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A B S T R A C T In Italian patients with high hemoglobin
A2 fl-thalassemia trait, the synthesis of P-chains of
adult hemoglobin in the peripheral blood is approxi-
mately one-half that of a-chains. In this study the rela-
tive rates of f- and a-chain synthesis were determined
in 26 Negro heterozygotes and five homozygotes for
fi-thalassemia in six families. The 8/a ratio of globin
synthesis was decreased in only 15 heterozygotes, where-
as in the other 11, fl/a globin synthesis was in the
normal range or was slightly increased. These unusual
findings did not appear to be due to the presence of
a-thalassemia or a hyperactive "normal" fl-allele. This
study demonstrates that the f8/a ratio of globin synthesis
in the peripheral blood is normal in some patients with
P-thalassemia trait. In five Negro homozygotes with
relatively mild clinical disease the f/a ratios were simi-
lar to those of Caucasians with Cooley's anemia. Further
studies are needed to explore the relationship between
normal synthesis ratios in many Negro heterozygotes
and milder clinical disease in homozygotes in the same
families.

INTRODUCTION

fl-Thalassemia trait is a common disorder in the Negro,
occurring with an incidence of approximately 0.8% in
the United States (1) and Nigeria (2). Hematological
findings including red cell morphology and levels of
hemoglobin A2 (Hb A.) and hemoglobin F (Hb F) are
similar in Negro and non-Negro patients with P-thalas-
semia trait (2-4). Homozygous fi-thalassemia in the
Negro has been reported infrequently with approxi-
mately 20 cases appearing in the American literature
(5). In general these patients have had a milder clinical
disorder than patients with homozygous fi-thalassemia
in other racial groups. The reasons for the generally
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higher hemoglobin levels and decreased needs for trans-
fusion in Negro homozygotes are not known.

We have studied globin synthesis in the heterozy-
gotes and homozygotes of six Negro families with f8-
thalassemia in order to compare their biochemical find-
ings with those seen in other racial groups.

METHODS
Patients. Six Negro families that included five patients

with homozygous f8-thalassemia and 26 members with hetero-
zygous f8-thalassemia have been studied. The hematologic
data on these patients are summarized in Table I.

The "S" family included two sisters aged 51 and 50 yr
with homozygous fi-thalassemia. The older unmarried sister
has been anemic all of her life. She has been transfused
regularly with 1 U of packed red blood cells every 2 mo
since 26 yr of age. She is short in stature and has marked
hepatosplenomegaly and cardiomegaly with compensated con-
gestive heart failure. She sustained two fractures of the
right humerus and a compression fracture of the body of
a lumbar. vertebra in the past 10 yr, presumably due to a
weakening of the bones by excessive hematopoiesis. The
younger sister was married and had one child. She was
first seen in Jefferson Hospital at age 26 for marked cardio-
megaly and hepatosplenomegaly with a hemoglobin con-
centration of 2.5 g/100 ml. Since then she had been trans-
fused on a regular basis with 1i U of blood per mo. In
1957 she underwent splenectomy for severe splenic pain and

*hypersplenism. After surgery she did not require blood
transfusions for 2 yr. In 1970 she began to suffer from
headaches that were presumably due to pressure from hema-
topoiesis in the frontal bones of her skull. The headaches
stopped when transfusions were administered more fre-
quently. She died recently in cardiac failure due to severe
hemosiderosis. Ferrokinetic studies in both sisters have been
previously reported (6). The pedigree of this family is
shown in Fig. 1.

