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f30-Thalassemia From Algeria:
Genetic and Molecular Characterization

By J. Godet, G. Verdier, V. Nigon, M. Belhani, F. Richard, P. Colonna,

J. Mitchell, R. Williamson, and P. Tolstoshev

3-Thalassemia is a major public health
problem in Algeria. During a survey, a

family including two cases of �30-thalas-

semia was studied. The family study
indicated that two of the affected siblings

had homozygous /3-thalassemia; there
were also both normal and heterozygous

siblings, and both parents had /3-thalas-

semia trait. In the two cases of /30-thalas-
semia there was no hemoglobin A in the
peripheral blood, and no /3-globin chain

synthesis in whole cell incubations. Hy-

bridization of purified complementary

DNA specific for a- and �3-globin messenger

RNAs demonstrated less than 1% mRNA�
relative to mRNAa in circulating reticulo-
cytes, and for one case in total RNA from
bone marrow. There is no apparent /3-
globin gene deletion as determined by
hybridization in globin cDNA� sequence
excess. Therefore the Algerian cases
studied are similar in molecular pathology
to some Southern Italian and Asian cases
described previously, and differ from other
Italian and Chinese f30-thalassemias, in

which hybridizable mRNA� has been
demonstrated, and from t5/30-thalassemia,
which is caused by a gene deletion.

T HE fl0-THALASSEMIAS’ are proving to be heterogeneous in the under-

lying molecular lesions. The few cases of /30-thalassemia reported from

Italy and Greece are caused by gene deletions,2’3 as in the form of hereditary

persistence of fetal hemoglobin found in blacks.25 Several cases have been

studied in which the gene for /3-globin is apparently present but no mRNA� can

be detected.68 In other /30-thalassemias from Catania and China, hybridizable

mRNA� is present but no /3-chain synthesis occurs.39 Finally, f30-thalassemia

from Ferrara may contain normal mRNA� which cannot be translated because

of a defect in a specific initiation factor,’#{176} although other evidence suggests a

structurally altered mRNA�.3

/3-thalassemia is common in Algeria; the gene frequency in the population

has been estimated to be as high as 3%.ll An investigation of the molecular

pathology of two Algerian patients with f30-thalassemia i.s reported in this

paper.

Palients

MATERIALS AND METHODS

The family studied originated from the Kabylie area, Algeria. One of the two � homozygous

children (K.E.) was transfusion independent and 8 yr of age. The other (F.A.) age II, had been

splenectomized approximately 3� yr previously, and required frequent transfusions.
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Hematologic Parameters

The hematologic parameters were measured with the Coulter Model S. Levels of hemoglobins A,

A2, and F were determined by chromatography on DEAE-Sephadex A50 (Pharmacia, Uppsala) as

described by Dozy et al.’2

Whole-cell incubations in the presence of 3H-4-5-L-leucine (specific activity 15-30 Ci/mmole;

Centre d’Energie Atomique, Saclay, France) and separation of globin chains were performed as

described by Clegg et al.’3

Preparation ofHuman Globin mRNA and Complementary DNA

Normal human globin mRNA0� was isolated from the total RNA of reticulocytes from non-

thalassemic patients by affinity chromatography with Oligo (dT)-cellulose (Collaborative Research,

Waltham, Mass.) as previously described.2’6’7

DNA complementary to globin mRNA0� was synthesized using RNA-dependent DNA poly-

merase prepared from avian myeloblastosis virus, with 3H-d-CTP (Radiochemical Centre,

Amersham, U.K.; specific activity 22 Ci/mmole) as the only labeled nucleotide. The conditions

for cDNA preparation were as previously described2’6’7 with a concentration of 90 ,tiM 3H-
d-CTP, and 500 MM for the other three unlabeled nucleotides. The cDNA had an apparent average

molecular weight of 200,000 as determined by electrophoresis on 4#{176}/a polyacrylamide gels in the

presence of formamide.16 The specific activity of cDNA was 10.85 x 106 cpm/�g at a counting

efficiency for 3H of 31.4%.

