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Detection of rare deletion mutation in the alpha-globin
gene locus establishes a diagnosis of Hb H disease

CAP TODAY and the Association for
Molecular Pathology have teamed up to
bring molecular case reports to CAP
TODAY readers. AMP members write

the reports using clinical cases from their own practices that
show molecular testing’s important role in diagnosis, prog-
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The alpha-globin gene locus (Fig. 1A)
contains two alpha-globin genes:
HBAT and HBA2. An upstream reg-
ulatory region, known as HS-40, is
essential for alpha-globin gene ex-
pression.'” The loss or inactivation of
one or two alpha-globin genes is not
clinically significant while the loss or
inactivation of all four alpha-globin
genes results in a lethal condition
known as hemoglobin (Hb) Barts
hydrops fetalis syndrome, the most
severe form of alpha-thalassemia.
The loss or inactivation of three al-
pha-globin genes results in a form of
alpha-thalassemia known as hemo-
globin H (Hb H) disease.

Hb H disease has a variable phe-
notype. Hb H disease caused by
deletions in the alpha-globin gene
locus is associated with moderate
anemia, microcytosis, and hypochro-
mia. In contrast, nondeletional Hb H
disease, caused by a point mutation
or small insertion/deletion in one of
the alpha-globin genes, is associated
with a more severe anemia, and pa-
tients are likely to be transfusion
dependent.
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case report

Patients with Hb H disease are
often diagnosed after being seen for
microcytic anemia or other indica-
tions, such as infection, hepatospleno-
megaly, cholelithiasis, or severe ane-
mia during pregnancy. For patients
with low MCV, Heinz bodies after
brilliant cresyl blue staining of blood
smears, or Hb H and /or Hb Barts by
high-performance liquid chromatog-
raphy or gel electrophoresis, the dif-
ferential diagnosis should include Hb
H disease, hemolytic anemia, and
alpha-thalassemia X-linked intellec-
tual disability (ATRX) syndrome.
Molecular genetic testing is used to

nosis, and treatment. The following report
comes from Quest Diagnostics. If you
would like to submit a case report, please
send an email to the AMP at amp@amp.org.

For more information about the AMP and all previously
published case reports, visit www.amp.org.

confirm a diagnosis of Hb H disease
and provide information for genetic
counseling.

Patient case. A 50-year-old Afri-
can-American male was evaluated
by his primary care physician be-
cause of anemia. Several years prior,
the patient had gastrointestinal
bleeding and was diagnosed with
colon cancer. He was anemic and
transfused at that time as part of his
treatment. His primary physician
ordered blood smears and iron stud-
ies to investigate the cause of his
anemia. The blood smears revealed
microcytosis and the presence of
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Fig. 1. Structure of the alpha-globin gene locus. A. Normal arrangement of HBA1, HBA2, and HS-40. Each
alpha-globin gene locus contains two alpha-globin genes, HBAT and HBAZ. HS-40 is the upstream regulatory
region required for alpha-globin gene expression. The alpha-globin gene locus also contains two non-functional
pseudogenes. B. Genotype for the patient. One chromosome has the -alpha3.7 deletion; the other chromosome

has the -alpha3.7 deletion and an HS-40 deletion.
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target cells, indicating microcytic
anemia. Iron studies indicated that
all tested parameters were within the
normal reference ranges (Table 1).
Iron deficiency was ruled out as a
cause of the patient’s anemia. The
hemoccult test was positive at the
time of his visit to the specialist.

The causes of anemia include se-
vere iron deficiency, thalassemia, and
chronic diseases (e.g. chronic infec-
tion or inflammatory processes).?
Anemia may also be idiopathic. The
hematologist ordered a hemoglobin-
opathy evaluation (CBC and hemo-
globin HPLC) to investigate the pos-
sibility of thalassemia as the cause of
this patient’s anemia. The RBC indi-
ces (Table 2) clearly showed that this
patient was severely anemic.

The hemoglobin HPLC (Table 3)
was normal, with the exception of the
Hb A, level, which was slightly be-
low the lower limit of the normal
range. However, unstable Hb vari-
ants, such as Hb H, Hb Barts, or Hb
Constant Spring (Hb CS), are not al-
ways detected by hemoglobin HPLC
or gel electrophoresis. As a result, to

Table 1. Iron studies for the patient

rule out alpha-thalassemia as a cause
of this patient’s anemia, molecular
testing for mutations in the alpha-
globin locus was performed.

