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I N THE INDIVIDUAL with sickbe cell trait, the circulating hemoglobinconsists almost entirely of hemoglobin A (55-70 per cent) and hemoglobin
S (30-45 per cent) . The lower concentration of hemoglobin S has been at-

tributed to a decreased rate of synthesis of this abnormal hemoglobin.1 Since

there is little experimental evidence to support this concept, the present study

was undertaken in an attempt to gain more information on the relative rates

of synthesis of these heterogenic hemogbobins. It was hoped that measurements

of the rate of incorporation of Fe5#{176}into these hemoglobins might help towards

elucidating whether the difference in circulating concentrations is due to

differences in the rates of synthesis of the heterogenic hemoglobins or possibly

secondary to some other mechanism. If the heterogenic hemogbobins incorpo-

rate radioactive iron at rates proportional to their circulating concentrations,

then their specific activities (counts per minute Fe59/mg. Hb) should be the

same, and the ratio of their specffic activities; specific activity hemoglobin

A/specific activity hemoglobin 5, would be 1.0. The occurrence of ratios

significantly different from 1.0 would be incompatible with the thesis that the

concentration of the circulating hemoglobins A and S are different simply as

a result of different synthesis rates.

MATERIALS ANI) MEmoDs

Four patients with sickle cell trait have been studied. Three of these patients were

free of any superimposed disease, while one, (L. M.) had active, moderately severe,

pulmonary tuberculosis. None of the four patients had ever been transfused.

Each patient received approximately 30 �c. of Fe59-globulin complex (Abbott Labora-
tories, specific activity, 17.4 mc./mg. of iron) intravenously. Following the injection, 12-mi.

blood samples were drawn periodically over the succeeding 40 days. The red blood cells
from each sample were washed 3 times with saline, hemolyzed with water and shaken
with toiuene. After centrifugation at 17,000 g for 20 minutes to separate the stroma, the
hemoglobin was converted to the carbon-monoxy derivative and the final concentration of
the solution brought to 6 Gm. per cent.

Starch block eiectrophoresis was employed to separate the hemoglobin components. The

electrophoresis was performed according to the method of Kunkel and Wallenius2 at pH
8.6 in barbital buffer with phosphate buffer, pH 7.4, in the outer electrode vessels. Four-
ml. aliquots of each sample were subjected to electrophoresis for 16 hours at 520 V and
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45 ma. in a cold room at 5 C. Following electrophoresis the main hemoglobin componenti

were cut from the starch block, with the clear area of starch between the fractions dis-

carded so as not to contaminate the hemoglobin A with any minor, rapid component of
hemoglobin S. Each fraction was then eluted from the starch with 100 ml. of water through

sintered glass funnels and their concentrations determined spectrophotometrically. The

standard deviation of the method, based on the reproducibility of the per cent recovery

of each hemoglobin from the block was ±2.49 per cent. Each hemoglobin fraction was

then precipitated with 50 per cent trichioracetic acid and collected. The radioiron ac-

tivity of each fraction was then determined in a well-type scintillation counter. Sufficient

disintegrations were recorded to insure a counting error of no more than 2 per cent. The

specific activities of Fe59 in the hemoglobin A and the hemoglobin S fractions were cal-

culated for each sample.

RESULTS

In patient D. T., table 1, the ratio of specific activities was found to be less

than 1.0 in 11 of 12 determinations. Patient W. P., table 2, demonstrated

greater activity per milligram of hemoglobin in hemoglobin S in 11 of 14

determinations. In patient R. U., table 3, hemoglobin S activity was greater in

15 out of 15, and in patient L. M., table 4, in 10 of 11 determinations. Thus,

in a total of 52 determinations done on the four non-transfused sickle trait

patients, 47 were found to reveal greater radioiron activity per milligram of

hemoglobin in hemoglobin S than in hemoglobin A. x2 analysis for the signifi-

cance of this difference from an expected equal activity for the two hemoglo-

bins reveals a p value of less than 0.001. The mean of the ratios of specific

activities in the 52 total determinations was 0.87.

