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SUMMARY: Cerebral malaria (CM) is a serious complication of Plasmodium falciparum malaria, and its patho-
genesis leading to coma remains unknown. Heme oxygenase-1 (HO-1) catalyzes heme breakdown, eventually
generating bilirubin, iron and carbon monoxide. The HO-1 gene promoter contains a polymorphic (GT)n repeat
which may influence the expression level of HO-1. To explore the correlation between this (GT)n polymorphism
and susceptibility to CM, we analyzed the frequencies of the (GT)n alleles in 120 Myanmarese patients with
uncomplicated malaria (UM) and 30 patients with CM. The frequency of homozygotes for the short (GT)n

alleles (<28 repeats) in CM patients was significantly higher than those in UM patinets (P < 0.008, OR = 3.14).
Thus, short (GT)n alleles represent a genetic risk factor for CM.
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INTRODUCTION

Cerebral malaria (CM) is the most serious complication of
malaria caused by Plasmodium falciparum, manifesting as
coma. CM may be related to the sequestration of infected red
blood cells (RBCs) to the cerebral microvasculature (1,2). The
adherence of parasitized RBCs to the vascular endothelium
may result in local ischemia and hypoxia, microhemorrhage
and the release of hemoglobin after hemolysis of parasitized
erythrocytes (1-3), leading to CM in certain susceptible indi-
viduals. However, in addition to the effects of direct parasite
sequestration, the possible role of host and parasite metabolic
processes in inducing coma has begun to attract considerable
interest.

Patients with malaria must cope with excess amounts of
cellular and plasma hemoglobin, because a large number of
infected and uninfected RBCs are destroyed in the spleen or
rupture in the blood stream. Free hemoglobin can serve as a
biological Fenton’s reagent to provide iron for the genera-
tion of hydroxyl radicals (4,5), and is therefore quickly
removed from circulation by haptoglobin and taken up by
macrophages. Within a cell, hemoglobin is dissociated into
heme and globin, and the heme moiety is cleaved to gen-
erate iron, carbon monoxide (CO) and biliverdin by heme
oxygenase-1 (HO-1), a microsomal inducible enzyme (6).
Biliverdin is subsequently reduced to bilirubin, a potent anti-
oxidant (7). The potential beneficial and harmful effects of

heme breakdown products in falciparum malaria have been
reviewed in a previous study (8).

In the present paper, we analyzed (GT)n repeat polymor-
phism in the promoter region of the inducible HO-1 of
patients with CM and with uncomplicated malaria (UM), find-
ing a significant association between homozygotes of short
alleles and CM.

MATERIALS AND METHODS

Subjects: One hundred and twenty Karen patients with
UM (mean age, 23.4 ± 8.1; mean hemoglobin, 11.9 ± 2.4 g/
dl) from the Mae Sot Malaria Clinic and 30 patients with CM
(mean age, 23.4 ± 8.1; mean hemoglobin, 11.8 ± 3.0 g/dl)
admitted to the Mae Sot General Hospital, Mae Sot, Thai-
land were recruited for this study between 1996 and 1997.
UM was defined by a positive smear without any of the
following criteria of severe malaria (3): high parasitemia
(>100,000 parasites/µl), severe anemia (hematocrit <20%, or
hemoglobin <7.0 g/dl) or coma., CM was diagnosed by coma
without any other recognized cause of altered consciousness.
The protocol, including the informed consent form, was
approved by the ethical review committee of the Ministry of
Health of Thailand and by the institutional review board in
Nagasaki. All procedures were appropriately explained to
patients in their own language.

Extraction of genomic DNA: Genomic DNA was extracted
from 1 ml of peripheral venous blood with 0.05 M EDTA
using a DNA extractor kit (Wako Pure Chemicals, Osaka,
Japan).

Microsatellite polymorphism: To amplify the (GT)n

microsatellite located at position -270 of the HO-1 gene
(9), a fluorescein-conjugated 5  ́primer (HeOp-1/6-FAM 5´-
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agagcctgcagcttctcaga-3´) and an unlabeled 3  ́primer (HeOp-
1/R 5 -́acaaagtctggccataggac-3 )́ were used for PCR amplifi-
cation with 35 cycles at 95°C for 30 s, 60°C for 30 s and
72°C for 3 min. An amplicon of at least 148 bp from posi-
tions -165 to -312 of the HO-1 gene was obtained (10). The
size of the PCR products was analyzed with a laser-based
automated DNA sequencer, ABI GeneScan GS-310 (Applied
Biosystems, Foster City, Calif., USA), with five cloned
alleles that were labeled with different colors as size mark-
ers. The repeat numbers of these cloned alleles used as size
markers were 21, 23, 25, 28 and 30.

Statistical analysis: The associations between disease
groups and specific classes of alleles, and between disease
groups and genotype groups were analyzed for significance
by the chi-square test of independence by 2×2 contingency
table and the P values were corrected using Bonferroni’s
method. Odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated to assess the relative disease risk conferred
by a particular allele and genotype. The age and sex ratios of
subjects with UM and CM were matched in the present study.
Furthermore, all subject were Myanmarese, who represent a
distinct ethnic population.

RESULTS

The number of (GT)n repeats in the HO-1 gene was
between 14 and 38 in all subjects. The distribution of the
numbers of (GT)n repeats was trimodal, with peaks at 23, 30
and 36 repeats (Figure 1). We therefore grouped the alleles
into three subclasses: short (S) alleles with 14 - 27 repeats,
intermediate (M) with 28 -33 repeats and long (L) with 34 -
38 repeats, as described in the analysis by McGinnis and
Spielman (11). The frequencies of the L, M and S allele groups
were 0.11, 0.45 and 0.44, respectively, in UM patients and
0.05, 0.32 and 0.63 in CM patients. The allele frequencies in
CM and UM were not significantly different.

