
Hemoglobin Indianapolis (,8112[G14] Arginine)

AN UNSTABLE /3-CHAIN VARIANT PRODUCING

THE PHENOTYPE OF SEVERE /3-THALASSEMIA

JUNIUS G. ADAMS, III, LAURENCE A. BOXER, ROBERT L. BAEHNER,
BERNARD G. FORGET, G. A. TSISTRAKIS, and MARTIN H. STEINBERG,
Veterans Administration Hospital and Department of Medicine,
University of Mississippi School of Medicine, Jackson, Mississippi 39216;
Department of Pediatrics, Indiana University School of Medicine,
Indianapolis, Indiana 46202; Division of Hematology, Department
of Medicine, Children's Hospital Medical Center, and Department
of Pediatrics, Harvard Medical School, Boston, Massachusetts 02118;
Department of Medicine, Yale University School of Medicine,
New Haven, Connecticut 06510

A B S T R A C T Hemoglobin (Hb) Indianapolis is an
extremely labile ,8-chain variant, present in such small
amounts that it was undetectable by usual techniques.
Clinically, it produces the phenotype of severe ,3thalas-
semia. Biosynthetic studies showed a ,8:a ratio of 0.5 in

reticulocytes and about 1.0 in marrow after a 1-h incuba-
tion. These results, similar to those seen in typical
heterozygous 83-thalassemia, suggested that /3lndianaPolis
was destroyed so rapidly that its net synthesis was es-

sentially zero. To examine the kinetics of globin syn-
thesis, reticulocyte incubations of 1.25-20 min were

performed with [3H]leucine. The findianaPolis:/3A ratio at
1.25 min was 0.80 suggesting that plndianaPolis was syn-
thesized at a near normal rate. At 20 min, this ratio was
0.46 reflecting rapid turnover of/lndianapolis. The erythro-
cyte ghosts from these incubations contained only
/f3IndianaPolis and a-chains, and the proportion of ,3lndianaPolis
decreased with time, indicating loss of/3fndianapolis. Pulse-
chase studies showed little change in 13A:a ratio and
decreasing /3IndianaPolis:a and j3lndianapolis:I3A with time.
The half-life of f3I1ndianapolis in the soluble hemoglobin
was 27 min. There was also rapid loss of 8lndianlapolis from
the erythrocyte membrane. From these results, it may
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be inferred that .ndianapos is rapidly precipitated from
the soluble cell phase to the membrane, where it is
catabolized. Heterozygotes for 80-thalassemia usually
have minimal hematologic abnormalities, whereas
heterozygotes with f3Indianapolis, having a similar net con-
tent of 8-chain, have severe disease. The extremely
rapid precipitation and catabolism of /3IndianaPolis and the
resulting excess of a-chains, both causing membrane
damage, may be responsible for the severe clinical
manifestations associated with this variant. It seems
likely that other, similar disturbances in the primary
sequence of globin polypeptide chains may produce
clinical findings similar to those seen with hemoglobin
Indianapolis and thus produce the phenotype of severe
,/-thalassemia.

INTRODUCTION

Thalassemia syndromes share as a common feature un-
equal production of the globin subunits of the hemo-
globin tetramer (1-3). Most often, there are decreased
amounts of the specific globin messenger RNA which
serves as a template for the synthesis of the affected
globin chain (4-6). The messenger RNA deficit results
from either globin gene deletions (7-10) or transcrip-
tional or post-transcriptional impairment of the expres-
sion of globin genes (11-13). Analysis of the hemoglo-
bins synthesized in patients with thalassemia has not
shown abnormalities in the primary structure of the
globin chains (1-3). Thus, with the exception of the
thalassemia-like conditions associated with 8,8-chains
of Lepore hemoglobins (1-3) or the elongated a-chains
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of Hb Constant Spring (14) and similar termination
codon mutants (15, 16), the globin produced in thalas-
semia is normal. The clinically important thalassemias
may be divided into those in which there is impaired
synthesis of a-globin chains or ,B-globin chains. The

,B-thalassemias, in which there is a deficit in the produc-
tion of,B-chains relative to a-chains, may be associated
with either the complete failure to synthesize p-chain

(,30)1 or a suboptimal production of 3-chain (,8+) directed
by the /3-thalassemia allele (1-3). There is a great deal
of clinical heterogeneity in both the heterozygous and
homozygous (8-thalassemias.

In this study, we report clinical, hematologic, and
biosynthetic findings from two individuals with the
phenotype of severe ,B-thalassemia. The unique aspect
of these patients was the presence of a ,8-chain variant
that was synthesized at a near normal rate but was
rapidly and virtually totally catabolized. The degree of
destruction was such that no variant 8-chain protein
was detectable by electrophoretic or chromatographic
methods, and its amino acid substitution could only be
determined by a novel technique of structural analysis
employing isotopically labeled globin. We have called
this most unstable of all hemoglobins yet described
Hb Indianapolis ((8112[G14] arginine). It is possible
that similar types of globin chain mutants are responsible
for some ofthe clinical syndromes that resemble severe
,B-thalassemia.

