The genetic susceptibility to hyperreactive malarial

splenomegaly in Kumasi, Ghana

Thesis submitted in accordance with the requirements of the University of Liverpool
for the degree of Doctor in Philosophy
by

Ruby Martin-Peprah

December 2005



Abstract

Infectious diseases, both old and new, continue to be important causes of
morbidity and mortality worldwide, and observations that some infectious diseases
have inherited elements with individual differences in the susceptibility and response
to such diseases have been made over the centuries. There seem to be ‘major’
susceptibility genes that account for susceptibility to infections (e.g. leprosy,
tuberculosis, hepatitis B and schistosomiasis). These susceptible genes may have the
Mendelian pattern of familial segregation as found in ‘classical genetic disorders’
determined by a single major gene (e.g. sickle cell disease), or may be determined by
a large number of genes with small contributions from each genetic loci interacting
with the environment, resulting in a more complex pattern of inheritance (e.g.
hypertension). Susceptibilities to diseases and rates of infections are significantly
different in different ethnic groups living in the same environment e.g. tuberculosis
and hyperreactive malarial splenomegaly (HMS).

HMS, a disease related to malaria and found predominantly in malaria
endemic countries is believed to have a clear genetic association because of ethnic
clustering, familial predisposition, and an association with specific genetic markers
such as HLA DR2 and IGHG3 G. HMS patients have low malaria parasitaemia and
high malaria antibody titres which imply reduced susceptibility to malaria infections.
Studying the families of patients with HMS offers the opportunity to gain insights
into the genetic pattern of HMS. Confirmation of the genetic susceptibility of
families to HMS will be an important step in leading to novel insights into the
pathogenesis of HMS, and will help in identifying the molecular basis of the genetic
aberration in these patients” immune systems that result in their lower susceptibility
to malaria. Knowledge o f which genetic variants do and do not influence reduced
susceptibility to malaria in HMS may be of considerable practical relevance in
designing interventions, including vaccines, tailored specifically to promote this
resistance. Knowledge about genetic susceptibility may facilitate prediction of the
risk profile of an individual to malaria as well as identify individuals who might have
positive response to therapy.

The aim of the study was to determine the genetic susceptibility to HMS in
Kumasi, Ghana by determining whether relatives of patients with HMS have a
significantly higher prevalence of splenomegaly than controls, identifying the pattern
of segregation, if any, in the families affected by splenomegaly, and determining
whether known genetic markers of malaria resistance or susceptibility were more
common in HMS patients and their families than in controls. The effect of non-
genetic factors (e.g. environmental factors) that could interact with genetic
susceptibility to influence the presence or absence of spleens in the affected families
was also determined.

A case-control-family study involving 22 HMS patients with 99 relatives and
15 sex matched controls with similar socio-economic background with their relatives
was conducted between the years 2002 to 2004.

The study identified a familial clustering of splenomegaly without a
Mendelian pattern of segregation, implying that development of splenomegaly in
HMS was a complex trait, determined by interactions of many genes and the
environment. However genes of malaria resistance and susceptibility, and B-cell
modulation such as HbS, ICAM, CD36, G6PD and IL4 did not have any association
with splenomegaly in HMS families. Some environmental factors such as a tendency
to live in rural areas and to use less malaria prevention and less fever treatments, did
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appear to be more common in families with splenomegaly than controls despite their
similar socio-economic status.

The results obtained in this research program do not confirm previous studies
showing a Mendelian type inheritance of splenomegaly. Instead, the familial
clustering of splenomegaly found in this research programme is consistent with the
hypothesis that HMS has a genetic association of a complex nature, suggesting
interactions of many genes and environmental factors.
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Chapter I

Diseases and genes

1.00. Introduction

The aim o fthe study was to d etermine the genetic s usceptibility to
HMS in Kumasi, Ghana by determining whether relatives of patients with HMS have
a significantly higher prevalence of splenomegaly than controls, identifying the
pattern of segregation, if any, in the families affected by splenomegaly, and
determining whether known genetic markers of malaria resistance or susceptibility
were more common in HMS patients and their families than in controls. The effect of
non-genetic factors (e.g. environmental factors) that could interact with genetic
susceptibility to influence the presence or absence of spleens in the affected families

was also determined.