The propositus in the "M" family was a 33-yr old woman
with thalassemia major. At age 20 she was found to have
hepatosplenomegaly and a hemoglobin concentration of 4.5
g/100 ml. From that time on she received 1 U of blood each
month. She had multiple hospitalizations for pericarditis,
thrombophlebitis, cholecystitis, and spontaneous abortion.
Her operations included removal of an ectopic pregnancy,
cholecystectomy, splenectomy, and oophorectomy. In 1967,
a chest X-ray examination revealed soft tissue masses
compatible with extramedullary hematopoiesis on both sides
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FIGURE 1 Pedigree of family S. The numbers below the
symbols are the f8/a ratios.

of the dorsal spine. This patient died recently. The cause
of death was cardiac arrhythmia due to severe hemosiderosis
and fibrosis of the myocardium. Her 52-yr old mother has
sickle fi-thalassemia. She has had intermittent severe low
back pains and cardiomegaly with congestive heart failure
controlled by digitoxin, diuretics, and an occasional blood
transfusion. She has hepatomegaly but her spleen is not
palpable. Her sclerae are mildly icteric. The pedigree of this
family is shown in Fig. 2.

The "R" family has four members with f-thalassemia
trait or sickle f8-thalassemia (Fig. 3). The "H" family has
been previously described (7). This family contains two
girls ages 11 and 8 with homozygous fi-thalassemia. The
members of the "N" and "P" families with high Hb A2
fi-thalassemia trait are listed in Table I.

21 control subjects without evidence of thalassemia, 7
homozygotes, and 11 heterozygotes for f-thalassemia of
Italian, Greek, and English ancestry were also studied.

Laboratory studies. Hematologic studies were done by
standard methods (8). Hemoglobin A2 levels were deter-
mined by starch granule electrophoresis (9). The normal
range by this method in our laboratory is 1.8-3.3% (mean
±2 SD). Hb F levels were determined by alkali denatura-
tion (10). Normal subjects have less than 2% Hb F.

Globin synthesis studies. Globin synthesis in the periph-
eral blood was studied by methods previously described (11-
13). Peripheral blood was incubated with [14C]leucine for 2
h, the a- and u-chains were separated, and radioactivities
and specific activities were determined for each chain. In
the heterozygotes, where less radioactivity was incorporated
and a- and f-chain pools were approximately equal, fl/a
ratios of specific activity were used to express relative syn-
thesis of globin chains. In the homozygotes, where large
amounts of radioactivity were incorporated during the
incubation and where an excess of nonradioactive a-chain
might be present, f8/a ratios of radioactivity were used to
express relative globin synthesis. In the one study of globin
synthesis in the bone marrow, 4 ml of aspirated marrow was
studied in a manner identical with that of peripheral blood.

RESULTS
The hematologic and globin synthesis data on the mem-
bers of the Negro families are summarized in Table I

I

II

in

Heterozygous 13 -Tholassemia (High Hb A2)

@ Sickle Cell Trait

@ Heterozygous 6 - Chain Abnormality

D Not Examined

FIGURE 2 Pedigree of family M. The numbers below the
symbols are the f/a ratios.

and Figs. 1-3. Serum iron levels were determined and
were found to be normal in all the heterozygotes in
family S; in patients I-2, II-2, and II-5 in family M;
I-2 in family R; and I-1 in family P.

The 24 patients with fi-thalassemia trait were identi-
fied by elevated levels of Hb A2, abnormal red cell
morphology, and genetic studies. In each of these pa-
tients the Hb A2 value was elevated, the mean for the
group being 5.47±0.69 (1 SD). 12 of these 24 hetero-
zygotes had elevated levels of Hb F, the highest being
5.5%. The mean percentage of Hb F for the entire
group was 2.35±1.40 (1 SD). These findings are simi-
lar to those of Caucasians (14) and Negroes (3) with
fi-thalassemia trait previously reported. Two family
members with sickle f8-thalassemia were also included
to make a total group of 26 heterozygotes. They were

I'm,,\ 2m
0.93

I

II l;D 2ii& 36 4

El 5;

0.69 0.83 0.71

Heterozygous /J-Thalossemia
[l (High Hb A2)

J Sickle Cell Trait

FIGURE 3 Pedigree of family R. The numbers below the
symbols are the ,f/a ratios.
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identified by genetic studies, abnormal red cell morphol-
ogy, a preponderance of Hb S and a small amount
(family R, II-5) or an absence of Hb A (family M,
I-1) on electrophoresis. The Negro homozygotes in-
cluded three adult patients who needed transfusions
and two children who maintained adequate hemoglobin
levels without therapy. Each of these patients had ele-
vated levels of Hb F and abnormalities of red cell
morphology which were similar to those in non-Negro
patients.

