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Objective: To evaluate the molecular make up of hemoglobin E-Beta thalassemia to facilitate
diagnosis, genetic counseling and prenatal diagnosis in Uttar Pradesh. Design: DNA analysis.
Setting: Referred hemolytic anemia cases to Genetics OPD of a tertiary care center. Subjects: 21
families of HbE-thalassemia of which 19 were of UP origin. Methods: The patient and obligate
carriersin their families were evaluated at hematological, biochemical and molecular level. A total
of 62 cases were evaluated which included the index cases and their family members. Red blood
cell indices, osmotic fragility, hemoglobin electrophoresis, quantitation of fetal hemoglobin,
HbA2/E, serum iron and total iron binding capacity estimation were carried out in all the blood
samples. DNA analysis was done for HbE and beta thalassemia mutations. Results: The
commonest, 1VS-5 (G—>C) mutation (57%) wasfound along with HbE mutation. Only 23/26
cases belonged to the group of common P-thal mutations as described in literature. Conclusion:
Establishment of antenatal diagnostic servicesis necessary in those parts of India where both these
mutations are commonly seen.
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Hemoglobin E, Mutations.

EMOGLOBIN E-Beta thalassemiais a

disorder with a high frequency in
South-East Asa and has been reported
from different parts of India(l-14).Various
factors decide the outcome of the interplay
between this combination of a qualitative
and a quantitative defect of hemoglobin.
The clinical picture produced by the inter-
action is heterogeneous. We report here 26
patients with HDE thalassemia disease
from 21 families where parents are obligate
heterozygotes for HbE and p-thal muta-
tions. An effort has been made to character-
ize the molecular make up of these patients

with a view to develop antenatal services
for such families.

Subjects and M ethods

Twenty sx individuals from 21 families
were diagnosed to be cases of [3
thalassemia HbE interaction. These pa-
tients had been referred to the Genetics
OPD from 1987-1995 for investigation of
refractory anemia. The index cases and
available family members were clinicaly
evaluated and investigated for the cause of
anemia
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Patients Groups

Red blood cdl indices were measured
on automated Sysmax 800. Osmotic fragili-
ty was calculated according to the test de-
scribed by Dacie and Lewig(15). Feta he-
moglobin (HbF) was estimated by akali
denaturation technique(16) and aso by the
methodology of Singerset al.(17). Quantita-
tive estimation of hemoglobin A, (HbA2)
was carried out by column chromatogra-
phy(18). Prepared hemolysates were sub-
jected to Hb electrophoresis on cellogel at
pH 85 in tris-glycine buffer for 90 minutes.
DNA was extracted from peripheral blood
leucocytes(19). Amplification refractory
mutation system (ARMYS) technique(20)
was applied to confirm the presence of
HbE mutation and to characterize the (3
thalassemia mutations.

Follwing primers were used to detect
the presence of HbE:

5 ACCTCACCCTGI GGAGCCAC- *
5 AACCTGCCCAGGGGECTT <

Primers used for detection of the 10
commonest (3-thalassemia mutations found
in Indians were the same as described earli-
er(21,22).

ARMS

The bads of the sysem is the obsarvation
that oligonuclectides that are complementary to
a given DNA sequence, except for a mismaich
a ther 3-OH resdue, will not function as
primers in the FCR under appropriate condi-
tions. A typicd ARMS test consgts of two con+
plementary reactions, one primer for pedific
norma sequence and another for pedific mu-
tant sequence. The genotype of an individua
can be determined by andysis of the amplifica-
tion products. A norma individua generates
PCR products only in the normd reection, a
heterozygote gives products in both reactions,
and a homozygoe mutant individuas does so
only in the mutant reaction.
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Results

Of the 21 families with 26 affected indi-
viduals, 19 belonged to Uttar Pradesh and
one each to Bihar and Haryana. These in-
cluded one Christian, 2 Muslim and 18
Hindu families. The patients were placed
in 2 groups on the basis of age at onset and
requirement for regular blood transfusfons.
Patients with milder phenotype, later age
of onset, without regular need for blood
transfusions were placed in Group A.
Group B consisted of patients with severe
anemia and early age of onset who re-
quired regular blood transfusions to main-
tain Hb levels beyond 6g/dl, except for one
18 year old girl who became symptomatic
at 8-9 year of age but now requires regular
blood support. The age range in this group
was 2-18 years with 7 out of 11 patients
aged below 5 years. In contrast, the age
rangein Group A was 4-38 years with 12 of
the 15 patients being above 5 years and 9
out of 15 subjects older than 10 years of
age.

