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The fundamental molecular defect in 
thalassemia appears to be an inherited dis- 
turbance in the rate of synthesis of one of the 
hemoglobin polypeptide chains which results 
in an imbalance of globin chain produc- 
tion (1, 2). In homozygous 0-thalassemia 
(Cooley’s anemia), there is underproduction 
of hemoglobin ,6 chains relative to CY chains 
both in bone marrow and in reticulocytes of 
affected patients, and this imbalance leads 
to a (0 + ?)/a chain synthetic ratio of less 
than unity (3-6). 

Despite the observation that hemoglobin 
chain synthetic ratios are highly variable 
from patient to patient, it has not been de- 
termined whether, in a given patient, this 
ratio can vary according to different circum- 
stances. In view of the possibility that CY chain 
synthesis and p chain synthesis are subject to 
independent regulation, the following study 
was performed to determine whether the 
peripheral blood hemoglobin chain synthetic 
ratio in a given p-thalassemic subject depends 
upon his degree of anemia. 

Materials and Methods. Three subjects 
(ages 16, 17, and 20 yr) with Cooley’s anemia 
were studied. The diagnosis was established 
on clinical and paraclinical grounds in both 
the subjects and their family members. None 
of the subjects were clinically affected to a 
severe degree. All had marked hypochromia 
with anisocytosis and poikilocytosis, eleva- 
tion of fetal hemoglobin (45-65% hemo- 
globin F), and bone marrows which stained 
positively for iron. The subjects all had im- 
pressive splenomegaly, and two of them 
underwent splenectomy at the conclusion of 
the study with clinical improvement. All 
subjects were observed and treated with ade- 
quate folic acid for at least a month prior to 
initiation of the studies. Hematocrit deter- 
minations and reticulocyte counts were done 
on alternate days throughout the study. 

Following an initial determination of the 

peripheral blood (p  + ?)/a chain synthetic 
ratio, the patients were transfused with blood 
according to the schedules shown in Figs. 
1-3. Hemoglobin chain synthetic ratios were 
determined 4-6 days after each transfusion 
so that the synthetic activity of the patients’ 
own reticulocytes would be measured. Fol- 
lowing splenectomy the synthetic ratio was 
measured 2 wk postoperatively. For the de- 
termination of the peripheral blood hemo- 
globin chain synthetic ratios, 10 pCi of 14C- 

labelled protein hydrolysate (Amersham Co.), 
0.10 ml of 1:3-diluted Amigen (Baxter Co.), 
and 1.0 pmole of FeS04 were incubated with 
2.5 ml of reticulocyte-rich blood (hematocrit 
adjusted to 2 5 % )  for 90 min at 37” in a 
metabolic shaker. The previously described 
procedures for isolation of globin, for chain 
separation, and for radioactive counting were 
followed (4, 5). Since our techniques did not 
permit a complete separation of ,6 and 
7 chains, the two peaks were pooled and 
counted as one (“p + 7”). By this technique 
the (p  + ?)/a synthetic ratio of blood from 
6 normal subjects was found to be 0.97 =t 
0.02. 

Results. Figure 1 shows the results of 
peripheral blood hemoglobin chain synthetic 
ratio determinations in the first subject at 
various intervals following stepwise raising 
of his hematocrit by transfusion. Hemato- 
crits and reticulocyte counts (percent) are 
both plotted on the ordinate. It is evident 
that the (p  + ?)/a chain synthetic ratio did 
not remain constant, but rather that it in- 
creased towards unity as the hematocrit was 
increased and the reticulocyte count fell. 
Following splenectomy, the hematocrit con- 
tinued to rise without subsequent transfusion, 
and a high (p  + ~ ) / c Y  ratio was maintained. 

Similar results of studies performed on 
two additional subjects are shown in Figs. 2 
and 3. As in the first subject, the decrease in 
reticulocyte count induced by stepwise trans- 
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FIG. 1 .  Subject 1. Effects of transfusions (100 ml of packed red cells at times marked with arrows) on hematocrit 
reticulocyte count, and (p + ?)/a synthetic ratio. 

1 .o 

0.9 

0.8 

0.7 

0.6 

0.5 

OA 

0.3 

0.2 

0.1 

, 

X” 

* 0 
H c t  R e t i c  
35 

3a 

J 2c 

t t 

FIG. 2. SuJject 2. Effects of transfusions (150 ml of packed red cells at times marked with arrows) on ..ematocrit, 
reticulocyte count, and (p + r) /a  synthetic ratio. 

fusion was associated with a striking rise in 
the chain synthetic ratio towards unity. 

Discussion. The data summarized in Figs. 
1-3 show that the hemoglobin (p + ?)/a 

chain synthetic ratio is not necessarily con- 
stant in a given patient, but rather that it can 
vary as a function of his hematocrit. In all 
three patients hemoglobin chain synthesis 
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FIG. 3. Subject 3. Effects of transfusion (250 ml of packed red cells at time marked with arrow) on hematocrit, 
reticulocyte count, and (0 + ~ ) / a  synthetic ratio. 

became more balanced as the stimulus for 
erythropoiesis was decreased by transfusion. 

Although the molecular mechanisms in 
thalassemic disorders remain uncertain, the 
available evidence indicates that the defect 
leading to decreased rate of p chain relative 
to a chain synthesis in 0-thalassemia is most 
probably at  the level of transcription of 
genetic information (2, 5, 7-9). Recent evi- 
dence furthermore shows that one of the 
effects of erythropoietin is to stimulate hemo- 
globin synthesis by increasing the quantity 
of globin mRNA (10, 11). If one postulates 
that the p (as opposed to the a) “regulator 
site” in P-thalassemic subjects is relatively 
insensitive to the high degree of erythropoi- 
etic stimulation induced by severe anemia, or 
that it is maximally (though ineffectually) 
stimulated at even mild degrees of anemia, 
one would predict that the globin chain syn- 
thetic ratio should become more balanced as 
the erythropoietic stimulus is decreased. The 
data presented here show a return towards 
more balanced chain synthesis as the drive for 
erythropoieses is decreased, and would be 
consistent with such a mechanism. 

While our observations are compatible 

with a selective decrease in a chain synthesis 
as the hematocrit is raised by transfusion, 
they do  not specifically exclude the possi- 
bility that, instead, p chain synthesis in- 
creases. Whether under these conditions the 
absolute rate of 0 chain synthesis remains 
relatively invariant is unknown, and thus the 
determination of absolute rates of globin 
mRNA and hemoglobin chain synthesis at  
various degrees of anemia will be of im- 
portance in future experiments. 

Summary. The peripheral blood hemo- 
globin ( p  + ?)/a chain synthetic ratio in 
three homozygous p-thalassemic subjects 
was shown to increase towards unity as their 
hematocrits were raised by stepwise trans- 
fusion. The observation that the chain syn- 
thetic ratio can vary in a given individual is 
discussed in relation to current understand- 
ing about the regulation of hemoglobin 
synthesis. 
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