Infectious diseases, both old and new, continue to be important causes of
morbidity and mortality worldwide, there are individual differences in the
susceptibility to such diseases. Historic accounts of the plague tell of individuals who
survived unscathed in households where almost everybody died. In Britain, winter is
associated with wards full of children with bronchiolitis, requiring oxygen therapy
when most other infants present with just a runny nose when infected with the same
virus. The average child in Africa is infected with malaria several times during their
childhood with only a few progressing to life threatening complications like cerebral
malaria and severe anaemia. Susceptibilities to diseases and rates of infections are
significantly different in different ethnic groups living in the same environment
(Cooke and Hill, 2001). Ethnic differences in infection rates were observed when a
tuberculosis outbreak occurred in a nursing home in America (Stead et al., 1990).
The key questions to ask are why some people and not others succumb to life-
threatening infection, why individuals vary in their clinical response to similar
infections, and why one individual and not the other dies of an infection they have
both contracted? Why is there variability in the acquisition of infections and in the

development of life threatening complications once infections have been acquired?



To what extent does our genetic makeup determine the different ways we respond to

the same infectious agent?

1.01. Genetic influences on the pathogenesis of diseases

Apart from identical twins, no two human beings are the same. Variations are
found in almost every quantifiable characteristic. There has been a constant debate
since ancient times whether nature or nurture, genetics or environments, are
primarily responsible for individual variation. Undoubtedly, many factors, including
chance events that underlie the transmission of a pathogenic organism, the variability
in the virulence of the organism, and the prior state of the health and acquired

immunity to the infecting organism of the infected individual, are involved.

Although a substantial proportion of tropical diseases are caused by
environmental factors such as infectious agents and inadequate diet, host genetic
factors also play an important role in almost all human disease. There seem to be
‘major’ susceptibility genes that account for susceptibility to infections such as
leprosy, tuberculosis, hepatitis B, malaria, and schistosomiasis. These genetic factors
influencing innate susceptibility to infections may have the Mendelian pattern of
familial segregation as found in ‘classical genetic disorders’ that are determined by a
single major gene (e.g. sickle cell disease), or may be determined by a large number
of genes with small contributions from each genetic loci interacting with the
environment, resulting in a more complex pattern of inheritance (e.g. hypertension)

(Kwiatkowski, 2000).

In the 20" century, knowledge about the genetics of human diseases was
based on the identification of variants in major single genes that caused predictable
phenotypic changes in families in a Mendelian fashion. Even though environmental
and genetic variables may have influenced the disease process in certain families, the

predominant factor was a single gene.

Mendelian laws of inheritance imply a biological model for the pattern of sharing

of genes between close relatives and families. Aetiological inferences can be made



from the distribution of disease and phenotypic aggregation within large families

through segregational analysis of the particular disease or phenotype.

Mendelian traits, also called single gene disorders, were first published by Gregor
Mendel in 1865 with his results of the experiments on the garden pea. M endelian
laws are grounded in the chromosomal movements in meiosis, gametogenesis, and
fertilization, and are dependent on the ways genes segregated and/or assorted
independently during meiosis, gametogenesis and fertilization. Diseases inherited in
the Mendelian fashion are categorised according to whether the gene is on an
autosome or a sex chromosome, and whether the trait is dominant or recessive
depending on the number of copies of the mutant allele that are required to express a
phenotype. Mendelian inheritance may therefore be autosomal recessive or

dominant, X-linked recessive or dominant, and mitochondrial inheritance.

Autosomal dominant inheritance

Autosomal dominant inheritance (fig 1) is the easiest type of Mendelian
inheritance to recognise in a pedigree. The autosomal dominant inheritance is caused
by genes located on the autosome, with the mutant alleles dominant. Only one
mutant allele is needed to express the phenotype, therefore the disorder is manifest in
the heterozygote. In autosomal dominant inheritance, the disorder affects every
generation, with every affected individual having an affected biological parent.
Males and females have an equal chance of inheriting the mutant allele and being
affected, and of transmitting the disorder. The child of an affected parent may or may
not be affected (recurrence risk=1/2). Normal siblings of affected individuals do not
transmit the trait to their offspring. Some examples of dominant inheritance are
tongue curling, free ear lobe, Huntington’s disease, hypercholesterolemia and

achondroplasia.



