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ABSTRACT

Malaria is a common and serious tropical disease caused by protozoan
infection. In humans, Plasmodim vivax is the second most prevalent species that
causes relapsing infection. Host immunity induced by P. vivax compared with that of
P. falciparum infection leads to memory T cell recruitment during “relapse” or “re-
infection”. In order to understand the mechanism of host immune response against
P. vivax, this thesis aims to characterize memory T cells in patients with acute or
convalescent P. vivax infection. Lymphocytes were collected from patients infected by
P. vivax, immune controls and malaria naive controls. The proportion of immature
memory T cells, expressing CD45RO*CD27", and mature cells lacking CD27 was
assessed. A statistically significant increase [P<0.05] in the median percentage of
memory T cell subsets expressing CD4" was observed in the blood from patients with
acute infection and compared with that from either naive or immune controls. The
high percentage of memory T cells in infected patients was maintained until 60 days
post treatment. The immune controls living in the malaria endemic area had somewhat
increased level of memory T cell subsets expressing CD8". Approximately, a three-
fold increase of this cell type was shown in the patients with acute infection and the
level persisted until 60 days post treatment. Phenotyping of the peripheral
lymphocytes during acute infection revealed that a large fraction of the lymphocytes
carried the yo phenotypes suggesting a role for these cells in the early response against
P. vivax. Very low levels of P. vivax specific antibody were found among the malaria
experienced individuals in this study. This might suggest that cell-mediated immunity
may play a greater role in the development of naturally acquired immunity against
P.vivax infection than the humoral immunity. Our results provide a further insight into
the mechanism of cell-mediated immunity to P. vivax infection that could be important
for the future development of a successful vaccine and anti-malarial drug designs.

KEY WORDS: MALARIA; PLASMODIUM VIVAX; MEMORY T CELL; yo T
CELL.
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CHAPTER I
INTRODUCTION

Malaria is a common tropical disease associated with mortality among
children infected with Plasmodium falciparum, mainly in African countries (1). In
contrast with P. falciparum malaria, benign P. vivax infection causes relapsing fever
but is rarely fatal (2). This may be because a pattern of unique host-parasite
relationship exists during the infection. Until now very few studies have investigated
host immunity during P. vivax infection. One reason for this could be the difficulty of
maintaining P. vivax cultures as a source for the preparation of parasite materials.
Therefore, in the past, progress in P.vivax researches had been limited. The current
incidence of P. vivax infection has increased gradually in tropical countries, whether
this is due to a slow development of drug resistance among the P. vivax parasites
remains to be verified. The collection of more information from areas where P. vivax

is endemic should be encouraged.

P. vivax is the second most prevalent species that causes malaria in humans
and accounts for approximately 35 millions cases every year (3). Ten to fifteen
percent of cases occur in South and Central America (4). In Brazil, P. vivax is the most
common species, where it caused 76.8% of all cases reported in 1997 (5). In Thailand,
there was increasing trend reported in 2005 that the incident rate of P. vivax infection
was 7.06 and of P. falciparum infection was 7.83 out of 1000 Thai populations in Tak
province (6). In addition, the problem of drug resistance is widespread in different
parts of P. vivax endemic including Malaysia, Myanmar, Vietnam, and a few cases

reported from Thailand, India, Guyana, Colombia and Peru (7).
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In spite of the current incidence of P. vivax infection has increased gradually
in tropical countries, the immunological mechanism i.e., cellular and humoral immune
response against P. vivax infection remained poorly understood. Until now very few
studies have investigated the host immunity during P. vivax infection. One reason is
that the continuous in vitro culture of P. vivax is not available. Therefore progress in
P. vivax research has so far been limited. In order to understand the relationship
between host-malaria parasite, more information obtained from malaria transmitted

areas where P. vivax is endemic should be encouraged.