The hematological parameters of the
two groups are summarized in Tablel. The
mean Hb levelsin Groups A and B were 7.9
and 5.0 g/dl, respectively. The mean cor-
puscular volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular
hemoglobin concentration (MCHC) were
similar in the two groups. Osmoatic fragility
(OF) wasreduced in all patientsto < 80% at
0.36% saline, except for two patients, one in
each group.

HbE percentage was significantly high-
er in Group A with a mean of 53.9% and
range of 24.6-81.0%. Group B showed a
mean value of 41.2% with a range of 17.8-
57.9%. However, the Group B patients with
a severe phenotype had dlightly higher
mean HbF level of 25.1% as compared to
22.0% in Group A. The implication is diffi-
cult to interpret due to the smal sample
size.
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TABLE Y-Hemalological, Biochemical and Molecular Comparison ofHbE-Beta Thalassemia Families.

S Age/ Hb MCV MCH MCHC OF HbE/A2 HbF E/p-thal
No. Sex (grd) (ff (pg (g/dl) (%) COREN\C)
GroupA: 1. 29/M 76 651 173 265 457 810 106 .E/?
Mild 2. 6/M 73 550 390 55.7 266 E/NVISL-5 (G->C)
3. 4IF 100 769 208 270 330 246 . 33 E/Co30 (G-"C)
4. 12/M 108 639 243 382 - 418 301 FEIVS15 (G->0)
5. 34/F 79 610 162 260 440 590 184 E/IVSL-5 (G>C)
6. 22/[F 81 540 202 368 610 473 314 FEIVS15(G-"C)
7. 34M 72 630 195 310 424 699 190 E/CO15(G->A)
8 30/F 69 730 202 202 80 542 203 EIVS-5(G->C)
9. 7/M 71 706 - : 154 520 237 E/Co30 (G->C)
10. 5/M 73 579 - = 248 600 125 E/Co30 (G->C)
1. 19/M 92 780 20 300 480 518 26 E/Co15(G->A)
2. 1YMm 73, 710. 194 273 591 609 194  E/FSH41-42
13" 9/Mm 79 749 219 202 722 3H6 456 E/FSH41-42
14. 20/M 69 600 171 289 387 529 236 E/?
5. 38M 79 620 162 256 410 638 231 E/?
Mean - 79 657 196 296 462 539 20
GroupB: 1. 3/M 54 680 213 314 374 399 209 E/Co16 (-0
Severe 2. 9/M 52 615 - 555 520 238 EIVS-5(G>C)
3. 7IF 56 695 216 3H0O 556 468 20 HIVS-5(G->C)
4. 25/F 56 623 142 230 620 178 240 EIVS-5(G->C)
5 9/M 56 600 140 .233 656 342 313  EIVS-5(G>C)
6. 3/F SIOMSTLON 3 510 579 156 'E/Co15(G->A)
7. 2IM 56 770 240 311 - 19.2 70 E/Co015(G>A)
8 4/M 48 630 183 300 736 483 374 E/IVSI5G>C)
9. 3/M 50 630 208 333 742 426 433 HIVSI5(G>C)
10. 5/M 46 445 207 321 580 461 51 E/IVS15(G->C)
1. 18/F 46 570 208 267 867 482 368 FEIVS-5(G>C)
Mean - 50 639 195 205 620 412 251

Presence of HbE mutation was con-

firmed in all

patients,

on analysis by

ARMS. The (i-thalassemia mutation could
only be characterized in 12 of the 15 pa-
tientsin Group A and all in Group B with a
panel of probes for the 10 most commonly
found mutations in India (Fig. 1).