Case report

A 9-yr-old Caucasian female, of northern European
ancestry, was noted to suffer from fatigue at 6 mo of age.
She was found to be anemic with a hemoglobin level
of 4 g/dl and a reticulocyte count of 10.6%. She had
scleral icterus and hepatosplenomegaly. At age 2, the
spleen reached to 2 cm above the iliac crest. From the
age of 3 on, she received monthly transfusions with
packed erythrocytes. The peripheral blood film showed
hypochromia, microcytosis, anisocytosis, poikilocytosis,
basophilic stippling, polychromatophilia, and nucleated
erythrocytes. The bone marrow, aspirated from the
posterior iliac creast, was hyperplastic with marked
normoblastic hyperplasia. Heinz bodies were found
after splenectomy at age 9.
The father ofthe proband, age 34, had a history almost

identical to that of his daughter. He was also splenec-
tomized at age 9. He received transfusions with 2 U of
packed erythrocytes every 6 wk until age 24 when they
were discontinued because of hemosiderosis, mani-
fested by cardiomyopathy, skin discoloration, and in-

creased hepatic iron stores.

1 Abbreviations used in this paper: 030, failure to synthesize
/3-chain; i1nd plndianaPoliS; NKM, 140 mM NaCl, 5 mi/M KCl, and
1.5 mM MgCl2; PCV, packed cell volume.

METHODS

Standard hematologic techniques were used. Blood counts
and erythrocyte indices were done with a Coulter electronic
cell counter (Coulter Electronics Inc., Hialeah, Fla.). Erythro-
cyte survival studies were performed following the Inter-
national Committee for the Standardization of Hematology
panel recommendations (17), and ferrokinetics were done
according to the method of Cavill et al. (18). Hemoglobin
electrophoresis was carried out on cellulose acetate mem-
branes, starch gel, polyacrylamide gel, and citrate agar gel (19).
Isoelectric focusing of hemoglobin was done by the method
of Drysdale et al. (20).
Preparation of reticulocytes for incubation. Heparinized

blood from the proband, various members of her family, and
normal controls was collected by venipuncture and immedi-
ately placed on ice. For the preparation of blood for the initial
incubations, enough plasma was removed by centrifugation at
2,500 g to attain a packed cell volume (PCV) of50%. All further
procedures, unless otherwise stated, were performed at 4°C.
For incubation in medium, the plasma was removed by cen-
trifugation at 2,500 g for 5 min. The packed erythrocytes were
washed four times by centrifugation at 2,500 g for 5 min in
140 mM NaCl, 5 mM KCl, and 1.5 mM MgCl2 (NKM).
Preparation ofbone marrow for incubation. Bone marrow

samples were obtained by iliac crest aspiration. The bone
marrow cells were collected in heparin and placed on ice.
A single cell suspension of bone marrow cells was prepared
by repeated passage of the cells through a 20-gauge needle.
The plasma and fat were removed by centrifugation at 1,000 g
for 10 min, and the packed cells were washed four times
with NKM as described above.
Incubation of reticulocytes and bone marrow cells. Initial

incubations of peripheral blood reticulocytes were carried out
by addition of 200 AtCi of L[4,5-3H]leucine (40-50 mCi/mmol;
Amersham Corp., Arlington Heights, Ill.) to 5 ml of whole blood
with the PCV adjusted to 50% as described above. The whole
blood was then allowed to incubate for 1 h at 37°C in a meta-
bolic shaker. Incubation of peripheral blood reticulocytes for
kinetic studies and of bone marrow cells was carried out ac-
cording to Boyer et al. (21), with L-leucine omitted from the
incubation medium. The washed, packed erythrocytes and the
incubation medium were mixed to give a final volume of 1 ml
and a PCV of 40%. All samples were incubated at 37°C in a
metabolic shaker under room air with the exception of one
sample which was incubated at 22°C for 1 h. The samples were
allowed to renew metabolites in the incubator for 5 min before
the addition of [3H]leucine. Incubations were continued for
the desired time and terminated by washing the cells three
times in ice-cold NKM.
Hemolysis and preparation of erythrocyte ghosts. The

erythrocytes were lysed with 2 ml of 1.5 mM MgCl2 and rapidly
returned to isotonicity by the addition of 0.5 ml of a buffer
containing 0.06 M Tris, 1.5mM MgCl2, and 0.3 M KCl, pH 7.4.
Stroma-free hemolysates were prepared by centrifugation at
30,000 g for 20 min. The stromal pellet was washed three
times at 4°C according to the procedure of Dodge et al. (22)
with 20 mosmol phosphate buffer, pH 6.0. Supernates and
stroma were stored at -700 until needed.