Information on cellular immunity to P. vivax infection is not well published.
There is an urgent need to characterize the overall specific immunity in order to
understand the mechanism of host-parasites relationship which may lead to the
ultimate protection. Recent study in malaria immunity, memory T cell recruitment
during infection mediates protection in P. falciparum infected patients (8). In human,
naive T cells express CD45RA differentiate to memory T cell by expression of
CD45R0, low molecular weight isoform of CD45. CD45RO" T cells rapidly expand
after activation by specific antigens and produce large amounts of IL-4 or IFN-y and
low level of IL-2 (9-11). Previous study also shows that P. falciparum protection is
elicited by irradiated sporozoite (y-spz), CD4"CD45RO" T cells produce IL-4 in vitro
by the stimulation with parasitized RBC (pRBC) and maintain protective immunity in
the immune persons (12). Two subsets of CD4"'CD45RO" T cells (CD27" and CD27%)
are considered markers of memory T cells. CD27" is early memory T cells which
express in naive peripheral CD4" and CD8" T cells. The loss of CD27 is irreversible
and defined as (differentiated) mature memory T cells (13, 14). CD27 is a member of
tumor necrosis factor receptor (TNF-R) superfamily and expressed as a trans-
membrane homodimer (55 kDa). CD27 express on T and B cells are conserved
between human and mouse (15). The interaction between CD27 and its ligand CD70
promotes cell expansion, differentiation and effector cell formation. (13, 14, 16).
Recently a study shows pathways involved in recruitment of IL-4 producing memory
CD4'CD45R0O"CD27" T cells during protection induced by y-spz indicating that long-
term protection requires the maintenance of Ag-specific memory T cell phenotypes
through co-ligation of CD27 and CD70 (8).
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This study was performed in a malaria endemic area of Western Thailand
and focused on acquired cell mediated immunity following P. vivax infection with the
aim of establishing the nature of host responses in relation to the severity of the
P. vivax infection. We hypothesize that immunity induced by P. vivax parasites upon
repetitive acute infection lead to memory T cell recruitment and that this population
will be reactivated during “relapsing period” or after “re-infection” and that these cells
control the development of parasites, thus reducing disease severity. However, our
finding did not rule out the protective role of specific anti-P. vivax antibodies in the

immune individuals.
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CHAPTER I
OBJECTIVES

This study was performed in a malaria-endemic area of Western Thailand
and focused on cell mediated immunity acquired following P. vivax infection with the
aim of establishing the nature of host responses in relation to the severity of the
P. vivax infection. We hypothesize that immunity induced by P. vivax parasites upon
repetitive acute infection may lead to memory T cell recruitment and that this
population will be reactivated during “relapsing period” or after “re-infection”. These
memory T cells might generate a specific function which controls the development of
parasites, thus reducing disease severity. However, our finding did not rule out the

protective role of specific anti-P. vivax antibodies in the immune individuals.

The specific objectives are:

1. To optimize of conditions of cell preservation for the study of memory T
cell phenotypes in the acutely P. vivax infected patients.

2. To determine the level and characterize the profile of memory T cells and
vd T cells in the acutely P. vivax infected patients, and in convalescent
period after antimalarial treatment during 2 months follow up.

3. To determine the level and characterize the profile of anti-P. vivax antibody

in the patients during acute P. vivax infection and 2 months follow up.
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CHAPTER IlI
LITERATURE REVIEW

1. Malaria disease

1.1 The current global malaria situation

Malaria is a common and serious tropical disease caused by protozoan
parasites infection transmitted by Anopheles mosquitoes. Each year, there are millions
of cases of malaria reported worldwide. Estimation of the mortality from malaria
ranges from one to three millions (17). The vast majority of malaria patients live in
endemic area, mainly tropical and subtropical countries (Figure 1). Persons living in
or travelling to an area with endemic malaria is at risk for infection. Risk also varies
according to geographic location, time, the immune status of person and the degree of
their exposure to the parasite. In areas with seasonal climatic variation, malaria risk is

highest during the rainy season when mosquito populations increase.

More than 90% of all malaria deaths in the world today occur in South
Sahara Africa. (18). Among these, more than 75% occur in young children under 5
years old (19). This is due to the fact that majority of infections are caused by
P. falciparum, the most virulent of the four human malaria parasites. In addition, the
most effective malaria vector, Anopheles gambiae is the most widespread and the most
difficult to control in Africa. Young children and pregnant women are the groups at
highest risk for malaria morbidity and mortality in areas of stable malaria transmission.
Most children experience malaria infection during the first and second year of life,
when their immunity to malaria has not been fully developed yet. Adult women have a
high level of immunity, but this is decreased during the first pregnancy, which could
lead to severe placental malaria (20).
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Outside Africa, About 10% of the malaria cases in the world have been
found in Asia. Although most of the population in Asia now live in areas where the
risk of malaria is relatively low, malaria remains an important health threat in
economically underdeveloped areas and in countries affected by human migration or
social disruption (21). Moreover, the malaria parasites are developing resistance to

current therapies and mosquito vectors to insecticides.