The most common mutations
causing alpha-thalassemia are large
deletions. Moreover, seven common
deletions, -alpha3.7, -alpha4.2, -SEA,
--MED, --FIL, --THAI, and --20.5,°
account for approximately 85 percent
of all alpha-thalassemia mutations.”
Testing for these common deletions
was performed using a multiplex
gap-PCR assay.® This testing indi-
cated that the patient is homozygous
for the -alpha3.7 deletion. The -al-
pha3.7 deletion generates a func-
tional alpha-globin fusion gene that
consists of exon 1 of the HBA2 gene
and exons 2 and 3 of the HBA1T gene.
Therefore, the test results indicated
that the patient has two functional
alpha-globin genes, a result that was
inconsistent with his severe anemia.

To confirm that the patient is ho-
mozygous for the -alpha3.7 deletion
(genotype -alpha3.7/-alpha3.7) and
not heterozygous for the -alpha3.7
deletion and a rare, two alpha-globin
gene deletion (genotype
-alpha3.7/large dele-
tion), alpha-globin gene

Parameters ‘ Case ‘ Normal reference range d osage (i e. copy num-
Ferritin (ng/mL) 203 20-380 ber) was cie;cermi}rlled us-
Iron (mcg/dL) 61 50-180 ing a semiquantitative
TIBC (mcg/dL) 264 250-425 fluorescent PCR assay.>’
% saturation 23 15-60 This assay measures the

Table 2. Red blood cell indices for the patient
Hb H disease

Normal

Indices Case

relative dosage of am-
plification products de-
rived from the HS-40

reference range reference range . .

region, nonfunctional

Hbg (g/dL) 8.9 14.9-16.9 8.7-10.3* seudocenes. and re-
MCV (fL) 52.7 83.99-94.01 57-65* gions fpanr;ing the
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Table 3. Hemoglobin analysis for the patient

confirmed that the pa-
tient is homozygous for

Hb type Case Normal Hb H disease the -alpha3.7 deletion.

reference range | reference range [ERSSY expectedly, this as-
Hb A (%) 97.3 96-98 60-90 say also revealed the
Hb A,(%) 1.7 23 <2.0 presence of a deletion
Hb F (%) <1 <1 <1 that removes the HS-40
Hb H (%) 0 0 0.8-40 regulatory region on
Hb Barts (%) | 0 0 2-5 one chromosome. Due

to the nature of the methodology
used, the precise size and break-
points of this deletion could not be
determined. However, the data indi-
cate that the deletion extends at least
11-kb upstream of the HS-40 region
but not into the downstream pseu-
dogene region (Fig. 1B).

The test results indicate that the
patient has two alpha-globin fusion
genes that should be functional.
However, the HS-40 regulatory re-
gion is deleted on one chromosome.
Since the HS-40 regulatory region is
required for the expression of the
alpha-globin genes on the same chro-
mosome,'? the fusion gene on the
chromosome with the HS-40 deletion
is expected to be nonfunctional. Con-
sequently, this patient has only one
functional alpha-globin gene, which
is consistent with a diagnosis of Hb
H disease. Since deletions in the al-
pha-globin gene locus are the cause
of this patient’s Hb H disease, he is
expected to have the milder form of
Hb H disease.* As a result, it would
not be surprising that his anemia was
undiagnosed until he presented with
Gl bleeding and colon cancer. Unfor-
tunately, we do not have information
on the time course of his anemia.

Nonetheless, the RBC indices in-
dicated this patient has anemia that
is more severe than expected for an
individual with the deletional form
of Hb H disease (Table 2). The GI
bleeding this patient experienced
could cause iron deficiency, which
would increase the severity of his
anemia. However, adult patients
with Hb H disease can have iron
overload.* Because this patient’s iron
indices were in the normal range
(Table 1), iron overload from Hb H
disease could be compensating for
the iron deficiency caused by GI
bleeding. As a result, it is likely that
both GI bleeding and Hb H disease
have contributed to the severity of
this patient’s microcytic anemia.
Continued monitoring would be
necessary to determine whether this
individual’s anemia is less severe if



the GI bleeding resolves. Genetic
counseling and testing of at-risk fam-
ily members are recommended.