The frequencies of the genotypes (LL, ML, MM, SL, SM,
SS) of (GT)n repeats were 0.0, 12.5, 16.7, 9.2, 44.2 and

17.5%, respectively, in UM cases (n = 120), and 0.0, 0.0,
13.3, 10.0, 36.7 and 40.0% in CM cases (n = 30) (Table 1a).
The frequency of homozygotes for S alleles in the CM group
(40%) was significantly higher than that in the UM group
(17.5%) after Bonferroni correction (P < 0.008; OR = 3.14;
95% CI: 1.32 -7.49) (Table 1b).

DISCUSSION

The pathogenesis of CM is complex and multifactorial.
Previous studies indicate that tumor necrosis factor (TNF)-
α promoter polymorphism is one of the most frequently
reported candidate host factors associated with CM in Africa
as well as in Asia (12-14). In addition to TNF-α, many other
genes have been postulated to be involved in the pathogenesis
of CM (15-18). The present study is the first to suggest an
association between the length of the (GT)n repeat in the HO-
1 gene promoter and clinical presentation of malaria. Indi-
viduals with genes carrying the short repeat were found to be
more likely to present with CM, while those carrying the
longer repeats were marginally more likely to fall into the
UM category. Chen et al. (19) reported that subjects with
the short allele containing (GT)n = 22 showed 8 times higher
transcriptional activity than those with the (GT)n = 30 allele
sequence, as determined by luciferase assay using rat aortic
smooth muscle cells. Therefore, a short (GT)n in the promoter
may directly enhance the transcription of HO-1 in malaria
patients and the resultant reaction products, CO, iron and
bilirubin, may increase in the brain lesion. Recently, it was
reported that HO-1 protein levels are increased in Durck’s
granuloma, a typical lesion of advanced CM (20). Clark et al.
(21) also reported a more detailed immuno-histochemical
study on the expression of inducible HO-1 protein using many
CM autopsy cases in which monocytes or macrophages in
the brain and lung and the Kupffer cells in the liver systemi-
cally expressed HO-1. It is not clear what induced HO-1 or
how it relates to pathology, however, excess amounts of
catalytic product CO might impair neuronal activity as a toxic
gas or might disrupt the complex neuronal network as a
neural messenger (23,24). Additionally, there have been a
number of reports suggesting the toxic effect of free iron in
patients with CM. Gordeuk et al. reported that iron chelation

Fig. 1.  Gene frequency of the (GT)n alleles in each group.
a, Uncomplicated malaria patients (n = 120); b, Cerebral malaria
patients (n = 30).

Table 1.  Comparison of the genotype frequencies between uncomplicated
and cerebral malaria groups

a.  Genotype frequencies

UM CMGenotype
n = 120 (%) n = 30 (%)

M/L 15 (12.5)   0 (  0.0)

M/M 20 (16.7)   4 (13.3)

S/L 11 (  9.2)   3 (10.0)

S/M 53 (44.2) 11 (36.7)

S/S 21 (17.5) 12 (40.0)

b.  Chi-square test for S/S homozygotes in the two patients groups

UM CM
Genotype

n = 120 (%) n = 30 (%)
P value OR 95% CI

S/S 21 (17.5) 12 (40.0) 0.008 3.14 1.32-7.49

The frequencies of the S/M/L HO-1 promoter (GT)n genotypes between
cerebral malaria (CM) and uncomplicated malaria (UM).
Alleles were determined by their GT repeat numbers. L, 34-38 repeat; M,
28- 33; and S, 14 -27. Genotype was determined by individual combina-
tion of the alleles. SS genotype frequencies were significantly deviated
between two groups.
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therapy enhances recovery from deep coma in CM (24) and
that increased transferrin saturation may be associated with
delayed recovery from coma during standard therapy (25).
These findings suggest that the excess free iron directly
contributes to the pathogenesis of CM.

In chronic inflammatory diseases, short alleles are less
associated with severe pathology, while in the present study
they were significantly associated with CM, a severe mani-
festation of infection. Yamada et al. reported that short
(GT)n alleles are protective against smoking-induced emphy-
sema (26) and restenosis after percutaneous transluminal
angioplasty in arterial occlusive diseases (27). They showed
that long (GT)n repeats reduced the level of HO-1 induction
by oxidative stress in cultured cells and that short (GT)n

alleles are likely to provide anti-inflammatory activities of
heme breakdown products (26). It is therefore conceivable
that short (GT)n alleles might provide older individuals
with protection against chronic inflammatory processes. In
malaria, it has not yet been determined how HO-1 is involved
in the pathogenesis of CM and what tissues are involved in
this HO-1 related event. Furthermore, regulation of promoter
activity by the length of a microsatellite may differ between
tissues. This may explain why the resistant short allele in lung
and vascular diseases is susceptible to CM, (26,27) though
there exists the possibility that unknown causative single
nucleotide polymorphisms (SNPs) are present in linkage
disequilibrium with this microsatellite allele.

Transcription of the HO-1 gene is under the regulation of
the fine tuning system that includes the Bach-1 repressor (28)
and (GT)n spacer polymorphism. To confirm our findings,
further studies are needed, using larger populations and
different ethnic groups, and examining the linkage between
genotype and phenotype. Nevertheless, we can say here that
the repression of HO-1 expression by pharmacological means,
such as competitive inhibitors of HO-1, might provide a
useful adjunct to the treatment of CM (29).
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