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SUMMARY

Lymphocyte surface proteins of patients with ataxia-telangiectasia were separated by
polyacrylamide gel electrophoresis and compared by autoradiography. The patients
lacked one of the two main bands (Band I at the origin). The second main band (Band II)
was absent in some cases. All patients had one or two additional bands of smaller
molecular weight than Band II except one case who had no band detectable. In the
patients, alkaline phosphatase, total ATPase and Mg2+. ATPase were increased but
5'-nucleotidase was normal. The results suggest abnormality in the plasma membranes of
the patients' lymphocytes.

Keywords ataxia-telangiectasia lymphocyte cell surface autoradiography mem-
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INTRODUCTION

Ataxia-telangiectasia (A-T) is an autosomal recessive disorder characterized by progressive
cerebellar ataxia, oculocutaneous telangiectasia, hypersensitivity to ionizing radiation, immuno-
deficiency and predisposition to the development of neoplasia (Paterson & Smith, 1979). Most
patients die of infections or malignancies.

Membrane abnormalities may play an important role in cellular functions of patients with
immunodeficiency (Remold-O'Donnel et al., 1984; Thompson, Candy & McNeish, 1984).
Abnormal receptor sites in the thrombocyte membranes of an A-T patient with bleeding is reported
(Arkel et al., 1981). Impairment in cellular interactions between the lymphocytes in A-T patients
and in patients with chronic lymphocytic leukaemia is described (Weisbart et al., 1980). We studied
the cell surface of A-T lymphocytes by radioiodination and by measuring the activities of some
membrane bound enzymes.

MATERIALS AND METHODS

Fourteen patients (nine males and five females, aged 5-14 years) diagnosed as A-T in the
immunology Unit of the Department of Paediatrics, Hacettepe University, Ankara, Turkey were
studied. Seven were examined by autoradiography. Three of these patients and seven additional
cases (total of 10 cases) were included in the enzyme studies (Table 1). Fourteen controls (ages
ranging between 7 and 14 years) were selected from patients admitted to the hospital for minor
surgical operations; none of them had systemic disease or immunodeficiency.

Correspondence: Dr Nesrin Kartal Ozer, Department of Biochemistry, Hacettepe University Ankara,
Turkey.



Lymphocyte cell surfaces in A-T Ig
Serum immunoglobulins (IgG, IgM, IgA) and E-rosette test were determined by described

methods (Ersoy & Berkel, 1974).
To isolate lymphocytes, 10 ml venous blood drawn in heparinized syringes was mixed with 5 ml

of phosphate-buffered saline (PBS; 10 mm sodium phosphate buffer containing 0 9% NaCl, pH 7.2)
and layered over Ficoll-Hypaque (Sigma Chemical Co., St Louis, Missouri, USA). After
centrifugation at 500 g, for 30 min at 4 C the lymphocytes from the interface were collected and
transferred to another tube, treated with 10 ml of0 87% NH4Cl to lyse erythrocytes and washed two
times with PBS. They were resuspended in PBS at a concentration of 2 x 107 cells/ml (Bdyum, 1968;
Pettegrew, Nichols & Stewart, 1981). Less than 10% of macrophages were detected by
myeloperoxidase staining and viability by trypan blue exclusion was greater than 95%.

A control was run in parallel with each case.
To iodinate and solubilize lymphocyte surface proteins, intact lymphocytes were labelled with

1251 by the lactoperoxidase method (Smith et al., 1975). Twenty million cells were suspended in 1 ml
of PBS, pH 7-4 containing 150 mm NaCl, 50 pg lactoperoxidase (Sigma; 80 u/mg), 500 mM KI and
0-5 mCi carrier free 1251 (Amersham, UK). The mixture was warmed to 30'C and the reaction
started by the addition of 50 pl H202 (10 mM) with constant shaking. The same amount ofH202 was
added to the incubation mixture two more times at 5 min intervals and the reaction was terminated
by the addition of 17 5 ml cold PBS. Care was taken to maintain the pH at 7-2-7-4 during
incubation. The cells were washed four times in PBS and finally resuspended in 0 125 ml of the same
buffer; 95% remained viable by the trypan blue dye exclusion test. Incubation tubes without
lactoperoxidase and H202 constituted the blanks. The cells were shaken with equal volume of
1%(vol./vol.) Nonidet P-40 (Sigma) for 10 min at room temperature. The suspension was then
centrifuged at 1,300 g for 30 min at 4°C. Protein was determined in the supernatant (Lowry et al.,
1951).

An aliquot of supernatant containing 60 pg protein was applied to 10 cm of 7.5%
polyacrylamide gels with 0.5% SDS and electrophoresed (Weber, Pringle & Osborn, 1972). The gels
were fixed in 755% acetic acid overnight and subjected to autoradiography directly on X-Omat films
(Kodak) (Barritault & Hayes, 1973; Ho, 1979). The mol. wt of the iodinated proteins were
calculated from their mobilities compared to the migration of proteins ofknown mol. wt (Weber et
al., 1972).