The mean f8/a ratio in the control group was 0.99
±0.05 (1 SD). The Caucasian patients with P-thalas-
semia trait and high levels of Hb A2 had a mean fl/a
ratio of 0.57±0.08 (1 SD). Ratios reported for Cau-
casian heterozygotes from other laboratories are similar
to those in our group (15-17). The seven Caucasian
homozygotes had a mean fl/a ratio of 0.17, with a range
from 0.02 to 0.25. Ratios in homozygotes reported by
other laboratories ranged from 0 to 0.24 (15-19).

The values of the f/a ratios in the Caucasian group
with 8-thalassemia trait did not overlap those of the
control group. In contrast, the fl/a ratios of the Negro
group with heterozygous fl-thalassemia ranged from
0.52 to 1.38, overlapping the Caucasian heterozygotes
and the control group (Fig. 4). 11 of the 26 Negro pa-
tients had f/a ratios within the normal range or above.
The mean fl/a ratio of the Negro group was 0.84±0.21
(1 SD).

The fl/a ratios in the five patients with homozygous
fl-thalassemia ranged from 0.13 to 0.25, values similar
to those found in Caucasians. Studies of globin synthesis
in the bone marrow of two of these patients (family
"H", daughters 1 and 2) have been previously re-

6-THALASSEMIA | -THALASSEMIA CONTROLS
MAJOR TRAIT

CAUCASIAN NEGRO CAUCASIAN NEGRO
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FIGURE 4 8/a Ratios in the five groups studied. The mean
of each group is indicated by a horizontal line.

ported (7) and were also found to be similar to those
in Caucasian patients.

Peripheral blood and bone marrow studies were done
on one Negro heterozygote (family "S", I-8). The fl/a
ratio in the peripheral blood was 1.03, and that in the
bone marrow was 1.13. There was 22 times as much
radioactivity incorporated in the bone marrow sample
as in the same volume of peripheral blood. There were
adequate iron stores in the marrow.

Studies of three Negro patients were repeated on a
second occasion to test the constancy of the unusual
findings in this group. The results using the same
methods have been found to be highly reproducible in
our laboratory and by others (17). The paired results
in patients 1-2 and I-8 from family "S" and the mother
from family "P" were 1.38 and 1.36, 1.03 and 1.02, and
0.69 and 0.68, respectively. The second study in the
first two patients was done 2 yr after the first study,
while the interval for the third patient was 2 mo. These
results indicate that the f8/a ratios in these patients,
whether high, normal, or low, did not vary with time.
Two chromatographic studies are shown in Fig. 5.

Several patients in families S and M were found to
have Hb A2', a 6-chain variant found commonly in
Negroes (20) (Figs. 1, 2). The Hb A2 values given
for these patients (Table I) are the sum of the Hb A2
and Hb A2' bands on starch block electrophoresis.

DISCUSSION
fl-Thalassemia is an inherited disorder of hemoglobin
synthesis found in many ethnic groups, including Ital-
ians, Greeks, Turks, Arabs, Indians, Southeast Asians,
and Chinese. The most common heterozygous form of
this disorder is associated with hypochromia, microcy-
tosis, an elevated red cell count, and a high level of
Hb A2. In many of the patients with elevated Hb A2,
there is also a mild elevation of Hb F. Although the
heterozygotes are usually asymptomatic, they may have
mild anemia. The clinical features of fl-thalassemia trait
in the Negro do not seem to differ from those seen in
other ethnic groups. The mean Hb A2 level in the 24
Negro heterozygotes in this study was 5.5%, a value
similar to those of Negro heterozygotes (5.1%) previ-
ously reported (3). The mean Hb F level (2.3%) and
the range of Hb F are also similar to those previously
reported (3).