In figure 1 the ratios of the specific activities of the heterogenic hemo-

globins in the four patients are plotted against time. Of the five determinations
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Fig. 1.-The ratio of specific activities (A/S) of the heterogenic hemoglobins
plotted against time after the administration of radio-iron. The mean of the 52
determinations in the four patients is 0.87.
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336 LEVERE AND LICHTMAN

Table 1.-Results of Fe�9 Incorporation in Patient D. T.
Initial Hematocrit-409’c Serum Iron-74 garnrna%

Hemoglobin Milligrams recovered Specific activity Ratio of specific

Days after F&’ fraction from starch cpm/mg.Hb. activities A/S

1 A 79.4 0.2

S 45.9 0.4 0.58

2 A 121.5 1.0

S 66.5 1.3 0.81

3 A 96.1 1.9

S 54.0 2.5 0.76

4 A 112.5 5.3

S 50.0 7.3 0.73

5 A 125.0 7.5

S 87.6 8.0 0.94

7 A 129.0 7.8

S 87.6 9.0 0.86

9 A 125.0 8.8

S 83.0 10.3 0.85

11 A 125.0 10.4

S 83.0 11.5 0.90

13 A 121.0 10.2

S 62.5 15.1 0.67

20 A 112.5 10.1

5 75.0 11.9 0.85

29 A 100.0 12.2

S 66.5 14.0 0.87

42 A 125.0 12.1

S 87.5 12.1 1.00

showing equal, or greater activity in hemoglobin A as in hemoglobin 5, four

occurred at day 20 or later. Though there are not sufficient data to attach any

definite significance to this, it may be explained on the basis of loss of activity

in hemoglobin S.

DIscussioN

In 1956, Schapira, Dreyfus and Kruh,3’4 studied the rates of incorporation

of radioactive iron into the two major hemoglobin fractions present in the

rabbit. They found that the uptake of F&9 into the two hemoglobins was not

proportional to their circulating concentrations. Similar studies, both in vivo,5

and in vitro,6 on the rates of radioiron incorporation into the hemoglobin F and

hemoglobin A fractions of patients with thalassemia have also shown that

the incorporation of radioiron does not parallel the circulating concentrations

of the two hemoglobins. These findings have been interpreted to suggest that

these hemoglobins have unequal survival times in the circulation.

The present study demonstrates differences in radioiron incorporation by

the heterogenic hemoglobins in sickle cell trait and indicate that the uptake

of Fe59 by these hemoglobins is not proportional to their circulating concen-

trations. Similar studies by Ranney and Kono7 on three patients with sickle

cell trait have been reported as showing no significant difference in the spe#{231}ific

activities of radioactive iron incorporated into hemoglobin S and hemoglobin
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Table 2.-Results of Fe59 Incorporation in Patient W. P.
Initial Hematocrit-38% Serum Iron-86 gamma %

Hemoglobin Milligrams recovered Specific activity Ratio of spez�ific

Days after Fe�V fraction from starch cpm/mg. Hb. activities A/S

1 A 111.0 0.10

S 91.5 0.13 0.78

2 A 116.5 0.6

S 91.5 0.7 0.86

4 A 112.5 2.6

5 112.5 2.9 0.90
6 A 125.0 3.6

S 96.0 4.6 0.78

8 A 116.5 4.8

S 91.5 5.8 0.83

10 A 112.5 5.0

S 87.5 5.5 0.91

14 A 104.0 6.2

S 83.0 6.7 0.93

17 A 108.5 Go

S 87.5 6.3 0.95

20 A 100.0 6.7

S 87.5 6.5 1.03

23 A 121.0 6.1

S 87.5 6.7 0.91

29 A 91.5 5.9

S 79.0 6.6 0.89

31 A 104.0 6.1

S 83.0 6.9 0.88

35 A 112.5 6.3

S 104.0 6.3 1.00

37 A 111.0 6.5

S 100.0 6.3 1.03

A. However, these three patients all suffered from advanced, disseminated

neoplastic diseases, and do not appear to be comparable to the sickle trait

patients of the present study. Since the difference in the specific activities of

the heterogenic hemoglobins in the four sickle trait patients with no evidence

of malignancy is highly siginficant, p < 0.001, it is possible that the difference

in results found in the two patient groups represents an effect of neoplasia on

incorporation of iron into the heterogenic hemoglobins.