Pulse-chase incubations. Washed erythrocytes and incuba-
tion mixture (5 ml) from the proband and her father were incu-
bated with [3H]leucine for 5 min as described above. After this
time, 1.0 ml of the mixture was removed, lysed, and treated
as described. The remaining 4 ml ofmixture was washed three
times in ice-cold NKM and resuspended in a medium contain-
ing a 10-fold excess of L[12C]leucine and incubated at 370C.
1-ml aliquots were removed at 2.5-, 5-, 10-, and 20-min intervals.
Hemoglobin chain separation. The lysates were converted
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into globin by precipitation in 2% HC1 in acetone (vol/vol).
Hemoglobin chain separation was carried out on columns of
CM-52 (Whatman Inc., Clifton, N. J.) by a modification of the
procedure of Clegg et al. (23). Instead of the linear gradient
proposed by Clegg et al., an exponential gradient, as reported
elsewhere (24), was employed, or a nonlinear gradient was
produced with an Ultrograd (LKB Instruments, Inc., Rockville,
Md.). The 4.2-ml fractions were placed into 15 ml of aqueous
counting scintillant (Amersham Corp.) and counted in a
liquid scintillation spectrometer. The washed erythrocyte
ghosts were dissolved in Triton X-100 (Rohm and Haas Co.,
Philadelphia, Pa.) and NaOH with carrier globin added as
described (25).
Structural studies. The structure of 8lndianapolis was solved

by using an isotopic and chromatographic technique described
elsewhere (24). HLA typing of the proband, parents, paternal
grandparents, siblings, and a paternal uncle was done using
standard methods (26).

RESULTS

Hematologic and electrophoretic results. The pre-
splenectomy hematologic findings on the proband and
the postsplenectomy findings on her father, as well as
the hematologic findings on immediate family members,
are presented in Table I. The patients were severely
anemic with microcytosis, marked degrees of reticulo-
cytosis, and many nucleated erythrocytes in the blood.
The unusually high reticulocyte count of the father is
likely the result of counting of some cells with pre-
cipitated hemoglobin as reticulocytes. Blood films also
showed anisocytosis, poikilocytosis, and basophilic
stippling. Other family members were normal.
Hemoglobin electrophoresis of the hemolysates of

the proband and father, using cellulose acetate mem-
branes, starch, polyacrylamide and agar gels, showed
only HbA, A2, and F. Isoelectric focusing ofthe hemoly-
sate of the father did not show a variant hemoglobin
band. The HbA2 levels of the proband and father were
2.6 and 2.5%, respectively, whereas the HbF levels
were 12 and 10%. Hemoglobin electrophoresis of the
mother and two siblings was normal. Blood counts and

hemoglobin electrophoresis of the paternal grand-
parents, three sisters, and two brothers of the father
were normal.
An unstable hemoglobin could not be demonstrated

by heat precipitation or isopropanol incubation of the
hemolysate of the proband and father.

Erythrokinetics. The results of erythrokinetic studies
done on the father are given in Table II. There is ac-
celerated disappearance of 59Fe from the plasma, a
marked increase in plasma iron turnover, and decreased
59Fe incorporation into erythrocytes. The 51Cr half-life
is shortened. All these findings indicated a high degree
of ineffective erythropoiesis typical of severe ,8-thalas-
semia (27, 28).
Globin chain synthesis. An imbalance in globin

chain synthesis was present in peripheral blood reticu-
locytes of the proband and her father (Table III). The
a:non-a ratio in the nucleated erythrocytes of the mar-
row ofboth patients was near unity (Table III). Results
similar to this are typical ofheterozygous ,8-thalassemia
(29,30). The a:,3 ratios in reticulocytes of the proband's
paternal grandparents and of her siblings were unity
(data not shown).
A chromatograph of globin, obtained from a periph-

eral blood incubation, is shown in Fig. 1. A consistent
peak of radioactivity, which eluted in the position oc-
cupied by the ,8-chain of sickle hemoglobin but without
corresponding absorbance at 280 nm, was present on
multiple studies of blood and marrow. This peak was
abolished by heating the hemolysate to 50°C before
chromatography and did not appear in control samples.
Subsequent structural studies described elsewhere (24)
identified this peak as 3Indianapolis (f3Ind /3112[G14] arg).
When the peripheral blood was incubated at 22°C, there
was a 30% increase in the counts recovered from p8lnd.
Kinetic studies. Time-course incubation studies are

presented in Table IV. These studies revealed that the
13A:a ratio remained essentially constant with time,

TABLE I
Hematologic Findings in Patients with Hb Indianapolis and in Unaffected Family Members

Age Hb PCV RBC* MCVt MCH§ MCHCO Corrected WBCi nRBC** Reticulocytes

yr gldl 10"lliter fl pg gldl loIliter per lo WBC %

Proband 9 4.7 16 2.54 75 26.2 29.4 7.1 42 14
Father 34 5.7 18 2.77 72 22.7 31.4 8.6 133 45
Mother 32 12.5 37 4.42 82 28.1 33.8 11.3 1.5
Brother 12 12.0 36 4.95 81 28.0 33.3 9.1 1.0
Sister 14 12.0 36 5.01 82 29.0 33.3 7.7 1.0

* Eryirocytes.
t Mean corpuscular volume.
§ Mean corpuscular hemoglobin.
Mean corpuscular hemoglobin concentration.

