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Hemolytic Anemias 

Abstract. Rates of synthesis of hemo- 
globin A by erythroid cells from thal- 
assemic subjects are markedly de- 
creased. Formation of hemoglobin F, 
however, proceeds at similar rates in 
cells from subjects with thalassemia 
and other types of hemolytic anemias. 
A mechanism is suggested regarding 
the altered patterns of hemoglobin syn- 
thesis under conditions of erythropoi- 
etic stimulation in subjects with and 
without thalassemia. 

The thalassemia syndromes include 
a group of inherited diseases which 
are characterized by a marked de- 
crease in the concentration of hemo- 
globin A and, in many instances, an 
increase in the concentration of hemo- 
globin F. Various theories have been 
advanced to explain the mechanism of 
this disorder. Recently, hypotheses 
which presume a primary defect in the 
rates of synthesis of the globins (1-4) 
have been emphasized. Itano (1) and 
Ingram and Stretton (2) postulated that 
the defect in hemoglobin A synthesis 
in thalassemia is associated with the 
formation of a structurally abnormal 
hemoglobin which is made at a rate 
slower than normal. However, analysis 
of the amino acid content of indi- 
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An alternative proposal (1, 2) is that 
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genetic regulatory system resulting in 
an altered rate of synthesis of structur- 
ally normal hemoglobin A. 

Ribosomes characterized by sedimen- 
tation coefficients greater than 100S 
(polyribosomes) are the site of protein 
synthesis in erythroid cells of both thal- 
assemic and nonthalassemic subjects 
(4). However, polyribosomes in cells 
from thalassemic patients have a sig- 
nificantly lower capacity to incorporate 
leucine than polyribosomes in cells 
from nonthalassemic persons (4). Leu- 
cine is in all peptide chains of hemo- 
globins A and F. Isoleucine, which is 
in hemoglobin F but not in hemo- 
globin A, is incorporated by polyribo- 
somes in cells of thalassemic and non- 
thalassemic patients in at least compar- 
able amounts. These initial observa- 
tions suggested that in thalassemia the 
defect in protein synthesis involves a 
selective impairment in the capacity of 
polyribosomes to form hemoglobin A. 
In populations of erythroid cells syn- 
thesizing hemoglobin A and hemoglo- 
bin F, this hypothesis could be tested 
further by determining the rate of for- 
mation of these proteins. 

Blood was obtained from patients 
with thalassemia major, sickle cell ane- 
mia, and hemolytic anemias without 
primary abnormalities in hemoglobins. 
Cells were separated from the blood, 
suspended in a modified Krebs-Ringer 
bicarbonate medium (6) that contained 
C4-leucine (17.1 Atc/jtmole) and C'4- 
valine (20.3 ,uc/pmole), and incubated 
at 37?C. At intervals up to 80 minutes, 
portions of the cell suspension were 
removed to determine the amount of 
radioactivity incorporated into acid-in- 
soluble material (7). At 80 minutes 
the cells were recovered from the cell 
suspension by centrifugation and then 
lysed by a short exposure to a hypo- 
tonic solution (7). The hemolysate was 
made free of ribosomes by centrifuga- 
tion at 200,000g for 2 hours. Hemo- 
globin concentrations were determined 
and ribosomes were analyzed (4). 
Hemoglobin fractions were separated 
from ribosome-free hemolysates by 
using an amberlite IRC-50, synthetic 
cation-exchange resin with developer 
No. 2 (8). The amount of nonheme 
protein contaminating the hemoglobin 
fractions was determined by DEAE 
(diethylaminoethyl) chromatography 
(9). 
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tic anemia (Table 1). In all subjects 
studied, however, the concentrations of 
hemoglobin were similar, and the per- 
centage of hemoglobin F was above 
normal (Table 1). The normal con- 
centration of hemoglobin F is below 
2 percent. 