Figure 1: Autosomal dominant inheritance
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Even though autosomal dominant inheritances are deleterious phenotypes and
would be expected to be eliminated from the population, autosomal dominant
inheritances persist in the populations. The deleterious alleles are maintained in the
population by variable expressivity of the phenotype where individuals in the same
family with an identical mutation vary in the severity of their disorder as found in
Marfan’s s yndrome, by late onset o f the p henotype as in Huntington’s chorea, by
high recurrent mutation rates as experienced in achondroplasia, or by incomplete
penetrance, in the affected individuals. Some autosomal inheritance may be sex
limiting as they are expressed only in one sex (precocious puberty in males and

uterine prolapse in females).

Autosomal recessive inheritance

Unlike autosomal dominant inheritance, autosomal recessive inheritance
genes located on the autosomes have alleles that are not evident in the heterozygote
states but only in the homozygote states (fig 2). The parents of affected individuals
with autosomal recessive inheritance are heterozygous for the disease allele but with
normal phenotypes, making them carriers of the disease gene, while the children
would be obligate carriers of the disease when an affected individual mates with an
unaffected partner. The children would have a '2 chance of being affected if the
affected individual mated a carrier of the disease. Males and females are equally
likely to be affected, with the recurrence risk of % to unborn siblings of affected
individuals. The disorder does not occur in parents or offsprings of the affected
individual but normally occurs in one generation, usually within a single sibship.
Parents of affected individuals may be consanguineous, and the trait may appear as
an isolated sporadic event in small sibships. Some examples of autosomal inheritance

are cystic fibrosis and alkaptonuria.



Figure 2: Autosomal recessive inheritance with consanguineous mating

| O

" i,,:,,‘ - [_"" \S ! ::)

«(0 O—1 O O
v @ MO

. . Affected

{H: Consanguinecus mating

(http://www.intl.elsevierhealth.com/e-books/pd{/87.pdf)

X-linked inheritance

Sex-linked inheritance refers to inheritance patterns shown by genes on the sex-
chromosome, and may be X-linked or Y-linked, but very few genes have been
discovered in the Y chromosome. Sex linked inheritance may be recessive or

dominant.

e X-linked recessive inheritance

X-linked recessive genes such as haemophilia, Duchenne muscular dystrophy and
Lesh-Nyhan syndrome are generally rare, and are disorders due to recessive genes on
the X chromosome (fig 3). Males are hemizygous for most of the alleles on the X
chromosome because of the single X chromosome, and so manifest a disorder when
they have the mutant gene. Females manifest the disorder only when they are
homozygous for the disease allele, and are carriers when heterozygous. Because it is
rare for females to be homozygous for a mutant gene, X-linked recessive inheritances
usually only affect males. The disorder is never passed on from father to son, and
affected males in a family are related through their mothers. T he trait is t ypically
passed through an obligate carrier daughter, from an affected grandfather, to half his

grandsons who would become affected.



Figure 3: X-linked recessive inheritance
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e X-linked dominant inheritance

X-linked dominant inheritance is caused by dominant disease alleles on the X
chromosome, and manifests itself in both the hemizygous males and the
heterozygous females (fig 4). Heterozygous females are however less severely
affected because of X inactivation than hemizygous males in whom the disease may
be lethal. X-linked dominant inheritance is never passed from a father to his sons,
and daughters, but not sons, of affected males always inherit the disorder. The
affected females can transmit the disorder to offsprings of both sexes, and there are
excess of affected females in pedigrees for the disorder as females are more likely to

be affected.

Figure 4: X-linked dominant inheritance
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One example of the X-linked dominant inheritance is vitamin D resistance
rickets. Because X-linked dominant disorders may be lethal in males, affected males
may never or may rarely be seen (Goltz syndrome and incontinentia pigmenti) due to

non viability of conceptions during early embryonic development and a high rate of



spontaneous abortion. There are only affected females in the population, and living

females outnumber living males two to one when the mother is affected.

e Y-linked inheritance

Y-linked inheritances are due to genes carried on the Y chromosome, and are present
only in the males and passed on to all sons (fig 5), effectively ruling out HMS which

affects predominantly females.

Figure 5: Y-linked inheritance
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Mitochondrial inheritance

The nuclear chromosomes are not the only source of coding DNA.
Mitochondria possess their own DNA that carries some genes, and mutations within
these genes have been shown to cause diseases (e.g. Leber’s hereditary optic
neuropathy). The mitochondrial inheritance patterns are exclusively maternal and can

only be transmitted through females, but can affect both sexes equally (fig 6).