¶ Leukocyte count.
** Nucleated erythrocytes.
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TABLE II
5'Cr and 59Fe Erythrokinetic Studies in Hb Indianapolis

Erythrocyte Fe

"Cr t,,2 Plasma Fe -9Fe t,2 PITR* EITRt Use

d pgldl min mg/lkg/d mg/lkg/d % at day 14

Father 14 207 40 2.74 0.96 38
Normal 28-32 80-150 60-100 0.46-0.78 0.43-0.72 >80

* Plasma iron tumover rate.

I Erytirocyte iron turnover rate.

whereas the I3Ind:a and f8nd:,8A decreased with increas-
ing time. The ,3Ind/18A ratio of 0.8 at 1.25 min of incubation
of the proband suggests that l#Indwas synthesized at a
normal or near normal rate. Also of interest are the
findings in the erythrocyte ghosts (Table IV). There
were only 131nd and a-chain counts in the stroma, with
no evidence of 8A radioactivity. Furthermore, the pro-
portion of 8Ind chains in the stroma decreased with time,
suggesting loss of these chains.
Pulse-chain studies. The pulse-chain studies (Table

V) demonstrated little change in the 13A:a ratio and de-
creasing fIndd:a and ,83ndj,8A ratios with time, suggesting
loss of fI8nd chains rather than a rapid decline in their
synthesis. As in the kinetic studies, there was a decrease
in the proportion of pf3nd in the stroma with time.
HLA typing and erythrocyte antigens. The results

of HLA tissue typing are presented in Table VI. False
paternity can be excluded for both the proband and her
father; thus, as would be expected, there is no linkage
of the gene for Hb Indianapolis with the major histo-
compatibility locus. Studies ofABO, Rh, MNS, P, Kell,
Lutheran, Duffy, and Kidd blood groups in the father
and paternal grandparents again gave no indication of
false paternity.

DISCUSSION

With the exception of the thalassemia-like conditions
associated with the 883-fusion gene products of Lepore

TABLE III
Globin Chain Biosynthesis Studies in Reticulocytes and Bone

Marrow in Hb Indianapolis*

Peripheral blood Bone marTow

/3A:a 1A + tId:a /A:a flA + M'd:a

Proband 0.38 0.51 1.14 1.30
Father 0.40 0.52 0.83 1.00

Normal+SE
(n = 27) 0.98+0.02 1.01±0.10

* Results are reported as the ratio of the total number of counts
incorporated into the a- and non-a-chains separated by CM-

cellulose column chromatography after 1 h incubation at 37°C.

hemoglobins (1-3) and the elongated a-chains of Hb
Constant Spring (14) and its close relatives (15, 16),
the primary structure of individual globin chains in the
thalassemia syndromes is normal (1-3). Although im-
balanced globin chain synthesis has occasionally been
associated with unstable hemoglobin variants, such
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FIGURE~1 Chain separation by CM-cellulose column chro-
matography of hemolysates of peripheral blood and bone
marrow samples incubated at 37'C in the presence of [3H]-
leucine for 1 h. The upper panel represents the peripheral
blood of a normal control. The middle panel represents the
peripheral blood of the proband. The lower panel represents
the bone marrow ofthe proband. ,8ind iS indicated by the arrow,
A2, by the solid lines, and disintegrations per minute (DPM)
by the dashed lines. The positions of the y_, ,A-, and a-chains
of hemoglobin are indicated in the upper panel. These columns
were run from the same gradient and monitored simultaneously
in a multichannel recording spectrophotometer. The bone
marrow sample was stored at -80°C and run 3 mo later. It dif-
fered from experiments on fresh samples (e.g., Table III) in
that the 8,fnd:,8A ratio was 0.05 instead of 0.15.
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TABLE IV
Kinetic Biosynthesis Studies of Reticulocytes from Patients

with Hb Indianapolis

Stroma-free hemolysate Stroma

Individual Incubation time laA/a A":a a1d:pA .A + 1nd3Ia B/s:a

'flitn

Proband 1.25 0.35 0.28 0.80 0.63 2.1
2.5 0.36 0.24 0.67 0.60 1.6
5.0 0.36 0.22 0.61 0.58 0.81

10 0.37 0.18 0.49 0.54 0.72
20 0.35 0.16 0.46 0.51 0.74

Father 1.25 0.42 0.23 0.55 0.65 2.8
2.5 0.42 0.21 0.50 0.63 1.9
5.0 0.40 0.17 0.43 0.57
10 0.41 0.16 0.39 0.57
20 0.40 0.13 0.32 0.53 0.68

cases do not appear to have the clinical and hematologic
manifestations of thalassemia (13). The patients with
Hb Indianapolis, therefore, appear to be unique; they
have the phenotype of homozygous or possibly severe
heterozygous 8-thalassemia which is the result of the
production of a p-chain variant of extreme instability.
Although synthesized at what appears to be a near
normal rate for heterozygous 8-chain variants (32), the
p8Ind chain is rapidly degraded to the point where it is
undetectable in erythrocyte hemolysates by hemoglobin
electrophoresis, isoelectric focusing, or by its absorbance
at 280 nm on CM-cellulose column chromatography.