Preparation ofcDNA a and eDNA ,�

cDNAfi was prepared as previously described6’7 by hybridizing cDNAa6 with total reticulocyte

RNA obtained from a patient with /30-thalassemia. This RNA had no detectable /1- or b-globin

mRNA sequences.7 The nonhybridized (fl-globin-enriched) component was isolated as single-

stranded material after chromatography on hydroxylapatite at 60’C. The �3-enriched cDNA was

subjected to a second purification cycle of hybridization with �0-thalassemic RNA followed by

hydroxylapatite chromatography. Its purity, as estimated by hybridization to �0-thalassemic

RNA, was approximately 90%. The cDNA6 hybridized to 75% completion with mRNAa6, and

had a 5% S,-nuclease resistant component.

cDNAa was prepared from the hybridized (a-enriched) component of cDNAa�, i.e., the

double-stranded material from the first-cycle hydroxylapatite chromatography. This material was

also subjected to a second cycle of hybridization with f30-thalassemic RNA, and the hybridized

component was isolated by hydroxylapatite chromatography. Since no hydrops fetalis RNA was

available, the purity of the cDNAa was estimated from the difference in its hybridization to

mRNAa�, (where contaminating fi-globin sequences could hybridize) and to �0-thalassemic

RNA (where only the a-globin sequence could hybridize). This method gave a purity estimate of

approximately 85#{176}’,.The cDNAa hybridized to 90% completion with mRNAa8 and had a 10%

S1-nuclease resistant component.

Preparation ofI3o-Thalassemic RNA and DNA

Washed whole blood cells from the two �90-thalassemic patients (from the transfusion-dependent

patient, F.A., blood was collected approximately 2 mo after transfusion) were lysed with 3 volumes

of 1 mM MgCI2, 0.1#{176},diethyl pyrocarbonate. The l�sate was centrifuged at low speed, and the

supernatant was extracted with phenol-chloroform6’ to give total reticulocyte RNA. The pellet,

containing membranes and unlysed white blood cells, was used to prepare DNA by the use of

hydroxylapatite.2’14 The DNA was sonicated to an average single-strand size of 400-600 bases and

was treated with 0.3 N NaOH at 37#{176}Cfor 16 hr to hydrolyze any contaminating RNA. After

neutralization and precipitation with ethanol, the DNA was desalted by passage through Sephadex

0-50. The DNA concentration was determined by the diphenylamine method17 using calf thymus

DNA as a standard.

Total marrow cytoplasmic RNA was prepared from a small sample of washed marrow cells, as

described for blood cell extraction above.
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Hybridization ofcDNA With RNA

cDNAaorcDNA� (0.1 ng) in 2 pl was incubated in silicone-coated glass capillaries, with in-

creasing amounts of the test RNA, in a solution containing 0.5 M NaCI, 25 mM HEPES buffer

(pH 6.8), 10 mM EDTA, 50#{176},formamide, and approximately 2.5 mg/mI Escherichia coli RNA.

After incubation for 83 hr at 43#{176}C,the contents of the capillaries were flushed out with 250 M1
of 0.07 M sodium acetate buffer, pH 4.5, containing 2.8 mM ZnSO4, 0.14 M NaCI, and 10

�g/ml denatured calf thymus DNA. The proportion of radioactive cDNA rendered resistant to

5, nuclease (Sigma Chemical Co., London; 30 U/point, incubation at 37#{176}Cfor I hr) was

determined.

Hybridization ofcDNA With DNA

Normal DNA (prepared from a normal placenta exactly as described for the thalassemic DNA)

and fl0-thalassemic DNA (25-IOO�g) were mixed with increasing amounts of cDNAa or cDNAfl,

in 0.12 M sodium phosphate buffer(pH 6.8), 1 mM EDTA, at a DNA concentration of 5 mg/mI.

