
A Family with Three f38-Thalassemia Homozygotes

By BRACHA RAMOT, ISAAC BEN-BASSAT, DOROTHEA G�arNI AND REYAD ZAANOON

A GENETIC VARIANT of /3-thalassemia characterized by normal levels of

hemoglobin A2 ( Hb A2) and high levels of fetal hemoglobin ( Hb F) in
the heterozygote has been observed by several authors in different popula-

tions.16 This condition has been termed /Th-thalassemia,7 F-thalassemia,2 /3-

thalassemia type 2 and normal A2 f3-thalassemia.9

The hematological and clinical findings in the /38-thalassemia heterozy-

gotes are similar to those observed in classical /3-thalassemia heterozygotes,

except that in the former, Hb A2 levels are normal, or lower than normal, while

Hb F is considerably elevated ranging from 3.5-36 per cent.”3� As in other

thalassemic syndromes, the fetal hemoglobin is unequally distributed in the

red cells.4’5

Double heterozygotes for this gene and the classical high A2 /3-thalassemia

gene,1’2’5”#{176} /3-chain variants like HbS’112 or the 8-chain variant Hb B213 have

been reported, and have led to the conclusion that the genetic defect in

/36-thalassemia leads to a complete suppression of both /3- and 8-chain

synthesis in cis position. Five homozygotes for f36-thalassemia belonging to

three unrelated families have been reported so far, and have had, as expected,

only fetal hemoglobin in their red cells.’446

In this communication, an Arab family in which three members are homo-

zygotes for /36-thalassemia is described. The clinical and genetic aspects of

this rare form of thalassemia are discussed.

METHODS

In addition to routine hematologic studies, the hemoglobins have been characterized by

the following methods: HbF levels were estimated by the one-minute denaturation method

of Singer et al.’7; Hb A2 levels were determined by the method of Lehmann and Ager.’8

Starch gel electrophoresis of hemoglobin was performed according to Smithies19 using

tris-EDTA-borate buffer, pH 8.6. The intracellular distribution of HbF was studied by the

acid elution method of Kleihauer et al.2#{176}

CASE REPORTS

The propositus is a 25-year-old Arab male who was referred to us because of fatiguability

on exertion and splenomegaly since childhood. The patient recalled that at the age of 17
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Fig. 1.-Peripheral blood smear showing red cell morphology of propositus.

Table 1.-Hematological Data on the Propositus

Hemoglobin 12.3 Gm.%

Erythrocytes 4.9 X 106/cmm

Hematocrit 42 %

M. C. V. 85 /L�

M. C. H. 25 pg.

M.C.H.C. 34 %

Reticulocytes 3.5 %

Bilirubin

Total 2.2 mg.%

Indirect 1.9 mg.%
Serum iron 167 j�g.%

Total iron binding capacity 200 j�g.%

he had been hospitalized elsewhere because of fever and severe anemia necessitating

blood transfusions. Except for this episode he had been healthy and his only complaint

was chronic tiredness. Physical examination revealed a well-developed male without the

bony deformities of thalassemia. A firm spleen was palpable 5 cm. below the costal

margin. The hematological and other relevant laboratory findings are presented in Table 1.

The patient’s red cells (Fig. 1) were hypochromic, microcytic, and many of them were

target cells. A bone marrow aspirate showed a marked normoblastic hyperplasia with an

M:E ratio of 1:10. The osmotic fragility curve showed the presence of a markedly resistant

cell population. Over 90 per cent of the patient’s hemoglobin was alkali-resistant and on

starch gel electrophoresis a single homogeneous band with the mobility of fetal hemoglobin
was seen ( Fig. 2). No Hb A, was detected even when the starch gel was stained with

benzidine. The nonheme protein pattern (carbonic anhydrases B and C) as seen on the

starch gel was of the normal adult type. A peripheral blood smear stained after acid

elution showed that all the cells were homogeneously darkly stained.
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Fig. 3.-Pedigree of f3�-thalassemic family.
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Fig. 2.-Starch gel
electrophoresis of hemo-
lysates of propositus (P,
middle) and normal con-

trols. Tris-EDTA-borate

pH 8.6 Benzidine stain.
Origin left. Note absence
of HbA2 in hemolysate of
propositus.

The acid acetone globin preparation of the patient’s hemolysate was fingerprinted and

the tryptic peptide map was that of pure normal fetal hemoglobin.0
The parents of the patient are first cousins. The father was healthy except for a tuber-

culous infection of the lungs for which he had been treated for several years. On examina-
tion, right subclavicuiar cavernous breathing was the only physical finding. The mother has
always been well and no abnormal findings were detected on physical examination. She

had 12 deliveries and one abortion. Three children died in infancy from unknown causes

and two others died from unrelated disorders. Five of the seven living children were
examined, as well as the children of the eldest sibling. Two additional homozygotes
besides the propositus were found, both of them healthy, well-developed school children
without abnormal physical findings.

The pedigree of the family and their relevant hematologic data are shown in Fig. 3 and

Table 2.

DIscussIoN

A complete absence of Hb A with the persistence of fetal hemoglobin as the

single or main component beyond the fetal period is known to occur in four

0Kindly performed by Dr. E. R. Huehns, University College Hospital Medical School,

London.

I

It .

0- E Normal.

Z Not examined

C - III IB� thalassemia

S - .. “
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genetic disorders : some variants of homozygous /3-thalassemia,22’23 some

double heterozygotes for /36-thalassemia and classical high Hb A2 /3-

thalassemia,2’5”#{176} homozygous persistent fetal hemoglobin gene of the African

type,2427 and f36-thalassemia homozygotes.’41#{176} In the latter two conditions

there is also a complete suppression of 8-chain synthesis as evidenced by the

absence of Hb A2. Theoretically, double heterozygosity for /38-thalassemia

and persistent fetal hemoglobin genes, a combination not yet reported, would

result in a similar hemoglobin phenotype.