The rate of incorporation of amino 
acid into hemoglobin A by cells from 
thalassemic subjects was strikingly low- 
er than that by cells from subjects 
with the other types of hemolytic ane- 
mia (Table 1). By contrast, the in- 
corporation into the fraction containing 
hemoglobin F was not markedly dif- 
ferent in cells from the thalassemic 
compared with the nonthalassemic sub- 
jects. In no experiment did the incor- 
portation of radioactive amino acid into 
nonheme protein exceed 6 percent of 
the total amino acid incorporated. The 
decreased rate of amino acid incorpora- 
tion into hemoglobin A cannot be at- 
tributed to a failure of saturation of 
the ribosomes in thalassemic cells. In 
all instances examined, the radioactiv- 
ity associated with ribosomes reached 
a plateau value within 5 minutes. The 
incorporation of the C4-amino acids in- 
to the supernatant protein continued to 
increase at a linear rate during the 80- 
minute period of incubation. In three 
patients with thalassemia (Table 1, tha- 
lassemia subjects 1, 3, and 4) the rela- 
tive concentration of hemoglobin F to 
hemoglobin A was smaller than the 
ratio of amino acid incorporated into 
these fractions, respectively. A possible 
explanation for this finding is that prior 
to these studies these patients were regu- 
larly transfused. The other patient with 
thalassemia (Table 1, thalassemic sub- 
ject 2) had never been transfused. In 
this case, the relative concentration of 
hemoglobins F to A was higher than 
the ratio of their rates of synthesis. 
This could be due to a lower rate of 
turnover of hemoglobin F in vivo, as 
suggested by Gabuzda et al. (10). 

The present results indicate a selec- 
tive decrease in the capacity of ribo- 
somes of erythroid cells of thalassemic 
subjects to synthesize hemoglobin A, 
which is composed of two alpha- and 
two beta-peptide chains. The rate of 
amino acid incorporation into hemoglo- 
bin F, composed of two alpha- and 2 
gamma-peptide chains, was similar in 
cells of both thalassemic and nonthal- 
assemic subjects. Therefore the primary 
defect in these subjects with thalasse- 
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Table 1. Hematological data on individual subjects and amino acid incorporated into hemo- 
globin. 

Peripheral blood * Hemoglobin Amino acid incorporation $ 
Ribosomes fractions t (mtmoles/mg ribosomes) 

Hemoglobin Reticulocyte recovered (mg/ml) Total Fractions 
(g/ 100 ) ((mg/%10? . ..... 

ml blood) reticulocytes) F A protein F A 

Thalassemia 
7.1 11 1.9 27 41 51.8 23.0 20.8 
. 7.7 12 2.2 59 22 46.2 19.6 19.0 
6.5 2 3.4 21 60 17.0 6.6 8.8 
6.4 11 3.5 38 46 35.0 17.2 13.8 

Sickle cell anemia 
6.5 7 3.4 14 85 352.0 33.2 296.8 
7.4 9 0.9 18 83 332.0 63.0 269.0 
6.7 9 1.7 8 79 137.0 10.2 114.4 

Chronic hemolytic nonspherocytic anemia 
7.1 43 2.7 10 71 433.4 40.2 403.8 
9.0 11 0.8 6 77 428.6 28.6 341.4 

* Hemoglobin concentration and reticulocyte count on peripheral blood on day of study. t Hemo- 
globin content of fractions F and A are expressed in milligrams per milliliter of incubation mixture 
used for determination of rates of amino acid incorporation into proteins. Fractions F and A cor- 
respond to fractions Ai and All of Allen, Schroeder, and Balog (8). The components of fraction 
F include hemoglobin F and nonheme protein. In the studies on patients with Sickle cell anemia 
fraction A represents hemoglobin S. $ Amino acid incorporated into total soluble protein is based 
on determinations of total radioactivity in the fraction insoluble in hot trichloracetic acid of ribo- 
some-free hemolysates prepared from cells after incubation for 80 minutes (7). Amino acid in- 
corporation is expressed as the millimicromoles of leucine plus valine incorporated per milligram of 
total ribosomes recovered from the hemolysates of cells prepared from the incubation mixture after 
80 minutes of incubation at 37?C. 