Malsris endomicity T hy
B ey hioh E

- High

Bl vedesane

u Ll

‘_. Mo malasia

Figure 1 Global malaria endemic countries 2003 (22).
1.2 Malaria situation in Thailand

Thailand is located in the tropical zone and the malaria transmission is found
in many areas. Surveillance data indicated that malaria remains most prevalent along
the borders with Myanmar, Cambodia and Lao. In 2001, most malaria cases were
reported from malaria endemic areas, provinces along the Thai-Myanmar border
including Tak (23,821 cases, 35.2%), Mae Hong Son (4,770 cases, 7.5%) and
Kanchanaburi provinces (4,376 cases, 6.5%) (Figure 2). Among the foreigner cases in
Thailand, up to 90.2% was from Myanmar, 7.3% from Cambodia and 1.4% from Lao

as shown in Figure 3 (23).
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There was an increasing trend of total malaria cases during fiscal year 1996-
1999 among Thai patients (23). However, the overall malaria cases reported by
Malaria Section, Department of Disease Control, Ministry of Public Health, Thailand,
in fiscal year 2000-2003 were slightly decreased as shown in Figure 4. Among Thai
cases in 2003, 50.6% was caused by P. vivax, 48.9% by P. falciparum, 0.1% by
P. malariae, and 0.4% by mixed infection of P. falciparum and P. vivax. There was no
P. ovale case during this period (Figure 5). It is obvious that the prevalence of vivax
malaria has been on the rise and accounted for more than 50% of all malaria cases
after the year 2000. Yet, the causes of this increasing trend of P. vivax are not clear
(20).

2. Mae Hong Son 6. Chiang Mai
(4,770) (2,992)

1. Tak
(23,821)

3. Kanchanaburi

(4,376)

5. Sa Kaew
10. Ratchaburi (3,080)

(1,653) .
4. Chantaburi

(4.290)
8. Prachuap Khiri Khan
(2,372) 7. Trad
(2.681)

a 9. Surat Thani
¥

Figure 2 Map showing ten leading provinces with high malaria cases in Thailand in
2001 (23).
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Figure 3 Diagram showing proportion of malaria case among foreigner patients by
border sites of Thailand (T) in 2001 (23).
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Figure 4 Diagram showing malaria among Thai cases in Thailand during 1991-2003
(20).
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Figure 5 Diagram showing malaria situation in Thailand characterized by species
during 1999-2003.

2. Plasmodium spp.

Malaria is caused by parasitic protozoa of the genus Plamodium and family
Plasmodiidae within the order Coccidiida, sub-order Haemosporidiidea, which
consists of various parasites found in the blood of reptiles, bird, and mammals. There
are nearly 120 species of Plasmodia including at least 22 species found in primate
hosts and 19 in rodents, bats or other mammals and about 70 other species have been
described in birds and reptiles (24). Human malaria is caused by one of four species of
Plasmodium: P. falciparum, P. vivax, P. ovale and P. malariae. The mortality from
malaria is normally due to P. falciparum. However, P. vivax is a major cause of

relapsing infections, which can last from months to years (2).
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3. Plasmodium vivax