Clinically and hematologically, both patients re-
semble individuals with homozygous 8-thalassemia,
rather than those with typical heterozygous f-thalas-
semia (1, 2) or the inclusion body variety of heterozygous

TABLE V
Pulse-Chase Studies of Reticulocytes from Patients

with Hb Indianapolis

Stroma-free hemolysate Stroma

Individual Chase period 8A:a 6nda nd A OA +IOnd:, Ond:a

min

Proband 0.0* 0.34 0.21 0.62 0.54 1.9
2.5 0.35 0.17 0.48 0.52 0.91
5.0 0.37 0.14 0.38 0.51

10 0.39 0.10 0.26 0.49 0.32
20 0.39 0.06 0.15 0.45 0.25

Father 0.0* 0.37 0.17 0.46 0.54 3.2
2.5 0.36 0.13 0.36 0.49
5.0 0.38 0.09 0.24 0.47 0.61

10 0.36 0.07 0.19 0.43 0.23
20 0.37 0.03 0.08 0.40 0.12

* 5.0-min pulse period.

TABLE VI
HLA Typing of Patients with Hb Indianapolis

and Family Members

HLA

Proband A9, B12, CW4/A28, B12
Father A9, B12, CW4/AW26, BW38
Mother A2, TT/A28, B12
Brother A2, TT/AW26, BW38
Sister A28, B12/AW26, BW38
Grandfather (paternal) A9, B12, CW4/A2, B12
Grandmother (paternal) Al, unknown/AW26, BW38

,B-thalassemia (33, 34). The ferrokinetic studies are typi-
cal of individuals with the ineffective erythropoiesis
most characteristic of homozygous 8-thalassemia (18,
27). Yet, the family evaluation, biosynthetic studies,
and hemoglobin studies are all indicative of hetero-
zygosity for the abnormal 8-chain allele with direct
transmission ofthe disorder from the father to daughter.
Family studies also indicated that the gene for Hb
Indianapolis arose from a spontaneous mutation, be-
cause paternity could not be ruled out in the paternal
grandfather. Unstable hemoglobins arising from spon-
taneous mutations are not uncommon, whereas thalas-
semias arising from this mechanism are extremely
rare (2, 35, 36).

It is also difficult to explain why heterozygosity for
Hb Indianapolis results in a severe hemolytic anemia,
whereas heterozygous p0-thalassemia, which like het-
erozygous ,8nd has only half the usual number of p-chains
available, is most often a disorder with minimal clinical
and hematologic abnormalities. The family studies
make it very unlikely that the so-called silent carrier
type of,-thalassemia (37) is present in this kindred,
accounting for the clinical findings in both patients
with Hb Indianapolis. The pathophysiology of thalas-
semia derives not so much from the effects of diminished
synthesis ofa globin chain, as from the damage to devel-
oping erythroblasts by the precipitates of the chain left
in excess (1-3). The efficiency of cellular mechanisms
for the removal of these redundant chains may play
some role in the determination ofthe pathologic conse-
quences of a thalassemic gene. Globin synthesis and
family studies indicate that both patients have about
half the usual amount of ,-chain. Similar genetic and
synthesis studies in p8-thalassemia are most often not
associated with the clinical and hematologic findings
noted in our patients. It may be that the unstable p8lnd
chain, during the course of its intracellular destruction,
causes cellular damage in excess of that found by the
relatively mild excess of a-chain noted in heterozygous
,80-thalassemia. This is suggested by the finding that the
Heinz bodies isolated from cells of these patients con-
sisted of both p8snd and a-chains. Heinz bodies, of any
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composition, are usually not found in the cells of patients
with heterozygous f80-thalassemia.
The catabolism of Hb Indianapolis may be inferred

from the kinetic and pulse-chase studies. The kinetic
studies indicated that there is either rapid loss of p8nd
or a rapid decline in its synthesis relative to the other
chains. The pulse-chase studies clearly showed the
former mechanism to be operative. The half-life of the
8lnd chain in the stroma-free hemolysate appeared to be
between 5 and 10 min. By 20 min of chase, the radio-
activity associated with this chain was essentially ab-
sent. Because the ,3A:a ratio remained nearly constant
in the pulse-chase studies, and no,8A was found in the
stroma, it may be concluded that very few ,8A or a-chains
become associated with the membrane during the
chase. If this is the case, then the abnormal chain is
also lost very rapidly from the ghosts. It is impossible
in the present study to determine the rate of its loss,
because it can only be related to the a-chain, whose rate
of loss is unknown.
The kinetic and pulse-chase studies suggest that 8lnd

is rapidly precipitated from the soluble cell phase to the
erythrocyte ghosts where it is rapidly catabolized. It is
tempting to speculate that this extremely rapid precipi-
tation and catabolism are responsible for the clinical
findings in this hemoglobinopathy.
There have been numerous descriptions of unstable