Two possible interpretations seem most plausible to explain the observed

difference in incorporation of radioactive iron by the heterogenic hemoglobins

in sickle cell trait. First, although the size of the intramarrow pool of each of

the hemoglobins is not known, it is possible that there exists a smaller pre-

formed pooi of the abnormal hemoglobin S, or possibly even of heme-beta S

polypeptide moieties. Under these circumstances, after the injection of Fe59,

given at any one moment in time, the radioactive iron would make its initial

appearance in the circulation in the abnormal hemoglobin leading to the

greater specific activity of hemoglobin S compared to hemoglobin A, during

the first several days following the administration of radioiron.
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338 LEVERE AND LICHTMAN

Table 3.-Results of Fe59 Incorporation in Patient R. U.
Initial Heniatocrit-37% Serum Iron-72 gamma %

Hcmoglobin Milligrams recovered Specific activity Ratio of specific

Days after Fe” fraction from starch cpm/mg. Hb. activities A/S

1 A - 129.0 0.91

S 83.0 0.99 0.92

2 A 129.0 2.3

S 62.5 2.6 0.88
4 A 125.0 3.7

S 66.5 4.1 0.90

6 A 121.0 4.4

S 71.0 5.3 0.84

8 A 137.5 4.9

S 71.0 5.5 0.89

10 A 133.0 4.6

S 71.0 5.0 0.93

13 A 125.0 4.5

S 66.5 5.6 0.81

15 A 126.0 4.6

S 71.0 5.4 0.85

17 A 150.0 4.7

S 71.0 5.3 0.89

21 A 146.0 4.5

S 79.0 4.7 0.95

23 A 141.5 4.7

S 66.5 5.4 0.87

28 A 129.0 5.0

S 71.0 5.3 0.95

31 A 135.0 4.5

5 70.0 5.3 0.85

36 A 150.0 4.1

S 70.0 4.9 0.84

43 A 137.5 4.9

S 665 5.2 0.94

However, the observations may also be explained on another basis. The

greater specific activity of hemoglobin S may indicate that it is not synthesized

at a rate proportional to its circulating concentration, which in the vast

majority of patients with sickle cell trait is between 30 per cent to 45 per cent

of the total hemoglobin. A rate of synthesis of hemoglobin S of any degree

greater than that indicated by its concentration in the blood would lead to

its greater specific activity when compared to the specific activity of hemo-

globin A. These rates of synthesis could range from levels that are slightly

less, equal to, or even greater than that of hemoglobin A. A synthesis rate of

hemoglobin S equal to or greater than hemoglobin A would lead to higher

concentrations of hemoglobin S in the circulation in these heterozygotes

unless there was a relatively increased rate of removal of hemoglobin S. This

possibility would imply that the heterogenic hemoglobins exist in the erythro-

cytes at relative concentrations that differ from red blood cell to red blood

cell, and that they are not present in every erythrocyte in the same concentra-

tions. In other words, the two hemoglobins may co-exist in the erythrocytes
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Table 4.-Results of Fe” Incorporation in Patient L. M.
Initial Hematocrit-37%

Hemoglobin Milligrams recovered Specific activity Ratio of specific

Daysafter Fe’9 fraction from starch cpm/mg. Rb. activities A/S

1 A 146.0 0.4

S 91.5 0.5 0.88

3 A 129.0 2.1

S 79.0 2.5 0.85

5 A 121.0 3.3

S 91.5 3.6 0.92

7 A 121.0 3.0

S 79.0 3.6 0.83

10 A 137.5 3.4

S 91.5 3.8 0.89

11 A 129.0 3.7

S 83.5 4.0 0.93

14 A 133.5 3.7

S 104.0 3.7 1.00
18 A 116.5 4.4

S 79.0 5.0 0.88

23 A 112.5 4.6

S 87.5 5.2 0.88

28 A 125.0 4.0

S 87.5 4.6 0.87

31 A 121.0 4.2

S 79.0 - 4.4 0.95

in a spectrum of relative concentrations. Under these circumstances, the

erythrocytes containing the highest concentrations of the abnormal hemo-

globin S would exhibit shortened survival times, leading to a circulating con-

centration of hemoglobin A that is greater than that of hemoglobin 5, when

this measurement is made on a large, grouped, circulating red cell population.

A technic for the measurement of the concentrations of hemoglobin S and A

in individual cells is needed to resolve this question.

A shortened survival time of hemoglobin S would lead to a decrease in its

radioactive iron content with time. The equal, or greater specific activity

found on four occasions in the four non-transfused patients, after the 19th

day of study, might be explicable on this basis.

The possibility that hemoglobin S does not exhibit a relatively decreased

rate of synthesis in sickle cell trait finds support in studies done in homozygous

hemoglobin S disease. Kraus, Morrison and Kraus,8 employing Fe5#{176}incorpora-

tion into hemoglobin S in an in vitro system, found that in the steady state

(non-crisis) hemoglobin S synthesis proceeded at a much faster rate than

the synthesis of hemoglobin A from normal subjects. Erlandson, Schulman,

Stern, and Smith,9 and recently McCurdy1#{176} employing in vivo ferrokinetics in

sickle cell anemia, have been able to demonstrate that erythropoiesis in this

disease may proceed at 3 to 12 times the normal rate.