3.1 P. vivax life cycle

The life cycle of P. vivax is similar to the others three species what infect
humans. It requires two different kinds of host, a human host and a mosquito vector.
The parasite’s sexual phase occurs in the mosquito, while the asexual phase occurs in
humans (Figure 6). The life cycle originates from infected female mosquitoes that
have already taken up infected blood from humans. The infected mosquitoes inject
sporozoites persisted in salivary glands into human blood circulation. For exo-
erythrocytic stage in human host, the sporozoites rapidly (approximately 30 minutes)
penetrate parenchymal cells of the liver, where they develop into large schizonts that
reproduce asexually to generate a large number of merozoites. However, P. ovale and
P. vivax sporozoites may either develop into schizogony or have a delayed trigger,
resulting in dormant hypnozoites. These hypnozoites are responsible for later relapses
(25). After 5-20 days, the schizonts rupture the merozoites and are released into the
blood circulation, starting an erythrocytic cycle. During the erythrocytic cycle, the
merozoites invade red blood cells (RBC) which results in amplification of parasite
populations. These parasites develop to ring, trophozoite and schizont stage. The
schizogony is repeated within erythrocytes, and infected red blood cell (iRBC) rupture
and release more merozoites into the circulation to begin another erythrocytic cycle.
Some merozoites develop into gametocytes (sexual forms, male or female
gametocytes), which are ingested by the next mosquito sucking blood. In the mosquito
gut, male and female gametes emerge from the gametocytes and fuse into zygotes
(ookinetes) which migrate across the mosquito midgut wall, where they produce
oocysts, each of which generate around one thousand sporozoite. After about 2 weeks,

sporozoites migrate into the mosquito’s salivary gland.
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Figure 6 Life cycle of P. vivax (26).

3.2 Pathogenesis and clinical manifestation of P. vivax infection

Clinical symptoms of malaria are associated with the release of merozoites,
malarial pigment and debris into the circulation after rupturing of schizonts. The
incubation period for P. vivax in the liver is usually 15 days (ranges from 13 to 17
days) (27). The clinical manifestation of P. vivax is benign tertian. It rises to mild
degree febrile on every third day (tertian fever) or every 48 hours (Figure 7). The
paroxysms occur in the afternoon or evening and comprise three stages; cold, hot and
sweating stages. The fever can be as high as 40°C and between paroxysms, the patient
may feel well (28). The patients frequently have headache, limb pain, backache,

anorexia, and sometimes nausea and vomiting.

Due to the fact that P. vivax needs to infect reticulocytes, low parasitaemia
(0.5-2.0%) was found in patients. Nosten et al. presented a study of more than 11,000
malaria cases during pregnancy in Western Thailand and found that P. vivax infection
was associated with anemia and increased risk of low birth weight (mean reduction
107 g) but unrelated to the number of previous pregnancies (29).
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Less severity and complication was found in P. vivax than P. falciparum
infection. Therefore, severe or complicated malaria is associated with P. falciparum
but not with P. vivax infection. If the patients with P. vivax exhibit severity or
complication, this is presumed to be due to mixed infections. However, the less of the
effect from P. falciparum is found in mixed infection of P. falciparum and P. vivax.
Luxemburger et al. found that severe malaria is 4.2 times less common in patients with
mixed infection of P. falciparum and P. vivax than in those with P. falciparum alone
(30).

Over the last two decades, fewer than 30 patients were reported with vital
organ dysfunction in P. vivax infection including central nervous system, lung, kidney,
liver, spleen, bone marrow, gastrointestinal tract and coagulation system. The
pulmonary edema is one of the most common complications in P. vivax infection. The
severity disease in P. vivax infection has been occurred with coexisting disease
including old age, or to the concomitant presence of P. falciparum. However, these
contributing factors were neither found nor evaluated in these most of case reports.
Except for a few patients with nephrotic syndrome or spontaneous splenic rupture,
most patients reported with severe manifestations recovered, the prognosis in severe
vivax malaria is usually good (31). Recently study reported 11 patients of severe
P. vivax malaria with absence of P. falciparum in Bikaner (Western India). Patients
exhibited cerebral malaria, renal failure, circulatory collapse, severe anemia,
haemoglobinurea, abnormal bleeding, acute respiratory distress syndrome and
jaundice. The clinical data from these patients strongly indicated that P. vivax can
cause both sequestration-related and nonsequestration-related complications of severe

malaria (32).
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3.3 Chemoprophylaxis and treatment of vivax malaria

Chloroquine is a blood schizonticide against both P. vivax and P. falciparum
and is the standard drug regimen for the treatment of P. vivax infection. However,
chloroquine alone can not clear tissue schizonticidal activity. Relapse is an important
aspect of the P. vivax life cycle and caused by parasites in the blood stream originating
from dormant liver stages. Therefore, an appropriation dosage of 8-aminoquinoline,
primaquine, drug for tissue schizonticide, was necessary to follow chloroquine therapy

to prevent relapsing period by killing the stages in the liver.