The aliquots were sealed in glass capillaries, boiled for 10 mm to denature the DNA, and in-

cubated at 68#{176}Cfor 44 hr. The contents were flushed out with nuclease assay buffer (0.07 M sodium

acetate buffer, pH 4.5, 2 mM ZnSO4, 0.14 M NaCI; 500 .tl/lOO �g DNA) and were assayed for

radioactivity resistant to S� nuclease (70 U/lOO zg DNA, incubation at 37’C for 2 hr) as pre-

viously 618

The percentage of the cDNA hybridized was converted to picograms cDNA and corrected for

the background �l resistance of the cDNA as previously described.’8 The background resistance

of the cDNA, measured at the same cDNA/DNA ratios as the experimental points, ranged be-

tween 1% and 3% at the high levels of S1-nuclease used for this analysis.

RESULTS

The family pedigree and hematologic values are shown in Fig. I and Table 1.

Both parents had /3-thalassemia trait, with mild anemia and elevated hemo-

globins A2 and F; normal (A.B.), /3-thalassemia trait (A.L., M.O., L.O., Z.A.),

and /30-thalassemia (F.A., K.E.) were found in the children. No hemoglobin

A was detected in lysates of peripheral blood from K.E. and F.A. after DEAE-

Sephadex chromatography (<0.2%). The analysis was performed on F.A. prior

to commencement of transfusion.

Whole-cell incubations were performed on peripheral blood from both

homozygotes. Separation of globin chains on carboxymethylcellulose showed a

AK NA

A2 5-2% A2 55%
A 92 A 93
F3 F2

A2 5-2% A2 2% A2 4-2% A2 5-5% A2 5-2% A2 1-7% A2 1-4%

A 94-8 A 98 Deceased A94 A945 A 948 A - A -

F 2 F 98-3 F 98-7

Fig. 1. Pedigree of the family studied, November 1975. Proportions of hemoglobins A, A2,
and F, expressed as a percentage of total hemoglobin, are shown for living family members.
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Table 1. Hematologic Parameters of the Family Studied

Packed Cell
Volume

(%)

Hb Level

(g/dl)

RBC

(x 10#{243}/cumm)

MCV

(Cu aim)

MCH

(pg/cell)
MCHC
(g/dl)

Reticulocyte

Count

(%)

AK. (Father) 38 11.7 5.200 73 22.9 34.9 1

N.A.(Mother) 32 10.6 5.360 58 19.5 34.5 2.8

AL. 38.3 12.7 6.130 63 - 33.1 1.3

A.B. 45 14.7 - 88 - - -

MO. 34.8 11.4 5.000 70 - 32.7 0.94

L.O. 33.5 11.3 5.770 58 - 33.7 1.9

Z.A. 34.9 11.6 6.280 56 - 33.2 1

F.A. 22.7 7.4 2.640 86 28.2 33.6 10

K.E. 24.5 8.2 3.110 79 27.1 34.7 4.2

complete absence of /.3-globin chain synthesis (Fig. 2, F.A.; identical data for

K.E. not shown). This finding confirmed the diagnosis of f30-thalassemia. Simi-

lar curves were obtained 2 and 17 days posttransfusion for F.A. and for the

transfusion-independent case, K.E. The ratios of/3/a globin chain synthesis for

the father and mother were 0.62 and 0.69 respectively; the ‘y/a globin chain

ratios for the homozygotes F.A. and K.E. were 0.46 and 0.42, respectively.

Total cytoplasmic RNA was prepared from circulating reticulocytes. The

levels of mRNAa and mRNA� were estimated for each sample by titration with

0

E
�‘�:-

E
0.