Homozygotes for P-thalassemia in the non-Negro
groups usually have severe clinical disease which starts
in the 1st yr of life, requires frequent blood transfusions
and results in death during or before the third decade
of life. In contrast, most Negro homozygotes have a
relatively mild disease, frequently live to the fourth
decade and beyond and occasionally give birth with
uneventful pregnancies. Although some of the patients

1456 S. Friedman, R. W. Hamilton, and E. Schwartz
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FIGURE 5 Chromatograms of globin from patients I-8 (A) and II-5 (B) in family S. The
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(B). The first patient was studied on separate occasions 2 yr apart, with similar results each
time.

do not need regular transfusions, others may develop
symptoms of severe anemia in the third or fourth decade
necessitating the initiation of a regular transfusion pro-

gram (21). The three Negro adult patients reported
here were well until they were approximately 20 yr old,
when decreasing hemoglobin levels necessitated trans-
fusion therapy on a regular basis. The prognosis of
young Negro children with homozygous P-thalassemia is
therefore guarded, despite relative well-being earlier in
life. The reason for the generally milder clinical disease
in Negro patients and the deterioration in some of them
as they grow older is not known.

In normal persons there is equal synthesis of a- and
$-chains in peripheral blood reticulocytes. In Caucasians
with heterozygous P-thalassemia, the synthesis of f-

chain is approximately one-half that of a-chain in the
peripheral blood (15-17). The results of peripheral
blood studies in the Negro heterozygotes reported here
differ markedly from those in Caucasians. Reports of

unexpected results in Negro heterozygotes have also
recently appeared in abstracts (22, 23). Only 58% of
the Negro patients in our studies had deficient f8-chain
synthesis, whereas the remainder were in the normal
range (mean ±2 SD) or above. These two groups of
Negro heterozygotes could not be distinguished by dif-
ferences in hemoglobin concentrations, red cell indices,
Hb A2 or Hb F levels. Repetition of the globin syn-

thesis studies in three patients with high, normal, or

low f/a ratios, as well as in other patients studied in
out laboratory, indicates that the results are reproducible
and are characteristic of globin synthesis in any patient.

An analysis of the pedigrees shows the distribution of
different globin synthesis ratios within individual fami-
lies. Both types of patients with fl-thalassemia trait (low
fl/a ratio, normal f8/a ratio) are found in each of three

families (Figs. 1-3). In another family (H) all high
Hb As heterozygotes had globin synthesis ratios within
the range of normal controls, although in a fifth family

p-Thalassemia in the American Negro 1457
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(N) both heterozygotes had low P/a ratios (Table I).
In family "S", patient 1-8 had a normal 8/a ratio,
whereas her daughter (II-5) and granddaughter (III-
3) had ratios of approximately 0.5 (Fig. 1). These
findings could possibly be due to the presence of both
a-thalassemia and 8-thalassemia in patient I-8, with a
lack of transmission of a-thalassemia to her daughter.
In both Italian and Chinese patients, doubly heterozy-
gous for a- and 8-thalassemia, the P/a ratios have
ranged from 0.95-1.03 (17). Further analysis of family
"S" indicates that unusual ratios were most probably
not due to the modifying influence of a-thalassemia. Pa-
tient I-2 with 9-thalassemia trait had a high ratio of
1.38, whereas her two daughters (II-1, 11-2) with homo-
zygous P-thalassemia had 8/a ratios of 0.22 and 0.25, in
the range of those found in Caucasians with Cooley's
anemia (15-19) (Fig. 4). The daughter (III-1) and
granddaughter (IV-1) of one of the homozygous pa-
tients (II-2) had balanced globin synthesis. In an
Italian patient with homozygous 8-thalassemia and
heterozygous a-thalassemia and a relatively mild clinical
disorder, the 8/a ratio was 0.45, indicating the modify-
ing effect of the a-thalassemia gene on the expression
of the two P-thalassemic genes (17). The globin syn-
thesis ratios in the two Negro homozygotes in family
"S" show no evidence of a modifying effect of an a-
thalassemia gene. The daughter (III-1) of one homo-
zygote inherited a gene for 8-thalassemia from her
mother but did not inherit a-thalassemia from either
her mother (8/a = 0.22) or father (,8/a = 0.95). The
normal globin synthesis ratios in patients III-1 and
IV-1 thus are not due to the presence of a-thalassemia.
Indeed, it would be highly unlikely to find a-thalassemia
trait in 42% of the 8-thalassemia heterozygotes in this
study, when the incidence of a-thalassemia in the Negro
is approximately 2% (24). No patients with simple a-
thalassemia trait were found in any of the Negro fami-
lies included in this study. The presence of an inter-
acting gene for the silent carrier state of a-thalassemia
in some of the patients could not be ruled out by these
studies.

