to be an important
contributor to mortality." Surgical treatment is
necessary for many of the cardiac problems in patients
with 22q11DS. Nevertheless, individualized surgical
approaches are needed according to the underlying
cardiac lesion in each patient.®> Laryngeal abnormalities
are not rare and are important to recognize, particularly
if cardiac surgery is planned. Therefore, complete ear,
nose, and throat examinations and airway evaluations
should be performed before any surgical procedure.”

As mentioned above, 22ql1DS might affect
many systems, and urinary ultrasonography should be
performed after diagnosis. Children with 22ql11DS
should be screened for scoliosis, and surgical treatment
might be necessary to correct this condition. Symmetric
leg pain is seen frequently in 22q11DS patients during
childhood, whereas asymmetric leg pain suggests
other pathologies. Patients should also be screened for
thyroid function and if necessary, thyroid morphology.
Vomiting is common with 22q11DS, and can indicate a
problem in the gastrointestinal system such as reflux or
malrotation. If indicated clinically, patients should also
be screened for autoimmune disorders such as Celiac
disease. Subjects should also be screened for strabismus
and refractive errors at 2 years or 3 years of age.'>!

The optimal management of patients with 22q11DS
requires a comprehensive team approach, including
specialists in genetics, pediatrics, endocrinology, plastic
surgeons, immunologists, otolaryngologists, and speech
therapists. 22q11DS is not a rare syndrome, and there is
a need to form a local specialist team to ensure optimal
management of affected patients. Appropriate guidelines
for the management of patients are available in the
literature, which contain useful information for physicians
interested in 22q11DS syndrome.'*!*2 22q11DS might
be difficult to recognize and diagnose in some patients,
although the clinical findings for early diagnosis are
known. Early diagnosis provides the best opportunity
for modifying the course of the illness and optimizing
patient outcome.
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CONCLUSION

Symptoms of DiGeorge syndrome can be detected
soon after the birth, especially that concerning congenital
hearth disease. A prompt diagnosis and surgical
intervention can save the child’s life. Because of many
other symptoms, many diagnostic procedures focused
on this syndrome are to be performed, followed by long
lasting stimulative treatment and treatment of seizures
and psychiatric disorders.
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