The clinical findings in the conditions mentioned are different: thus homo-

zygotes for /3-thalassemia usually present with a severe and often fatal anemia,

while /38-thalassemia patients are slightly anemic or have a compensated

hemolytic process. Homozygotes for the persistent fetal hemoglobin gene are

normal. The differential diagnosis between the last two conditions must depend,

however, on family studies as the heterozygous state is more distinctive.

The normal Hb A2 levels in the parents rule out the possibility that the

three siblings with only fetal hemoglobin represent homozygote variants of

high A2 /3-thalassemia, or double heterozygotes for /3-thalassemia and /36-

thalassemia genes. This is further supported by the complete absence of Hb A2

in the three homozygotes, since 8-chain synthesis is not completely suppressed

in these states.27 Therefore, the differential diagnosis rests between homozygous

/38-thalassemia and persistent fetal hemoglobin.

The parents have fetal hemoglobin levels of 6.5 per cent and 16 per cent,

which are relatively low for heterozygotes of the African type of persistent

fetal hemoglobin whose HbF levels amount usually to 20-40 per cent.25 Lower

levels are found in the Greek type of persistent fetal hemoglobin, but in con-

trast to the African type this disorder is not expected to cause a complete

suppression of Hb A in the homozygote.27’28 The morphology of the red cells

in the parents of the present family is compatible with thalassemia and not

with persistent fetal hemoglobin, where only minor changes such as a few

target cells may be seen.25

The definite differentiation between these two conditions is the acid elution

pattern of the parents’ red cells: in both HbF was found to be distributed

heterogeneously, which is typical of thalassemia.4

The Italian patient with homozygous f38-thalassemia described by Brancati

and Baglioni14 had a moderate anemia, slight jaundice and a considerable

hepatosplenomegaly. The peripheral blood smear showed hypochromia, ani-

socytosis, poikilocytosis and schisocytosis, numerous target cells and erythro-

blasts.

The Sicilian family described by Silvestroni et al.’6 presented a hematologic

picture very similar to our family. There were three siblings homozygous for

f36-thalassemia. Except for the propositus who had a slight anemia with

moderate hepatosplenomegaly, the other two sisters were in good health with-

out splenomegaly and anemia. Nevertheless, all had a typical thalassemic

morphology and increased osmotic resistance. Similarly, our propositus has a

well-compensated hemolytic process while his two siblings have an almost

normal hematologic status.
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Our three cases add further evidence that f38-thalassemia homozygotes

have a very mild disorder. It seems that they are able to compensate very

effectively for the completely suppressed /3- and 6-chain synthesis by an

adequate y-chain synthesis, thus binding all a-chains synthesized and main-

taming an almost normal hemoglobin level. The balanced chain synthesis

precludes the deleterious intracellular precipitation of free a-chains.

An almost identical picture can be seen in homozygotes of persistent fetal

homoglobin. The single reported homozygote of this disorder was extensively

studied24�27’29’30: he appeared to be in excellent health without any evidence

of anemia, hemolytic disorder or enlargement of the spleen. Nevertheless,

marked abnormalities of the erythrocytes were present. The erythrocyte car-

bonic anhydrase amounts were normal as in adults. However, the hexokinase

isoenzymes showed a pattern characteristic of fetal cells.3#{176}Moreover, Charache

et al.29 observed a number of other fetal characteristics in the red cells of this

homozygote, such as a high hematocrit, increased oxygen affinity which could

not be ascribed to the high HbF content, and “i” antigen reactivity similar to

fetal cells. Similar findings were found in the heterozygote individuals. These

observations suggest that while some red cell enzymes, as carbonic anhydrase,

are differentiated toward the adult cell pattern, the differentiation of the

hemoglobin type and other characteristics are hampered by the gene for the

persistence of HbF.

There is no satisfactory hypothesis that will account for the observed clinical

differences between homozygous hereditary persistence of HbF and homo-

zygous f36-thalassemia. Several authors5’9’25 have suggested that a regula-

tory gene controlling the switchover from the synthesis of HbF to the syn-

thesis of HbA-Hb A2 is involved in the hereditary persistence of HbF of the

African type. Although no direct evidence exists, this explanation seems plausi-

ble in view of the findings of other fetal characteristics in these red cells. On

the other hand, Brancati and BaglionP4 concluded that the most likely explana-

tion of /36-thalassemia is a partial or complete deletion of the closely linked

/3- and 6-chain genes. A study on other red cell characteristics such as hexo-

kinase isoenzymes and oxygen affinity in these homozygotes is indicated, as it

may throw light on the genetics of this disorder.

/38-thalassemia has been reported in Italians,1’16 Greeks,2’3’5 Negroes4”3

and Thais,#{176} but its incidence is unknown. Malamos et al.3 estimated that 10

per cent of Greeks with thalassemia have this type of disorder. The incidence

of thalassemia is high in some ethnic groups of the Israeli population, espe-

cially the Kurdish Jews. Yet several surveys31’32 have not revealed any such

cases. On the other hand, the types and incidence of thalassemia occurring

amongst the Israeli Arab population has not been investigated. A survey is

now being conducted with special attention to the described form of thalas-

semia.

SUMMARY

An Arab family with three homozygotes for /38-thalassemia is described.

The single hemoglobin present in their red cells is fetal hemoglobin. A mild

hemolytic condition was seen in the propositus, while the two other siblings
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are completely normal. The main differential diagnosis of this condition is

homozygosity for persistent fetal hemoglobin gene.
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