hemoglobin A. That erythroid cells 
from patients with thalassemia may 
have a more than 80 percent decrease 
in the rate of amino acid incorporation 
into soluble protein suggests that there 
is a decrease in the rate of formation 
of alpha as well as of beta chains. 
The decrease in alpha-chain synthesis 
could be secondary to impaired beta- 
chain formation if, for example, beta 
chains are necessary for the release of 
alpha chains from the ribosomes. It 
has been observed that an excess of 
beta-chain formation may occur in 
thalassemia syndromes in which, on the 
basis of genetic analyses, the primary 
defect appears to involve alpha-chain 
synthesis (3, 5, 11). In most thalasse- 
mia syndromes, including those we stud- 
ied, genetic analyses are consistent 
with the interpretation that the primary 
defect involves beta-chain formation. 
In such subjects uncombined alpha 
chains have been detected in hemoly- 
sates, but in concentrations of only 0.5 
percent or less of the total hemoglobin 
content (12). The possibility exists that 
a larger amount of alpha chains is 
formed, but they are rapidly destroyed 
and, therefore, are not detectable 
as soluble protein in hemolysates. 

A selective defect in the rate of for- 
mation of structurally normal beta 
chains could be due to an altera- 
tion in the RNA directing hemoglobin 
synthesis (messenger RNA). Such an 
alteration in messenger RNA might re- 
flect a decrease in the amount of nor- 
mal messenger RNA synthesized, or 
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such a modification in the messenger 
RNA that, though it is produced in 
normal or near normal amounts and 
can associate with ribosomes, it leads 
to a decrease in the rate of hemoglo- 
bin A synthesis at the ribosome level. 

The finding that the synthesis of he- 
moglobin F proceeds at a similar rate 
in cells from thalassemic and nonthal- 
assemic subjects suggests that the beta 
thalassemia gene is not associated with 
a specific compensatory mechanism by 
which a decrease in beta-chain syn- 
thesis leads to an increase in gamma- 
chain formation. Observations in this 
study indicating that thalassemia is as- 
sociated with a selective defect in glo- 
bin formation are not incompatible with 
the evidence of enzymatic defects in 
heme synthesis in these disorders (10, 
13). A failure in globin synthesis could 
lead to an excess of heme which re- 
sults in turn, by a negative "feed- 
back" mechanism, in a decrease in the 
activity of specific enzymes taking 
part in heme formation. 

A mechanism for hemoglobin forma- 
tion, based in part on earlier hypotheses 
advanced by various workers (1-3), 
can be proposed as follows. Among the 
early precursor erythroid cells in nor- 
mal adults there are cells that form 
beta or gamma chains or both. Under 
normal circumstances of erythropoiesis, 
as these cells mature their ribosomes 
lose the capacity for gamma-chain syn- 
thesis when the cells have made only 
1 to 2 percent of their final comple- 
ment of hemoglobin. Under conditions 

of erythropoietic stress, the maturation 
of erythroid cells is so altered that cir- 
culating reticulocytes are derived direct- 
ly from early erythroid forms (14) and 
a greater fraction of hemoglobin is pro- 
duced by cells retaining the capacity 
for gamma-chain synthesis. This could 
explain an increase in hemoglobin F 
in any type of hemolytic anemia. If, 
in addition to the accelerated matura- 
tion, there is a defect in beta-chain 
synthesis, as in thalassemia syndromes, 
the result would be a greater increase 
in the proportion of hemoglobin F. 
This proposal accounts for the marked 
decrease in the formation of hemoglo- 
bin A and our rather unexpected result 
that synthesis of hemoglobin F in thalas- 
semic cells may be similar to that in cells 
of certain other hemolytic anemias not 
associated with impaired beta-chain for- 
mation. We consider that the normal 
mechanism of conversion from fetal to 
adult hemoglobin involves a different 
mechanism, such as control of the rate 
of messenger RNA synthesis at the level 
of the gene. 
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