0
0

>

U

0

0

Fig. 2. Separation of globin chains by carboxymethylcellulose chromatography after incubation
of whole cells with 3H.leucine. Whole blood cells from patient F.A., taken 2 days after transfusion,
were incubated with 3H-leucine, specific activity 30-SO Ci/mmole, at 37’C for 1 hr. Total cell
globin was extracted and chromatographed on carboxymethylcellulose as described in Materials

and Methods. Identical data were obtained with blood cells taken 17 days after transfusion, and
also with cells from the untransfused patient (K.E.). Solid line, absorbance at 280 nm; dotted
line, 3H radioactivity. The nonradioactive $-globin chain visible in the absorbance profile de-

nves from hemoglobin A from transfused red blood cells.
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Fig. 3. Titration of fl0-thalassemic RNA from reticulocytes with cDNAa and cDNA�. cDNAa or

cDNA6 (0.1 ng) was hybridized with increasing amounts of reticulocyte cytoplasmic RNA from
patient K.E. Hybridizations (in 2 zI for 83 hr at 43#{176}C)and determination of 51-resistant cDNA
radioactivity were performed as described in Materials and Methods. ., cDNAa; A, cDNA6.

purified cDNA� and cDNA6. The curve obtained for K.E. is shown in Fig. 3;

similar data were obtained for F.A. A further examination of a sample of total

RNA from marrow was performed on K.E. (Fig. 4). Although the reticulocyte

RNA from K.E. was able to hybridize the cDNA6 almost to completion (70%

compared with 75% hybridization of cDNA� to mRNA�6, data not shown) at

very high RNA inputs, the failure of F.A. reticulocyte RNA and K.E. reticulo-

cyte and marrow RNA to saturate completely the cDNA6 at the highest RNA

inputs tested may be due to several factors. Either the lack of part of the /3

globin RNA sequence, as has been proposed for f30-thalassemic patients from

0

cn
0

a

I

z
0

RNA / cDNA
fi�’ thai /

100 x

Fig. 4. Titration of i30-thalassemic RNA from marrow with CDNAa and cDNA�j. Marrow RNA
from patient K.E. (prepared as described in Materials and Methods) was titrated with cDNA� and
cDNA6 exactly as described in Fig. 3.., cDNAa; A, cDNA1j.
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pg hyb,,d,sabI. cDNA,/ 100 i’a DNA

Fig. 5. Saturation hybridization of normal and /.10.thalassemic DNA with cDNAa and cDNA6.
25-1 00 pg of normal placenta DNA (.) and fl0-thalassemic DNA from (K.E.) (A) were hybridized

with increasing amounts of cDNAa (A) and cDNA6 (B) in 0.12 M sodium phosphate buffer (pH
6.8), 1 mM EDTA, at a DNA concentration of 5 mg/mI for 44 hr at 68’C. The amounts of cDNA

rendered resistant to 51-nuclease digestion were determined as described in Materials and Meth-

ods.
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the Ferrara region of Italy,3 or simply insufficiently high RNA input levels

could explain these data. Alternatively, if /3-globin mRNA sequences were

totally absent, the observed hybridization might have been due to the presence

of low levels of #{244}-globin mRNA, and the lack of a plateau may reflect the in-

complete homology between /3- and #{244}-globin sequences. Insufficient material

was available to attempt experiments to distinguish between these possibilities.

Assuming that the observed hybridization was due to /3 globin in RNA Se-

quences, the ratio of/3 globin in RNA to a globin in RNA could be calculated

from the input RNA ratios required to half-saturate the respective cDNA

probes. Such calculations yielded values of 0.18% /3 mRNA relative to a

mRNA for reticulocytes from patients F.A., and 0.42% for reticulocytes and

0.98% for marrow from patient K.E. However, these very low levels of /3-like

sequences are compatible with their being #{244}-globin mRNA, which is thought to