A heterogenous distribution among the erythrocytes of the heterogenic

hemoglobins of sickle cell trait may be analogous to the distribution of hemo-

globin F in thalassemia and sickle cell anemia. Singer and Fisher,1’ by trans-
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340 LEVERE AND LICIITMAN

fusing normal recipients with sickle cell anemia erythrocytes containing high

concentrations of F hemoglobin, were able to demonstrate significant differ-

ences in the disappearance rates of the sickle cells and the alkali resistant

fraction. This observation suggests an unequal distribution of hemoglobin F

within the erythrocyte population. More recently, the studies of Shepard,

\Veatherall and Conley,’2 using a semi-(Iuantitative adaptation of the citric

acid-phosphate buffer system of Kleihauer and Betke, appear to have demon-

strated that in normal subjects, thalassemia and sickle cell anemia, hemoglobin

F is heterogeneously distributed among the erythrocytes. Only in persons with

“hereditary persistence of fetal hemoglobin” did the distribution of fetal

hemoglobin appear to be homogenous throughout the erythrocytes. The dis-

tribution of hemoglobin A and hemoglobin S in sickle cell trait erythrocytes

was investigated by A1lison.1� Following exposure of sickle cell trait red cells

to an atmosphere with an oxygen partial pressure of 10 mm. Hg, a difference

in the relative concentrations of the two hemoglobins was noted in the sickled

as compared to the non-sickled fraction. Possible explanations for a hetero-

geneous distribution of hemoglobin A and hemoglobin S among the red cells

remains too speculative at present to bear discussion. However, studies on

the relative concentrations of these hemoglobins in old and young erythro-

cytes, as well as on their survival times in the circulation, appear to be mdi-

cated and are iresently under investigation.

SUMMARY

The relative rates of incorporation of Fe59 into heterogenic hemoglobins

was studied in four patients with sickle cell trait. Three of the patients were

free of superimposed disease, while one had active pulmonary tuberculosis.

In all subjects there was a significantly greater incorporation of radioiron, per

milligram of hemoglobin, into hemoglobin S than into hemoglobin A.

The data indicate that in sickle cell trait the rates of synthesis of the

heterogenic hemoglobins are not proportional to their circulating concentra-

tions. Two interpretations appear possible. Since the size of the intra-marrow

pool of hemoglobin S was not known, it is possible that there exists a smaller

preformed pool of the abnormal hemoglobin, with the isotope making its

appearance first in hemoglobin S. However, it is also possible that hemoglobin

S is synthesized at a rate which is greater than that reflected by its circulating

concentration. This implies that the relative concentrations of hemoglobin S

and hemoglobin A vary from erythrocyte to erythrocyte, and that those cells

with the greatest proportion of hemoglobin S are selectively destroyed.

SUMMARIO IN 1NTERLINGUA

Le relative intensitates del incorporation de Fe59 ad in hemoglobinas hetero-

genee esseva studiate in quatro patientes con character de cellulas falciforme.

Tres del patientes esseva libere de superimponite morbo, durante que le

quarte habeva tuberculose pulmonari. In omne le subjectos ii esseva trovate
que le incorporation de radioferro, per milligramma de hemoglobina, esseva

significativemente plus grande pro hemoglobina S que pro hemoglobmna A.

Le datos indica que in le presentia del character de cellulas falciforme, le

intensitates del synthese del hemoglobinas heterogenee non es proportional a

br concentrationes in le circulation. Duo interpretationes de iste constatation
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pare possibile. Viste que le dimensiones del reservoir intra-medullari de

hemoglobina S non esseva cognoscite, ii es possibile que ii existe un plus micre
pre-formate reservoir de hemoglobina anormal, con le resultato que le isotopo

face su apparition primo in hemoglobina S. Tamen, il es etiam possibile que

hemoglobina S es synthetisate con un intensitate plus grande que illo reflectite

per su concentration in le sanguine circulante. Isto significarea que le concen-

trationes relative de hemoglobina S e hemoglobina A varia ab un erythrocyto

al altere e que le cellulas con Ic plus alte proportion de hemoglobina S es

destruite selectivemente.
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