,8-chain variants associated with hemolytic anemia (38).
In most, there are only mild-to-moderate degrees of
anemia with the proportion of25-30% unstable hemo-
globin detectable in hemolysates. The a:13 biosynthetic
ratios are nearly balanced, the variant,8-chain is synthe-
sized at a rate equal to that of the 8A chain, and the
erythrocytes are normocytic and have a normal hemo-
globin content (2). Hb Bushwick (f874gly _* val) appears
to be one of the most unstable ,8-chain variants described
to date (39). It was present at a level of 1-2% ofthe total
hemoglobin. Synthesis studies demonstrated its rapid
post-translational destruction, but, in common with
other patients having unstable 8-variants, the affected
individuals, despite evidence for hemolytic disease,
were not anemic and had normal erythrocyte indices,
and the synthesis of a- and 8-chains in reticulocytes
was equal (39). These findings led to the postulate that
the 8-allele in trans to the f-Bushwick gene was able
to compensate by increasing its output. Such "compen-
sation" is not found in reticulocytes of f8-thalassemia
nor does it appear to be present in reticulocytes of our
patients with Hb Indianapolis.
As mentioned, biosynthetic studies of most unstable

variants have revealed equal or nearly equal production
of a- and non-a-chains (2, 31). There is a slight excess
synthesis of a-chains in Hbs Koln (40,41), Hammersmith
(42), Bristol (43), Riverdale-Bronx (44,45), and Abraham
Lincoln (46). The ,8:a ratios in these hemoglobins range
from 0.8 to 0.9. For two of these hemoglobins (Hbs

Koln and Abraham Lincoln), experimental evidence
suggested that this slight imbalance in globin chain
synthesis is the result of early degradation of the un-
stable a-chain (41, 46).
An exception to the rule ofbalanced globin synthesis

in unstable hemoglobin disorders is the case of Hb
Leiden (31). In this a-chain variant, in which the glu-
tamic acid residue at position six or seven is deleted,
an excess of a-chains relative to ,8-chains was found with
,/:a ratios between 0.47 and 0.63 in reticulocytes and
0.82 in marrow. Hb Leiden represents about 24% ofthe
total hemoglobin and is associated with very mild
hemolysis, and normal erythrocyte indices. It was not
clear why Hb Leiden differed from other unstable
hemoglobins in regard to globin chain synthesis, al-
though it was postulated that excessive numbers of
a-chains might be made (31).
Hb Indianapolis is similar to Hb Leiden with regard

to globin synthesis. In Hb Indianapolis, the /8A:a total
radioactivity ratios were consistently around 0.4; these
ratios were about 0.3 in Hb Leiden. If the '8A and
a-chains were synthesized at normal rates, the 13A:a
ratio would be expected to be 0.5. The low ratio in Hb
Indianapolis patients is all the more puzzling because
of the binding of a but not ,xA to the stroma. As in
the case of Hb Leiden, we have no experimental evi-
dence to support a mechanism for this imbalance.

Structural abnormality of the affected globin chain
was an early hypothesis concerning the molecular
pathology ofthe thalassemia syndromes. The structural
abnormality in Hb Indianapolis certainly produces the
phenotype of severe ,3-thalassemia. As there were no
standard laboratory techniques that suggested the pres-
ence of an abnormality in the structure of the ,8-globin
chain, it is likely that similar disturbances in the pri-
mary sequence of globin chains may be responsible for
some cases previously thought to be one of the hetero-
geneous varieties of f8-thalassemia.

ACKNOWLEDGMENTS

We would like to thank Dr. H. Franklin Bunn for the original
isoelectric focusing studies, and Mr. W. Tully Morrison for
excellent technical assistance. We are also indebted to Connie
Palmer, Tabithia Benson, and Joyce Farrar for secretarial
assistance.
This work was supported in part by Veterans Administration

Research Funds, grants from the National Institutes of Health,
and a grant from the Mississippi Heart Association.

REFERENCES

1. Weatherall, D. J., and J. B. Clegg. 1972. The Thalassemia
Syndromes. Blackwell Scientific Publishers. Oxford. 1-5.

2. Bunn, H. F., B. G. Forget, and H. M. Ranney. 1977. Human
Hemoglobins. W. B. Saunders Co., Philadelphia. 140-192.

3. Bank, A. 1978. The thalassemia syndromes. Blood. 51:
369-384.

4. Forget, B. G., E. J. Benz, A. Skoultchi, C. Baglioni, and

936 Adams, Boxer, Baehner, Forget, Tsistrakis, and Steinberg



D. Housman. 1974. Absence of messenger RNA for ,/ glo-
bin chain in /80 thalassemia. Nature (Lond.). 247: 379-
381.

5. Kacian, D. L., R. Gambino, L. W. Dow, E. Grossbard,
C. Natta, F. Ramirez, S. Spiegelman, P. A. Marks, and
A. Bank. 1973. Decreased globin messenger RNA in
thalassemia detected by molecular hybridization. Proc.
Natl. Acad. Sci. U. S. A. 70: 1886-1890.

