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istration of streptozotocin. The levels of leptin mRNA in white
adipose tissue decreased to 10%. After administration of insulin, the
leptin mRNA again increased to 60% of non-diabetic control ani-
mals. Since fasting and streptozotocin both lead to insulin deficiency,
the authors have suggested that insulin may be a key regulator of ob
gene expression.

COMMENT
Obesity results when food intake exceeds energy expenditure,
thus leading to a positive energy balance. In addition to important
psychological causes, there is evidence to suggest that body
weight is physiologically regulated. Both peripheral signals (in-
sulin, catecholamines, etc.) as well as central mechanisms (satiety
and appetite centres of the hypothalamus) are involved.

Zhang et al. have recently cloned the mouse ob gene and its
human analogue. I The gene is primarily, if not exclusively,
expressed in adipose tissue. In the genetically obese ob/ob mouse,
even though the ob mRNA are highly expressed in the adipose
tissue, a non-sense mutation in this gene results in the production
of a non-functional gene product. Infusion ofleptin into both diet-
induced obese mice, as well as ob/ob mice, reduced food intake
and body weight. This suggests that the protein may serve an
endocrine function to regulate body fat stores. v High affinity
receptors for leptin have been detected in the hypothalamus of
rats."

Human ob mRNA has a tissue distribution similarto the mouse
and human leptin has a high degree of homology (84%) with the
mouse protein. Recently, a radioimmunoassay has been devel-
oped to measure human leptin in the serum.' Serum leptin levels
were higher in obese as compared to non-obese subjects. Leptin
had a significant correlation with body fat, body mass index and
serum insulin. This suggests that increased leptin is produced
when fat stores increase, and that in obesity there is an impaired
action of leptin, since high levels of leptin are unable to lead to
normalization of body fat.

Scant data is available on the factors regulating ob gene
expression/leptin secretion. In the present study, the authors have
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SUMMARY
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is a sex-
linked disorder which is more frequent in areas with a high ende-
micity of malaria. It has been suggested that G6PD deficiency is
protecti ve against malaria and has risen in frequency through natural
selection. In two case-control studies invol ving 2000 children in The
Gambia and Kenya, Ruwende et al. estimated the risk of developing
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found that fasting reduced the expression, while refeeding again
induced ob gene expression. This has now also been confirmed in
humans. Norepinephrine has been found to have effects similar to
fasting. The present study also demonstrates that insulin may be
an important inducer of the ob gene. This has been confirmed in
a study by Sainsbury et al., in which they infused insulin into rats,
while at the same time keeping them euglycaemic with the
infusion of glucose." This led to an increased expression of ob
mRNA. The ob gene expression can also be induced by cortico-
steroids.

Thus, the action of leptin is compatible with that of a hormone
of the fat tissue, which acts as a signal for satiety at the level of the
hypothalamus. Feeding, by increasing insulin and glucocorticoid
levels, promotes fat accumulation and increases leptin levels,
which in turn leads to satiation.
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severe malaria in a predominant African molecular variant of G6PD
deficiency (the G6PD A-allele) which is supposed to lead to a fall in
G6PD activity to 12% of the normal. The genotype was determined
by amplifying a portion of the G6PD gene and hybridizing with
oligonucleotide probes capable of distinguishing single base changes.
The primary comparison was of severe malaria with non-malarial
controls. While the role of G6PD in protection against malaria had
been suspected for a long time, the scientific evidence was equivocal.

The authors included only cases of severe malaria (cerebral
malaria or severe malarial anaemia) to increase the sensitivity of the
comparison. The G6PD A-allele was shown to be associated with a
46-58% reduction in risk of severe malaria for both female heterozy-
gotes and male hemizygotes. Heterozygosity for Hb S (sickle cell
trait) was also shown to be strongly protective against both severe
and mild malaria. Interaction of the G6PD A-allele and sickle cell
trait could not be demonstrated in this study, but this could have been
because of the study design. However, in spite of this favourable
effect on malaria susceptibility, the G6PD A-allele has not become
the predominant G6PD H-alleIe, implying that G6PD deficiency has
a negative effect on overall survival.