In Thailand, the standard antimalarial drug is chloroquine 1500 mg base over
3 days followed by primaquine 15 mg daily for 14 days. The existence of strains of
P. vivax that differ in their relapse patterns and innate sensitivity to primaquine
influences the choice of regimen for a radical cure. A total dose of chloroquine base of
7 ng/kg (equivalent of 420 mg in an adult) given as 30 mg of primaquine base daily for
14 days is usually used to achieve 100% cure rates for strains of P. vivax from Papua
New Guinea, Solomon Islands and Vanuatu and parts of Indonesia. For strains of
China, South East Asia, central Asia, the Middle East, Northern Africa, Central and
South America can be cured with half this dose. There is limited evidence that strains
from the Indian subcontinent may respond to a 5 day course of 15 mg of primaquine
base (34).
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3.4 Current status of antimalarial drug resistance

The spread of parasite resistance to antimalaral drug is one of the greatest
challenges in malaria control worldwide. The one reason is the limited number of
drugs, which led to increasing difficulties in the development of antimalarial drug

policies and adequate disease management.

Chloroquine is an effective antimalarial drug first introduced in 1946 (35).
The emergence of P. falciparum resistance to chloroquine was first reported in the
1957 along Thai-Cambodia border area and in South America (36, 37). Nowadays, it
has spread to all malaria endemic regions in the world (38). Chloroquine resistance by
P. vivax was first reported in 1989 in Papua New Guinea (39). Several years later, the
incidents of chloroquine resistance by P. vivax was reportes in Indonesian (40),
Myanmar (41), India (42), and in travelers to Guyana, South America (43). However,
studies in Thailand and The Philippines revealed no chloroquine resistance in P. vivax
(44, 45). Surveys in Indonesia revealed a low frequency of chloroquine resistance in
P. vivax in the West (~10%) and a higher risk in the East (~45%) (40, 44). A recent
study has reported chloroquine resistance in P. vivax from Malaysia, Myanmar,

Vietnam, Thailand, India, Guyana, Colombia and Peru (7).

4. Immune response against malaria infection

Malaria infection is regulated by both the innate and acquired immune
responses in the vertebrate host. Innate immunity can be classified into resistance
based on host genetics and/or cell mediated immunity mechanisms (46, 47). The
resistance based on host genetics may involve impairment of the merozoite invasion of
erythrocytes, reduction in the growth of the parasite within erythrocyte and reduction
of vitality of merozoites after they are released from schizonts (48). Resistance based
on cell mediated immunity is developed against all foreign and non-self objects. For
malaria parasites, it may be mediated by phagocytosis of merozoites or parasitized
erythrocytes by monocytes, macrophages and dendritic cells (DC), and by induction of

immunologic molecules such as Toll-like receptors (TLR) (49-51). Acquired
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immunity involves both the cellular and humoral immunity. In malaria, this immune
system is stage- and species-specific and slow, which requires repeated parasite

exposure (47).

4.1 Natural immunity against malaria infection by host genetic factors

Genetic diseases and polymorphisms have been shown to confer natural
protection against malaria infection consisting of sickle cell trait, thalassemia, enzyme
deficiencies, ovalocytosis and ABO blood groups as described in the details. In
regions where P. falciparum is endemic, all these factors are presumed to confer
protection against malaria infection and to modify the erythrocyte membranes which
inhibit the parasite growth and survival (48).

4.1.1 Enzyme deficiencies

In vitro studies have been shown the growth of P. falciparum is reduced in
glucose-6-phosphate dehydrogenase (G6PD) deficient red cells than in normal red
cells (52, 53). In addition, there is evidence that G6PD-deficient iRBC during the ring
stage parasites are phagocytosed more rapidly than those from normal individuals (54).
G6PD-deficent cells may lack the ability to resist sustained oxidative stress adequately.
Therefore, free radicals produced from the parasites are a challenge which render the

red cells more susceptible to phagocytosis.