cross-hybridize with cDNA8 under the hybridization conditions used.�8

A comparison was made of the number of hybridizing a- and /3-globin gene

sequences in nuclear DNA isolated from peripheral blood samples (Fig. 5). The

method of analysis used was that of moderate cDNA excess over its component

in the DNA2’6’7”8 since insufficient DNA was available for cDNA hybridization

in DNA excess. The technique of cDNA excess hybridization involved incuba-

tion with increasing amounts of cDNA to a fixed amount of DNA for sufficient

time to allow complete hybridization of the cDNA. The background resistance

of the cDNA to S, nuclease at the various cDNA/DNA ratios was also mea-

sured and was subtracted from the experimental values. In theory, a saturation

curve and a plateau which is a measure of the complementary sequence in the

DNA should be obtained. However, in practice, plateaus are only obtained if

the cDNA probes are extremely pure, since at very high eDNA/DNA ratios

pg hyb,.d.$sbl� �DNA_ / 00 .g DNA
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any contaminating sequences in the eDNA are also able to hybridize sig-

nificantly to their complements.

Although plateaus were not obtained in the experiments described here, no

differences in hybridization between normal and thalassemic DNA, with both

eDNA,, and eDNA6, were observed. This observation indicated that there was

no major deletion of the /3-globin sequences in the DNA of these /30-thalassemic

patients. This situation also existed in a previously reported /3-thalassemic

patient analyzed in the same way7 and in /30-thalassemic patients from the Ca-

tania region of Italy.3 In contrast, major deletions of the f3-globin (and probably

also the t5-globin) gene sequence have been found in cases of homozygous /3�-

thalassemia2’3 and hereditary persistence of fetal hemoglobin.25

DISCUSSION

The two cases of /3-thalassemia described were genetically and clinically

typical. Both parents had /3-thalassemia trait. Parents and siblings with

/3-thalassemia trait had raised hemoglobin A2, but the /30-homozygotes had

normal levels of hemoglobin A2, elevated mean cell volume relative to the

heterozygotes, and anemia with elevated reticulocyte counts. There was no

detectable hemoglobin A and no /3-globin chain synthesis, in either the transfu-

sion-independent patient who had not been splenectomized (K.F.) or the

transfusion-dependent splenectomized patient (F.A.), 2 or 17 days posttransfu-

sion. Therefore, there was no evidence for an activation of f3-globin synthesis

as a consequence of transfusion, as has been reported for some cases of Fer-

rara /30-thalassemia,’5 but not in others.3

The ratios of/3-like sequences to mRNAa were less than 0.01 both from cyto-

plasmic RNA from peripheral blood and from bone marrow RNA. This find-

ing contrasts with cases of f30-thalassemia of Chinese origin9 and Catania

/30-thalassemia,3 in which mRNA�/mRNAa ratios of greater than 0.25 have

been obtained. These Algerian patients were more similar to those reported

from southern Italy and Asia.7’8 A recent report’9 of seven /30-thalassemic pa-

tients indicated variable but low levels of f3-globin mRNA, with 1 patient hay-

ing no detectable /3-globin mRNA sequences. An analysis of /3� patients from

the Ferrara region of Italy3 suggested the presence of incomplete or structurally

abnormal /3-globin mRNA. Clearly, a wide heterogeneity exists in the levels of

/3-globin mRNA in the /30-thalassemias.

The levels of /3-like reacting sequence in samples from the Algerian patients

would be compatible with its being mRNA for #{244}-globin chains. In the bone

marrow RNA from the untransfused case, the ratio of /3-like sequences to

mRNAa was only slightly greater than that in reticulocyte cytoplasmic RNA.

Nuclear DNA from both /30-thalassemic patients hybridized to cDNA� and

cDNAa (in probe sequence excess) to an identical extent as normal DNA, show-

ing that a major deletion of the gene for /3 globin cannot be responsible for the

absence of/3-globin mRNA. The eDNA probes were prepared from almost full-

length cDNA��, but a point mutation or short deletion would not be detected

by these methods. Thus, the exact molecular nature of the lesion remains to be

defined.
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