Discussion. It is straightforward
to diagnose patients who have micro-
cytic anemia that is caused by a single
etiology. However, when there are
multiple contributing factors, such as
the GI bleeding and Hb H disease in
our patient, interpreting the test re-
sults is more difficult. An iron study
inisolation (Table 1) may be mislead-
ing because adult patients with Hb H
disease can have iron overload. A
comprehensive evaluation of iron
studies, RBC indices, hemoglobin
HPLC or gel electrophoresis, molecu-
lar testing, and clinical information is
often necessary to arrive at the correct
diagnosis and enable the selection of
the appropriate management/ treat-
ment plan for the patient.

Large deletions are the most com-
mon molecular basis for alpha-thal-
assemia. The -alpha3.7, -alpha4.2,
--SEA, --MED, --FIL, --THAI, and
--20.5 deletions are the most common
deletions causing alpha-thalas-
semia.*” As a result, testing for these
deletions is usually the first-tier mo-
lecular test when alpha-thalassemia
is suspected (Fig. 2). In our case, the
first-tier testing indicated the patient
is homozygous for the -alpha3.7 dele-
tion. Additional testing for rare dele-
tions resulted in the detection of a
deletion involving the HS-40 regula-
tory region, which enabled the diag-
nosis of Hb H disease for this patient.
Thus, it is necessary to perform ad-
ditional testing for rare deletions and
other types of mutations before ex-
cluding a diagnosis of Hb H disease.

In addition, when investigating
the possibility that thalassemia is the
cause of microcytic anemia, hemo-
globin HPLC or gel electrophoresis
provides clues to the etiology of the
anemia by detecting abnormal hemo-
globins. However, some unstable
hemoglobin variants, such as Hb H,
Hb Barts, and Hb CS, may be diffi-
cult to detect or not be detected by
HPLC or gel electrophoresis. Mo-
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Suspicion of alpha-thalassemia in alpha-globin gene locus
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Molecular diagnosis of Hb H disease

Fig. 2. Molecular diagnosis for Hb H disease in alpha-globin gene locus. Testing for common large
deletions in the alpha-globin gene locus is the first-tier molecular test for Hb H diseases. If deletions
removing three copies of alpha-globin genes are detected, the patient is diagnosed with Hb H disease.
However, if a deletion or deletions removing only one or two alpha-globin genes are detected, alpha-
globin gene sequencing to detect point mutations and small insertion or deletions can be performed
to determine if the remaining alpha-globin genes are functional. In addition, testing for rare large
deletions can also be performed to determine if rare deletions contribute to the loss of alpha-globin gene
function. The presence of only one functional alpha-globin gene will confirm a diagnosis of Hb H disease.

lecular genetic analysis of the alpha-
and/or beta-globin genes can be
used to confirm the hemoglobin
analysis findings. Therefore, molecu-
lar analysis is crucial to confirm or
rule out thalassemia as a cause of
anemia. Without molecular analysis,
the diagnosis of Hb H disease would
not have been made for this patient.
In summary, molecular analysis is
critical in confirming the diagnosis of
Hb H disease, although the diagnosis
must be supported by the clinical
presentation and other laboratory
tests. Determining the genotype of an
individual affected by Hb H disease
using molecular methods provides
information for genetic counseling
and reproductive planning and as-
sists in predicting the severity of the
disease in affected individuals. [
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case report
Test yourself

Here are three questions taken from the
case report. Answers are online now at
www.amp.org/casereports and will be pub-
lished next month in CAPTODAY.

1. Hb H disease is usually caused by the
loss of expression of what number of
alpha-globin genes?

a) one

b) two

c) three

d) four

2. Which of the following is not
one of the seven common alpha-
thalassemia deletion mutations?
a) -alpha3.7 deletion

b) --SEA deletion

c) --FIL deletion

d) HS-40 deletion

3. Hemoglobin HPLC analysis may
not be able to detect Hb H, due to its:
a) low molecular weight

b) poor stability

¢) high molecular weight

d) low quantity