Enzyme activities were determined in the lymphocyte homogenates prepared in 250 mM
sucrose-30 mm Tris-HCI, pH 7-4 (Dimitrov & Ellegaard, 1972), 5'-Nucleotidase, total adenosine
triphosphatase (ATPase) and Mg2+. ATPase were assayed by measuring the inorganic phosphate
liberated in the incubation mixtures containing the lymphocyte homogenate, the appropriate
substrates (5'-AMP at pH 7 4, ATP at pH 7 4 and ATP at pH 8 0, respectively), activators and
inhibitors for each enzyme (Michell & Hawthorne, 1965; Dupus & Doucet, 1981; Ellegaard &
Dimitrov, 1972; Dornand et al., 1974; Pau, Dornand & Mani, 1976).

Inorganic phosphate (Pi) was determined by the method of Ames (1966).
Alkaline phosphatase was determined by following the liberation of p-nitrophenole (PNP) at

pH 9 0 using p-nitrophenylphosphate as substrate (Neumann et al., 1976; Kramers, Catavsky &
Foa, 1978).

Mann-Whitney U test was used for statistical analysis (Rohlf & Sokal, 1969).

RESULTS

The only significant difference in immunological findings between the controls and patients was in
the IgA levels (Table 1). IgA was not detected in six and was very low in one patient. E-rosette
percentage was, also, low in five of these patients. Cases 6 and 7 were siblings.

Two bands were observed in the autoradiographs of all the controls: one band was at the origin
(Band I) and the other was spread in the region corresponding to 145.000-132.000 molecular
weights (Band II) (Table 2 and Fig 1).

Band I was not detected in any patient. Band II was detected in four patients. One or more
additional bands of smaller molecular weights than Band II were observed in six patients (Fig 2).
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Lymphocyte cell surfaces in A-T

Table 2. The radioactive labelled bands and their mol. wt

Additional bands
(mol. wt)

Band II
Group Band I (mol. wt) A B

1 + 132,000
2 + 145,000

o 3 + 133,000
c 4 + 135,000
0
U 5 + 135,000

6 + 133,000
7 + 145,000
1 - 132,000 108,000 -
2 - 130,000 76,000 34,000

a 3 - 135,000 80,000 -

4 - 130,000 84,000 -
n 55 - - _

6 - - 80,000 60,000
7 - - 115,000 51,000

Control 3 Control 7

Band I (origin)

Band E

Fig. 1. Autoradiographs of two controls (arrows indicate the radioactive labelled bands)

I2I
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Lymphocyte cell surfaces in A-T 123
Table 3. The activities of some membrane bound enzymes

5'-nucleotidase Alkaline phosphatase Total ATPase Mg2+ATPase
(nmol Pi/30 min/ (nmol PNP/min/ (pumol Pi/30 min/ (pumol Pi/30 min/
mg protein) mg protein) mg protein) mg protein)

Group Mean + s.d. Mean + s.d. Mean + s.d. Mean + s.d.

Control 90 62 + 36-22 0 98 +0 22 1-45 +0 35 1-49 + 043
(n= 10) (52 30 167-00)* (0-64-1 24) (0-97-2-15) (0-81-2-35)
Patient 9151 +57 11 1 67+0 52 1 93+0 48 1 94+0 65
(n= 10) (1700-19400) (1 05-263) (1 22-284) (1-13-306)

P >0-05 <0-01 <0-01 <0-05

n = number of cases.
* Number of parentheses indicate ranges.

Bands I and II were not detected in the two siblings (Case 6 and 7) but they had two smaller bands of
80.000, 60.000 and 115.000, 51.000 molecular weights, respectively. Case 5 who had developed a
lymphoma, revealed no radioactive labeled band. The autoradiographs prepared from lactoperoxi-
dase, H202 free incubation mixtures lacked radioactive labeled bands.

The activities of the membrane bound enzymes, alkaline phosphatase, total ATPase and
Mg2+.ATPase were all increased except 5'-nucleotidase (Table 3).

DISCUSSION

In A-T patients clinical, genetic and immunological heterogeneity have been observed. Many
studies in DNA synthesis and repair mechanisms, in tissue differentiation, in chromosomal
translocations especially ofchromosome 7 and 14, and dysfunction of the immune system have not
explained this heterogeneity (Setlow, 1978; Al Saadi, Palutke & Kumar, 1980; Painter & Young,
1980; Tamura et al., 1980; Murnane & Painter, 1983; Berkel et al., 1984).

The autoradiographic patterns in the patient group are not consistent. The absence of Band I in
all our patients and the absence ofBand II and the presence ofadditional radioactive labelled bands
in some patients show abnormality of the lymphocyte surface components in A-T patients. These
may result from migration ofsome intrinsic proteins of smaller mol. wt to the cell surface, synthesis
of abnormal cell surface proteins or conformational changes of normally synthesized cell surface
proteins.

Lymphocyte surface protein abnormalities in Wiskott-Aldrich syndrome has been reported
(Parkman et al., 1981; Remold-O'Donnel et al., 1984). Several iodination studies of lymphocyte
membranes from different sources have been published (Marchalonis, Cone & Santer, 1971; Smith
et al., 1975; Parkman et al., 1981; Williams et al., 1981). The number of radioactive bands seems to
vary according to the source of cells and methods used.

To our knowledge few enzymes are studied in A-T cases (Sheridan & Huang 1979). The
significant increases in three membrane bound enzyme activities, also, support the autoradio-
graphic results suggesting abnormality in A-T lymphocyte surface.

The number of cases studied both by autoradiography and for enzyme activities were limited
(three cases). Therefore further studies are needed for the association of autoradiographic patterns
and changes in enzyme activities.
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