6. Kazazian, H. H., Jr., E. D. Ginder, P. G. Snyder, R. J.
VanBeneden, and A. P. Woodhead. 1975. Further evidence
ofa quantitative deficiency ofchain specific globin mRNA
in the thalassemic syndromes. Proc. Natl. Acad. Sci.
U. S. A. 72: 567-571.

7. Taylor, J. M., A. Dozy, Y. W. Kan, H. E. Varmus, L. E. Lie-
Injo, J. Ganesan, and D. Todd. 1974. Genetic lesion in
homozygous a-thalassaemia (hydrops fetalis). Nature
(Lond.). 251: 392-393.

8. Ramirez, F., J. V. O'Donnell, P. A. Marks, A. Bank,
S. Musumeci, G. Schiliro, G. Pizzarelli, G. Ruso, B. Luppis,
and R. Gambino. 1976. Abnormal or absent /3 mRNA in
,30 Ferrara and gene deletion in 86/ thalassaemia. Nature
(Lond.). 263: 471-475.

9. Kan, Y. W., A. M. Dozy, H. E. Varmus, J. M. Taylor, J. P.
Holland, L. E. Lie-Injo, J. Ganesan, and D. Todd. 1975.
Deletion of a-globin genes in haemoglobin H disease
demonstrates multiple a-globin structural loci. Nature
(Lond.). 255: 255-256.

10. Ottolenghi, S., W. G. Lanyon, J. Paul, R. Williamson, D. J.
Weatherall, J. B. Clegg, J. Pritchard, S. Pootrakul, and
W. H. Boon. 1974. The severe form of a-thalassaemia is
caused by a haemoglobin gene deletion. Nature (Lond.).
251: 389-392.

11. Tolstoschev, P., J. Mitchell, G. Lanyon, R. Williamson,
S. Ottolenghi, P. Comi, B. Giglioni, G. Masera, B. Modell,
D. J. Weatherall, and J. B. Clegg. 1976. Presence of gene
for ,/ globin in homozygous /0 thalassemia. Nature (Lond.).
260: 95-98.

12. Ramirez, F., C. Natta, J. V. O'Donnell, V. Canale, G. Bailey,
T. Sanguensermsri, G. M. Maniatis, P. A. Marks, and
A. Bank. 1975. Relative numbers of human globin genes
assayed with purified a and /3 complementary human
DNA. Proc. Natl. Acad. Sci. U. S. A. 72: 1550-1554.

13. Kan, Y. W., A. M. Dozy, R. Trecartin, and D. Todd. 1977.
Identification of a nondeletion defect in a-thalassemia.
N. Engl. J. Med. 297: 1081-1084.

14. Clegg, J. B., D. J. Weatherall, and P. F. Milner. 1971.
Haemoglobin Constant Spring-a chain termination mu-
tant. Nature (Lond.). 234: 337-340.

15. Clegg, J. B., D. J. Weatherall, I. Contopolou-Griva,
K. Caroutsos, P. Pounggouras, and H. Tsevrenius. 1974.
Haemoglobin Icaria, a new chain termination mutant
which causes a thalassemia. Nature (Lond.). 251: 245-
247.

16. Bradley, T. B., R. C. Wohl, and G. J. Smith. 1975. Elonga-
tion of the a-chain in a black family: interaction with
HbG Philadelphia. Clin. Res. 23: 131A. (Abstr.)

17. Recommended methods for radioisotope red-cell survival
studies. A report by the ICSH panel on diagnostic appli-
cations of radioisotopes in haematology. 1971. Br. J.
Haematol. 21: 241-250.

18. Cavill, I., C. Ricketts, A. Jacobs, and E. Letsky. 1978.
Erythropoiesis and the effect of transfusions in homozy-
gous /-thalassemia. N. Engl. J. Med. 298: 776-778.

19. Huisman, T. H. J. 1969. Human hemoglobins. In Bio-
chemical Methods in Red Cell Genetics. J. J. Yunis, editor.
Academic Press Inc., New York. 391-504.

20. Drysdale, J. W., P. Rhigetti, and H. F. Bunn. 1971. The
separation of human and animal hemoglobins by isoelec-

tric focusing in polyacrylamide gel. Biochim. Biophys.
Acta. 229: 42-50.

21. Boyer, S. H., E. F. Crosby, and A. N. Noyes. 1968. Hemo-
globin switching in non-anemic sheep. I. Mediation by
plasma from anemic animals. Johns Hopkins Med. J. 123:
85-91.

22. Dodge, J. T., C. Mitchell, and D. J. Hanahan. 1963. The
preparation and chemical characteristics of hemoglobin
free ghosts of human erythrocytes. Arch. Biochem. Bio-
phys. 100: 119-130.

23. Clegg, J. B., M. A. Naughton, and D. J. Weatherall. 1966.
Abnormal human haemoglobins. Separation and charac-
terization of the a and /8 chains by chromatography and
the determination of two new variants, Hb Chesapeake
and HbJ (Bangkok). J. Mol. Biol. 19: 91-108.