4.1.2 Sickle-cell trait

Sickle cell trait confers more than 90% protection in African children against
severe malaria symptoms: cerebral malaria and anemia (55). Haemoglobin (Hb) S has
been shown to protect against severe attacks by P. falciparum malaria in Gabon (56),
however the mechanism to protection is unclear. Luzzato et al. reported that the rate of
sickling in parasitized cells from sickle cell trait was higher than that of non-
parasitized cells. They postulated that malaria induced sickling in circulating sickle

cell trait cells that normally do not sickle, which leads to increased removal from the
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circulation (57). Other possible mechanisms by which sickle cell trait can protect from
malaria include inhibition of P. falciparum growth in RBC, increased phagocytosis of
IRBC and release of toxic compound during sickling. Other studies have shown that
individuals carrying HbAC and HbCC are protected from malaria (58) and this study
was supported by abnormal growth development of the parasite in RBC containg HbC
(59). In addition, the growth of parasites was inhibited in both HbE and the HbE
homozygous genotype (60).

4.1.3 Thalassemias

Thalassemia is a disorder of hemoglobin production, which consists of o-
and B-thalassemia characterized by under production or deletion of o and 3 globin,
respectively (61). Both a and p-thalassemias are associated with decrease in
susceptibility to malaria infection. B-thalassemia has been reported to protect against
severe complications of P. falciparum infection (62). The protection by thalassemia
against malaria may be related to the inability of the parasite to invade or multiply, or
to cytoadhere to endothelial cells (63).

4.1.4 Blood group antigen polymorphisms

The Duffy protein on the surface of RBC plays an important role in P. vivax
infection. P. vivax merozoites bind to this protein to invade RBC (64). Therefore,
people who are Duffy negative, are resistant to P. vivax infection (65, 66). Other
proteins have been implicated in malaria protection, including ABO blood groups and
complement receptors. Individuals with blood group O have been reported to have
fewer episodes of cerebral malaria than individuals with blood groups A or B (67).
This might be the result of differences in the ability of iRBC to form rosettes (68, 69).
Recently, it has been reported that the cerebral malaria caused by rosetting from
mature trophozoites and schizonts is more common in individuals who have blood
group A (70).
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4.1.5 Ovalocytosis

Invasion of the RBC by merozoites is a complex process, involving several
stages including attachment, invagination of the RBC membrane around the merozoite
and sealing of the invaginated membrane to form a vacuole and to reestablish RBC
membrane (71). Cytoskeleton or membrane proteins are known to be critical for the
invasion of malaria parasites. Ovalocytosis is characterized by highly polymorphic
RBC with cytoskeleton abnormality, this RBC variant confers resistance to high
parasitaemia with P. falciparum, P. vivax and P. malariae, and to invasion by

P. falciparum merozoites (72, 73).

4.2 Innate immunity

4.2.1 Macrophage

Macrophages are well known to act as antigen presenting cells (APC) in host
inmune system. Their abilities to phagocytose IRBC in the absence of cytophilic or
opsonizing malaria-specific antibody indicate an important function in innate
immunity (49). This study also suggests a role for the scavenger receptor CD36, in
opsonin-independent phagocytosis of P. falciparum-infected erythrocytes by
monocytes from non-immune individuals. This interaction involves binding of CD36
to P. falciparum encoded erythrocyte surface protein 1 (PfEMP-1) on the iRBC.
Adherence of iIRBC to CD36 results in the escape of the parasites from the immune
system as well as increased severity of infection (74). However, macrophages function
is reduced in malaria infection after phagocytosis of infected erythrocytes (75).
Several studies have shown that inhibition of macrophage function may be due to
hemozoin, known as “malaria pigment”, a crystalloid polymer of haem moieties that

accumulates during the erythrocytic cycle (76, 77).

Macrophages might be more important during adaptive immunity as effector
cells that mediate antibody-dependent cellular inhibition or the production of anti-
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parasite molecules, such as nitric oxide (NO), after their activation by CD4" T cell-
derived IFN-y (78, 79).