All the 8/11 (73%) characterized muta-

tions in Group B were IVSI, 5 (G—0),
whereas this was present in only 5/12
(42%) characterized mutations in Group A.
Two siblings from Group A revealed a
frameshift 41-42 (-CTTT) mutation. One
was with Col6 in Group B and two each
with Col5 from both groups were identi-
fied. However, three cases were found to
have an uncommon mutation Co30 (G—C)
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Fig. ] Ethidiwn bromide stained PCR products on
2% agarose gel. Lane 1 - Hae. IB digested x
174 DNA Moluculnr weight marker. It
yields fragments of 1353, 1078, 872. 603,
310, 281, 234, 194 and 118 bp. Lane 2 & 6-
861 and 239 bp fragments corresponding to
Codon 16 (-¢) mutation. Lane 3-861 and 443
bp fragments corresponding to Frame shift
codon 41-42 (-CTTT) mutation. Lane 4-861
and 285 bp fragments corresponding to 1VS
1-5 (G-C) mutation. Lane 5-861 bp fragment
in normal sample used as positive internal
control for PCR amplification.

which was detected by DNA sequencing in
Dr. Hattori's Laboratory, (i-thaassemia
mutations in other three patients of Group
A could not be characterized by the panel
of probes for these 10 mutations.

Discussion

The heterogenecity in clinicd and
hematological picture of HbE/(3-thaa
ssemia interaction is apparent from the re-
sults. Those with severe anemia and early
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age of onset have a disease course similar
to homozygous p-thalassemia while those
with milder anemia and later age of onset
get away with occasiona need for blood
transfusion or completely asymptomatic
course of disease, hemolytic facies being
the only indicator to presence of disease.

High HbF values are known to reduce
the severity of symptoms. In our patients,
however the HbF levels were not very dif-
ferent in the two groups. Hence the factor
responsible for milder phenotype may be
different from the protective values of HbF.

The percentage and range of HbE is sig-
nificantly higher in Group A and is proba-
bly one of the factors responsible for the
mild symptoms of these patients. HbE is a
mild structural variant of (3 globin chain,
being asymptomatic in homozygous state.
The severity of phenotype s, therefore, de-
pendent on the type of (3 thai mutation,
HbE and HbF levels and number of alpha-
globin genes which tend to reduce the se-
verity of disease by altering the ratio of im-
balance of alpha and (3-globin chains. The
two apha-gene deletions in association of
(@ type could be of less severe type as com-
pared to either none or one alpha gene de-
letion in association with p'(12,23,24).

The interaction of genes for apha and
(Jtha, HbE, Hb-constant spring and other
mutations results in a complex variety of
phenotypes(25-27). A remarkable high inci-
dence of deletion and non-deletion type of
alpha thalassemia mutants and its interac-
tion with P-thd have been found in Indi-
ang(27,28). However, in our patients inter-
play of aphathalassemia genes possibily
affecting the EB" phenotype, has not been
ruled out.

The commonest thalassemia mutation
in our patients was IVS15 (G->C). Sur-
prisingly, only 23/26 mutations belonged
to the group of 10 most commonly found



INDIAN PEDIATRICS

(3thd mutations responsible for 97-98% of
al cases of (J thai in India. The 8 mutations
characterized in Group B and 5 in Group A
were IVS-15 (G->C). Thisis a B mutation
and is probably contributory to the severity
of the phenotype.

One family with two affected children
(Chrigtian) showed a frameshift mutation
[FSC 41-42-(CTTT)]. Three patients were
identified to be carrying an uncommon
mutation, Co 30 G—C However, 4 cases
were carrying mutation at Col5 and only in
one case Col6 mutation was identified.
Thus only 4 of the 10 commonest mutations
contributed to our 26 cases of E/p thai in-
teraction.

Our plan isto try and further character-
ize the remaining 3 undiagnosed (Jthai mu-
tations in these patients. Molecular diagno-
ss of HbE is required for fird trimester
antenatal diagnosis besides characteriza
tion of P-tha mutation. An establishment
of this kind of antenatal diagnostic services
is the ultimate aim of the study.
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NOTES AND NEWS

RECENT ADVANCES IN PEDIATRICS FOR PRACTITIONERS

The Lake Side Education Trust with the sponsorship of IAP Karnataka State Branch,
IAP Bangalore Branch and IMA Bangalore East Branch is organizing this event as it's
15th Annual CME Programme on Sunday 27th July 1997 at Hotel Atria, Palace Road,
Bangalore. For further details please contact Dr. H. Paramesh, Chairman, Organizing
Committee, Lakeside Education Trust, 33/4, Meanee Avenue Road, Bangalore 560 042.
Tel: 566723/566738.
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