24. Adams, J. G., M. H. Steinberg, L. A. Boxer, R. L. Baehner,
B. G. Forget, and G. A. Tsistrakis. 1979. The structure of
hemoglobin Indianapolis (,8112(G14) arginine): an un-
stable variant detectable only by isotopic labeling.J. Biol.
Chem. In press.

25. DeSimone, J., J. G. Adams, and J. Shaeffer. 1977. Evi-
dence for rapid loss of newly synthesized haemoglobin S
molecules in sickle cell anemia and sickle cell trait. Br. J.
Haematol. 35: 373-385.

26. Terasaki, P. I., and J. D. McClelland. 1964. Microdroplet
assay of human serum cytotoxins. Nature (Lond.). 204:
998-1000.

27. Finch, C. A., K. Deubelbeiss, J. D. Cook, J. W. Eschbach,
L. A. Harker, D. D. Funk, G. Marsaglia, R. S. Hillman,
S. Slichter, J. W. Adamson, A. Ganzoni, and E. R. Giblett.
1970. Ferrokinetics in man. Medicine (Baltimore). 49:
17-53.

28. Erlandson, M. E., I. Schulman, G. Stern, and C. H. Smith.
1958. Studies of cogenital hemolytic syndromes. I. Rates
of destruction and production of erythrocytes in thalas-
semia. Pediatrics. 22: 910-922.

29. Schwartz, E. 1970. Heterozygous beta thalassemia: bal-
anced globin synthesis in bone marrow cells. Science
(Wash. D. C.). 167: 1513-1514.

30. Clegg, J. B., and D. J. Weatherall. 1972. Haemoglobin
synthesis during erythroid maturation in ,f-thalassaemia.
Nat. New Biol. 240: 190-192.

31. Reider, R. F., and G. W. James. 1974. Imbalance in a and
,8 globin synthesis associated with a hemoglobinopathy.
J. Clin. Invest. 54: 948-956.

32. Lehmann, H., and P. A. M. Kynock. 1976. Human Haemo-
globin Variants and Their Characteristics. North-Holland
Publishing Co., Amsterdam. 241.

33. Stamatoyannopoulos, G., R. Woodson, T. Papayannopoulou,
D. Heywood, and S. Kurachi. 1974. Inclusion body /8-
thalassemia trait. A form of /-thalassemia producing
clinical manifestations in simple heterozygotes. N. Engl.
J. Med. 290: 939-943.

34. Friedman, S., R. Ozsoylu, Y. Luddy, and E. Schwartz.
1976. Heterozygous beta thalassemia of unusual severity.
Br. J. Haematol. 32: 65-77.

35. Tonz, O., K. H. Winterhalter, and B. E. Glatthaar. 1973.
New mutation leading to /3-thalassemia minor. Nat. New
Biol. 241: 127-128.

36. Noronha, P. A., and G. R. Honig. 1978. O-Thalassemia
arising as a new mutation in an American child. Am. J.
Hematol. 4: 187-192.

37. Schwartz, E. 1969. The silent carrier of beta thalassemia.
N. Engl. J. Med. 281: 1327-1333.

38. Reider, R. F. 1974. Human hemoglobin stability and in-
stability. Molecular mechanisms and some clinical corre-
lations. Semin. Hematol. 11: 423-440.

39. Reider, R. F., D. J. Wolf, J. B. Clegg, and S. L. Lee. 1975.

Hemoglobin Indianapolis: Phenotype of Severe Thalassemia 937



Rapid postsynthetic destruction of unstable haemoglobin
Bushwick. Nature (Lond.). 254: 725-727.

40. White, J. M., and M. C. Brain. 1970. Defective synthesis of
an unstable haemoglobin: haemoglobin Koln (PO val-met).
Br. J. Haematol. 18: 195-209.

41. Huehns, E. R. 1970. The unstable haemoglobins. Bull.
Soc. Chim. Biol. 52: 1131-1146.

42. White, J. M., and J. V. Dacie. 1970. In vitro synthesis of
Hb Hammersmith (CD1 phe -* ser). Nature (Lond.). 225:
860-861.

43. Steadman, J. H., A. Yates, and E. R. Huehns. 1970. Idio-

pathic Heinz body anaemia: Hb Bristol (,867(EII) val
asp). Br. J. Haematol. 18: 435-446.

44. Bank, A., J. V. O'Donnell, and A. S. Braverman. 1970.
Globin chain synthesis in heterozygotes for beta chain
mutations. J. Lab. Clin. Med. 76: 616-621.

45. Zalusky, R., J. Ross, and J. H. Katz. 1970. Dissociation and
exchange ofchains in an unstable haemoglobin. Proceed-
ings of the Thirteenth Congress of the International
Society on Hematology, Munich. 257.

46. Honig, G. R., R. G. Mason, L. N. Vida, and M. Shamsuddin.
1974. Synthesis of hemoglobin Abraham Lincoln (P32
leu -. pro). Blood. 43: 657-664.

938 Adams, Boxer, Baehner, Forget, Tsistrakis, and Steinberg