4.2.2 Dendritic cells (DC)

DCs are potent APC that play a central role in both innate and adaptive
immune responses, because their unique ability to take up, process antigens and to
activate both naive and memory T cells (80). Evidence that malaria parasites interact
with DC to control the immune system is limited and controversial. In vitro study has
shown that P. falciparum-infected erythrocytes bind to CD36 on the surface of human
peripheral blood derived DC and inhibit the up-regulation of the expression of MHC
class 1l molecules, intracellular adhesion molecule 1 (ICAM-1), CD40, CD80, CD83
and CD86 (50). This study indicated that malaria parasites inhibit DC maturation. In
contrast, studies in P. yoelli and P. chabaudi chabaudi AS models have shown that DC
maturation and activation are not inhibited by in vitro or in vivo exposure to blood
stage parasites (81, 82). In addition, one study has found that purified hemozoin from
P. falciparum induces DC maturation, as the evidenced by the up-regulation of
expression of co-stimulatory molecules and marked increases in IL-12 production (83).
This study contrasts to a recent study which has shown that hemozoin inhibits the
differentiation and maturation of DC (84). Therefore, the real mechanisms of DC

activation by malaria parasites seem to be different and still controversial.

4.2.3 Toll-like receptors (TLR)

TLR are major class of PRR (pattern-recognition receptors) that have unique
and essential function in animal immunity. TLR comprise a family of type |
transmembrane receptors, which consist of at least 11 members. TLR are characterized
by an extracellular leucine-rich repeat (LRR) domain and an intracellular Toll-I/IL-1
receptor (TIR) domain (Figure 8). TLR have a role in activating innate immunity and
modulating adaptive immune responses to pathogen-associated molecular patterns

(PAMP) including microbial pathogens, virulent factors and intracellular protozoan
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parasites (85, 86). The activation of TLR leads to the induction of effector genes
which act in controlling the innate immune response against bacterial and viral
infection (87).

The activation of DC through TLR is illustrated in Figure 9. The presence of
PAMP through TLR expressed on DC, up-regulates cell surface expression of co-
stimulatory molecule CD80 and CD86 and MHC class Il. TLR also induce expression
of cytokines, IL-12 to induce DC maturation. Induction of CD80 and CD86 on APC
by TLR leads to activation of T cells specific for pathogen. IL-12 also contributes to
differentiation of activated T cells into T helper (TH) 1 effector cells. However, it is
not yet known whether TLR play any role in the induction of TH2 responses (85).

This mechanism is not yet investigated in parasitic infection, but believed to
be importance for the innate immune system in malaria. A recent study has shown the
role of TLR in malaria infection. The study has shown that the blood stages of
P. falciparum can activate human plasmacytoid DC and murine DC through a TLR9
(51). Another study has been found that haemozoin of P. falciparum can activate
innate immune response through TLR9 both in vivo and in vitro. This results in the
production of cytokines, chemokines and up-regulation of costimulatory molecules on
DC (88). However, the mechanism for induction of immune response by activation of
DC through TLR and blood stage interaction of human malaria parasites is still not

clear.

However, possible mechanism for induction of immune response against blood
stage of malaria parasites can be seen in Figure 10. The adaptive immunity to blood
stage malaria by cytokines produced by cells of the innate immunity, DC and
macrophage. The recognition of infected erythrocytes by PRR, such as TLR and CD36
induce DC maturation. The maturation of DC is associated with the up-regulation of
co-stimulatory molecule lead to production of cytokines including IL-12. IL-12
activates Natural Kkiller cell (NK) cells to produce IFN-y and induces the differentiation
of TH1 cells. IFN-y producing NK cells induce DC maturation, activate macrophage

and facilitate the clonal expansion of antigen-specific naive T cells. IL-12 produced by
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antigen specific TH1 further activates NK cells to produce IFN-y which induces DC
maturation and activates macrophages. IL-10 and TGF-B negatively regulate both

innate and adaptive responses (79).

IL-1R TLR

Box 3

Figure 8 TLR structure: TLR and IL-1R have a conserved cytoplasmic domain, that
is known as the TIR domain. The TIR domain is characterized by the

presence of three highly homologous regions (boxes 1,2 an 3) (86).

PAMP or
O Pathogen

Pathogen Toll

Endoeytic
PRR

Dendritic
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Figure 9 The activation of DC through TLR (85).
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Figure 10 Linking of innate and adaptive immunity to blood stage malaria (79).

