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ABSTRACT

We have previously described a family in which the interaction between pyrimidine

5’ nucleotidase I (P5N-I) deficiency and hemoglobin E resulted in severe haemolytic

anaemia. In this study we explored the genetic basis of the severe clinical phenotype

and look for evidence of the interaction between these conditions. A P5N-I gene

mutation (IVS8 + 1–2delGT) was found in the family, confirming that the severe

phenotype results from the interaction between two genetic diseases.

Key Words: Pyrimidine metabolism; Pyrimidine 5’nucleotidase (P5N-I); Uridine

monophosphate hydrolase I; Haemolytic anaemia; Hemoglobin E; Beta-thalassaemia.

INTRODUCTION

Hemoglobin E (HbE:b26Glu-Lys) is a common Hb variant in Bangladesh,

Southeast Asia and India. It is usually asymptomatic in heterozygous and homozygous

states.[1] The importance of this haemoglobin variant lies in its interaction with
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b-Thalassaemia. Eb-Thalassaemia results in a variable clinical phenotype ranging from

asymptomatic to a life threatening condition.[2,3] Pyrimidine 5 nucleotidase-I (P5N-I)

deficiency typically presents as mild haemolytic anaemia. The main haematological

characteristic is the presence of basophilic stippling in blood films. The disorder is

autosomal recessive and it is considered to be the third cause of inherited haemolytic

anaemia.[4] We studied the case of a Bangladeshi family where the two conditions were

present resulting in severe haemolytic anaemia.[5]

MATERIALS AND METHODS

Details of this family have been published previously[5] and are shown in Table 1.

P5N-I and deoxypyrimidine 5 nucleotidase-II (P5N-II) activities were measured using

HPLC based method measuring the breakdown either of uridine or deoxy-uridine

monophosphate to uridine or deoxyuridine respectively. We previously found that a P5N-I/

P5N-II activity ratio <0.7 predicts heterozygosity for P5N-I deficiency, <0.1 in P5N-I

deficient.[6,7] DNA was extracted using standard methods. Exons 1 to 10 were amplified,

purified and directly sequenced.

RESULTS

The II.5 HbE homozygote was found to be homozygous for a two base pair

deletion of the highly conserved GT of the intron 8 splice donor site. The mutation is

predicted to cause skipping of exon 8 and the deletion of 163 nucleotides, resulting in

premature termination of the protein consistent with a complete deficiency of P5N-I

activity. The sister II.4 was homozygous and both parents were heterozygous for this

mutation (Table 1). The mutation was not found in the brother II.2 who was

homozygous for HbE with a P5N-I/P5N-II activity ratio of 0.55, in the carrier range

for P5N-I deficiency. DNA was not available from the other brothers II.1 and II.3

for analysis.

Table 1. Haematological data, red cells enzymes and molecular analysis.

Hb g/dl Hb type P5N-I* P5N-II* P5N-I/P5N-II P5N-I genotype Phenotype

I.1 11.7 AE 4 9 0.44 Heterozygous Asymptomatic

I.2 13.2 AE 3 7 0.42 Heterozygous Asymptomatic

II.1 11.2 AA 0.2 10 0.02 NA Asymptomatic

II.2 13.6 EE 5 9 0.55 Wild type Asymptomatic

II.3 14.8 AE 6 8 0.75 NA Asymptomatic

II.4 7.6 AA 0.1 7 0.014 Homozygous Mild anaemia

II.5 2.8 EE 0.5 10 0.05 Homozygous Severe anaemia

NA: no DNA available for P5N-I genotype.

*Units: P5N-I 9–20 nmol/mgHb/h, P5N-II 7–28 nmol/mgHb/h.
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DISCUSSION

In this study, we have demonstrated that the P5N-I deficiency in this family has a

genetic basis. The co-inheritance of complete P5N-I deficiency and the homozygous

HbE state results in a haemolytic phenotype more severe than would be expected with

either conditions alone. The genetic co-inheritance of P5N-I deficiency thus could be

one of the factors that modulates the severity of b-Thalassaemic syndromes. Our results

indicate that the inheritance of HbE results in an acquired reduction of P5N-I activity to

the carrier range, as seen in II.2. The P5N-1 enzyme is believed to be susceptible to

free radical damage.[5] This raises the possibility that coincidental inhibition of P5N-I

activity may contribute to the severe haemalytic phenotype associated with some

unstable haemoglobin variants.
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