COMMENT

Malaria has been said to account for almost a quarter of the infant



SELECTED SUMMARIES

mortality in areas with intense parasite transmission such as
Africa and Southeast Asia. Hence it is bound to exert a selective
pressure on the human genotype.

The effect of malaria on human evolution, especially on traits
involving erythrocytes, was first demonstrated in sickle cell
anaemia. A map superimposing the prevalence of sickle cell
anaemia and malaria is shown in many textbooks. It is said that
potassium ions leak out of a sickled red blood cell creating
conditions unfavourable for the growth of the malarial parasite.
Since the sickle cell trait confers no disadvantage to the carrier,
the proportion of the Hb S alleles increases in the population until
the increasing number of homozygotes (suffering from sickle cell
disease) acts to reduce the frequency of the allele. A similar
situation occurs with the thalassaemias.

G6PD deficiency affects about 400 million people and is the
most common human enzymopathy. It is relatively benign espe-
cially if basic precautions are taken about anti-oxidant drugs
which cause haemolytic crises. While the geographical distribu-
tion of this disorder pointed to a protecti ve effect on malaria, the
same was not borne out conclusively by earlier studies. This
group had previously I demonstrated that the nature of the tumour
necrosis factor (TNF) allele influenced the incidence and severity
of cerebral malaria. They have now compared the frequencies of
the G6PD A-allele in severe malaria with matched, non-malarial
controls. This comparison is more sensitive than that including
cases of mild or uncomplicated malaria.

The case-control trials took place in West (The Gambia) and
East Africa (Kenya). Two thousand children up to the age of
10 years were recruited. While in Kenya healthy children formed
the control group, in The Gambia the controls were children with
a variety of non-malarial illnesses. Precise genotyping was done
by allele-specific oligonucleotide hybridization after the poly-
merase chain reaction (PCR). When both data sets were com-
bined, the overall estimate of protection against severe malaria
was 46%. Protection was seen in both female heterozygotes and
male hemizygotes, unlike a previous study where only female
heterozygotes were shown to be protected.'

An interesting piece of mathematical modelling shows that the
positive selection pressure of malaria is countered by a negative
selection adversely affecting the survival of G6PD-deficient
individuals. It is well known that G6PD deficiency predisposes to
the precipitation of haemolytic crises by anti-oxidant drugs, the
textbook example being ironically the antimalarial drug prima-
quine. Though oxidative stresses in the environment are not self-
evident, infections and some dietary habits like the consumption
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of fava beans have been shown to trigger haemolysis in those with
G6PD deficiency. One striking feature of this work, apart from its
relevance to malaria, is that it provides concrete epidemiological
evidence of the deleterious effect of the lack of protection to
oxidative stress. While there is extensive experimental and clini-
cal work on the damage caused by active oxygen species, it is
perhaps for the first time that evidence of this has been obtained
for a population as a whole. The positive and negative features of
G6PD deficiency interact to give rise to a balanced polymorphism
where the frequency of the allele is in a state of equilibrium.

Another study" from Papua New Guinea has used similar tools
to determine whether ovalocytosis confers protection against
death from cerebral malaria. A 276 P deletion in the band 3 (AEI)
gene which causes ovalocytosis was detected by PCR amplifica-
tion of the appropriate segment of the gene. Only children living
in villages with a homogeneous ethnic composition were in-
cluded. The prevalence of heterozygosity in the general popula-
tion was 15%. It is likely that homozygotes die in utero. No
instance of ovalocytosis was detected in cases of cerebral malaria.
It was calculated that 9% of normal homozygotes in that geo-
graphical area die of malaria before reaching the reproducti ve age,
underlining once more the selective force of malaria.

Molecular epidemiology, which has successfully combined
the techniques and tools of molecular biology and classical
epidemiology, has been effectively used to resolve many complex
clinical issues. It is best suited for identifying multifactorial
interactions not amenable to the standard reductionism of labora-
tory scientists. India is nature's laboratory, with a diversity of
ethnic groups and hosts and pathogens evolving together over
centuries. The answers will be available to us too if we look hard.
However, we have to act fast, before migration and inter-marriage
introduce further complexities to the analyses.
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