Itano (25) has postulated the existence of several
normal globin chain alleles which differ in their syn-
thetic capacities. The presence of a hyperactive 8-chain
allele in the trans position to the thalassemic gene in
some heterozygous patients might explain the occur-
rence of balanced globin synthesis ratios in these pa-
tients. A single gene of this type does not seem to have
been present in the two largest families studied (families
S and M). In both of these families there is an abnormal
8-chain in some individuals which serves as a marker
for the 8P-loci. Patients 1-2 and I-5 in family "S" (Fig.
1) had the abnormal 8-chain and unusually high 8/a
ratios for ,-thalassemia, whereas siblings I-3, I-4, and

1-6 had low P/a ratios and also possessed the abnormal
8-allele. In family "M" (Fig. 2) one sibling with an
abnormal 8-chain (III-2) had a P/a ratio of 0.53, where-
as a sister with the same 8-variant (III-3) had a ratio
of 1.14. It is thus unlikely that a "super-gene" produced
synthesis in some of the Negro patients, since the P-
and 8-loci are closely linked (26), and the factor pro-
ducing balanced synthesis is not linked to the 8-locus.

A recent study of a-thalassemia in the Negro con-
cludes that there is a much wider range of a/P syn-
thesis ratios than in Caucasian patients (27). The values
in the Negroes overlap the normal range, and the
average ratio indicates less imbalance of globin synthe-
sis than in the Caucasian group. The results of the
studies reported in this paper demonstrate a similar
finding in 8-thalassemia trait in the Negro. The mean

P/a ratio is higher than in Caucasians, and many pa-
tients have ratios in the normal range.

Although Caucasian heterozygotes for 8-thalassemia
have a relative decrease in synthesis of P-chains in
their peripheral blood, P- and a-chain synthesis are
equal in the bone marrow (28). The presence of bal-
anced globin chain synthesis in the bone marrow sug-
gests that compensatory P-chain synthesis for the thalas-
semic defect is present in the nucleated red cells of
some patients. The possibility that decreased P-chain
synthesis was present in the bone marrow but not in the
peripheral blood of the Negro heterozygotes with un-
usually high ratios was tested in one patient (family S,
I-8). Unbalanced globin synthesis was not detected in
either bone marrow or peripheral blood of this patient,
the P/a ratios being 1.13 and 1.03, respectively. It has
been suggested that the difference previously observed
in globin synthesis between bone marrow and peripheral
blood cells in heterozygotes might be due to the in-
creased rate of breakdown in the red cell of messenger
RNA for P-chain (28) either from the thalassemic or
the normal P-chain locus. The factors responsible for
balanced globin synthesis in some of the Negro hetero-
zygotes may act by protecting the messenger RNAfor
P-chain from an excessive rate of decay. In heterozy-
gotes with decreased mean cell hemoglobin values and
either balanced or unbalanced globin synthesis in the
peripheral blood, the total amount of a-chain per cell is
decreased as well as the amount of 8-chain suggesting
that there may be depression of synthesis of a-chain in
the bone marrow in some patients as part of the compen-
satory changes occurring in the nucleated erythrocyte.

The difference in severity of clinical disease in the
Negro and Caucasian homozygotes is not reflected in
differences of peripheral blood or bone marrow (7) P/a
ratios. Further studies are needed to clarify the rela-
tionship of the biochemical differences in the heterozy-
gotes to the clinical differences in the homozygotes.
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