Figure 6: Mitochondrial inheritance
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The challenge in the 21% century is to unravel the genetic basis of common
human diseases that do not show a Mendelian pattern of inheritance, but are
determined by a number of different genes that interact with each other and with
environmental factors. These include major infectious diseases such as malaria,
tuberculosis, HIV/AIDS, and non-infectious diseases such as hypertension, diabetes,
and most cancers. These genetic effects can be detected by large scale
epidemiological studies. A modest genetic effect may be of considerable public
health importance if it acts on an extremely common disease, and a huge genetic
impact may be felt if many different genes each make a modest contribution. Novel
insight into the molecular pathogenesis of common diseases might be gained if
specific genetic variants are associated with these diseases, and this insight may aid

in the global struggle to control these diseases.

1.02. Genetics and infectious diseases

Some profound immune genetic defects may be clinically unapparent outside
a specific infectious context and may cause severe infections in a previously healthy
individual. These are rare Mendelian conditions that may predispose an individual to
particular infections through a number of genetic mutations that cause highly specific
weaknesses in the immune system. An examples is the discovery of the disruptive
mutations of the interferon-gamma receptor 1 gene which results in lethal
susceptibility to atypical mycobacterium and to fatal BCG infection (Newport ef al.,
1996, Jouanguy et al., 1996) and other milder phenotypes (Jouanguy ef al., 1997).

Other genetic variants resulting from functional polymorphisms have a more
subtle and complex effect that may show that specific genetic variants may be
significantly different among diseased individuals. Some of these significant genetic

variants associated with diseases in certain individuals are listed in table 1 below.



Table 1: Examples of genetic susceptibility to diseases

Genetic variant Disease Effect Reference:
Blood group O Cholera Susceptible Levine et al. 1979
TNF-308 Mucocutaneous leishmaniasis Susceptible Cabrera et al., 1995
Lepromatous leprosy Susceptible Roy et al. 1997
Scarring trachoma Susceptible Conway et al. 1997
Meningococcal septicaemia Susceptible Nadel et al. 1996
CFTR Typhoid Resistance Pier et al. 1990
HLA class I
B8 Pulmonary tuberculosis Susceptible Brahmajothi et al. 1991
B35 AIDS Susceptible Carrington ef al. 1999
B27 Filariasis Susceptible Yazdanbaksh et al. 1995
AIDS Resistance Kaslow et al. 1996
B53 Severe anaemia in malaria Resistance Hill et al. 1991
B57 AIDS Resistance Kaslow et al. 1996
HLA class II
DRB1*1302 Hepatitis B Resistance Thursz 2001
DRB1*1352 Malarial anaemia Resistance Hill et al. 1991
DRB1#¥1101 Hepatitis C Resistance Thursz et al. 1999
DRB1*04 Typhoid fever Resistance Dunstan et al. 2001
DR2 Hepatitis B Resistance Almarri et al. 1994
Pulmonary TB Susceptible Brahmajothi et al. 1991
Leprosy Susceptible Rani et al. 1993
DR7 Hepatitis B Susceptible Almarri et al.1994
DP Onchocerciasis Susceptible Meyer et al. 1999
DQ Onchocerciasis Susceptible Meyer et al. 1999

1.03. Genetics and human malaria

Malaria is one of the commonest causes of morbidity and mortality in the
sub-Saharan African region with a disease burden of 300-500 million infections each
year and over 1.2 million annual deaths of mainly children (Bremang, 2001, Marsh,
1992). About 2% of clinical attacks in African children are severe (Greenwood ef al.,
1991). The outcome of the disease is dependent on many factors, including the
genetic make up of the involved individual. To overcome the effect of malaria on the
population, there has been natural selection with altering of the human genome to
produce many polymorphisms over the past thousands of years. There are thus many

genes that influence the susceptibility or resistance to malaria in Africa.

Genetic factors associated with increased resistance to malaria

The complex genetic control in human malaria reflects thousands of years of
selective pressure. Host resistance factors results in only about 2% of malaria
infected patients developing severe malaria (Greenwood et al., 1987a). Several

genetic disorders of the red blood cell such as the haemoglobinopathies (sickle cell
























































































































































































































































































































































































































































































































































