4.3 Humoral and cell mediated immunity against malaria infection

4.3.1 A model of protective immunity mechanisms based on the

current approach to vaccine development

Malaria vaccine development can be classified according to parasite stages as
the targets. Pre-erythrocytic stage vaccines directed against sporozoites by y-spz
immunization are designed. The preformed antibodies against these sporozoites can
neutralize the sporozoite infectivity and protect the invasion to the hepatocytes. In
addition, the vaccine against liver stage antigen that can stimulate the cytotoxicity T
cell to secrete IFN-y, promote the elimination of intracellular parasites (89). Vaccine
against asexual blood stage are mediated by the combination of antibodies, IFN-y, and
NO production, thereby results in reduction of clinical severity (90). Vaccination of
human against the mosquito stages is designed to stop the development of parasites in
the mosquitoes (Transmission-blocking vaccine). Therefore, following the biting, the
immune response from vaccinated person prohibits the parasites development in the
infected mosquitoes leading to the reduction of the transmission to another man,
malaria infection rates and morbidity of the population (Figure 11).
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Figure 11 A model of host immune response against malaria parasites based on the

vaccine development (91).

4.3.2 Naturally acquired immunity to malaria

Naturally acquired immunity has short lived in the absence of repeated
infection. Thus, immune individuals leaving endemic areas rapidly develop
susceptibility to reinfection and this immunity fails to develop where malaria is
hypoendemic, epidemic or meso-endemic. In low endemic areas with unstable malaria
prevalence, immunity in the population is generally low. Thus, clinical malaria and
severe complication are found in all age groups (92). The low immunity may be due to
various factors including host genetic factors, antigenic variation of parasites and
possibly a prevalence of infections (93, 94). Futhermore, naturally acquired immunity
is not sterile although it appears protective. In hyperendemic areas, children born from
immune mothers are protected against malaria during the first six months of life by
transfer of maternal antibody to the child. This passive immunity is followed by 1 to 2

years of increased susceptibility until development of active immunity (95).

The study in human has found that individuals living in endemic areas, who

are naturally exposed to the malaria infected mosquitoes, develop immune responses
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to sporozoites (96). The anti-sporozoite antibody titers gradually increase childhood
until the early adulthood African. However, some studies has been found that acute
malaria infection can reduce anti-sporozoite antibody responses in the rodent malaria

model and inhibit the response to vaccines in children living in endemic areas (97).

It is believed that acquired immunity after repeated infection is principally
directed against the blood stage of the parasite antigen and is mediated by protective
antibodies that decline in the absence of continuous exposure to the parasites. Until
now, it is not clear why long term protection is not maintained, but there are evidences
that the parasite evades from host immune response to survive in the host. One
mechanism by parasite has been proposed that malaria blood stage inhibits the
maturation of DC and prevents their maturation to functional APC (50) and
immunosuppression mechanism by the activation of regulatory T cell by malaria

parasite (98).

4.3.3 Immune response against exo-erythrocytic stage of

malaria

A model for the induction and maintenance of Plasmodium specific cellular
immunity in the liver is shown in Figure 12. After sporozoites invade hepatocytes,
some sporozoites are phagocytosed by APC, DC and Kuffer cells in the liver and
parasites accumulate within the hepatocytes. When hepatocytes rupture, the parasites
will be phagocytosed by APC. The presentation of sporozoites and exo-erythocytic
stage (EES) antigens in association with MHC class Il and class | on the surface of the
APC leads to cross-priming of antigen specific CD4" and CD8" T cells. EES might be
presented by MHC class | molecules on hepatoytes to CD8™ T cells. The activation of

CD4" T cells leads to production of inflammatory cytokines, such as IFN-y and TNF-a
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Figure 12 A model for the induction and maintenance of specific cellular immunity in
the liver (99).

4.3.3.1 The role of CD8" T cells

The study of the immunohistology of liver section from attenuated
sporozoites-immune rodent has shown a significant (6-fold) increase in the number of
CD8" T cells after sporozoites challenge, with no increase in the number of CD4" T
cells (100). This study has shown that CD8" T cell are the predomimant of intrahepatic

T cells against Plasmodium induced by attenuated sporozoites.

CD8" T cell specific for epitopes on the circumsporozoite protein (CS) and
sporozoite surface protein 2 (SSP2) have been identified in attenuated sporozoites
immunized mice and in human (97). Depletion of CD8" T cells interferes with
protective immunity and, in contrast, transfer of CS protein specific CD8" T cell
confers protection (101, 102). Therefore, CD8" T cells are the predominant of anti pre-
erythrocytic stage of malaria. However, the mechanisms of CD8" T cells mediated
elimination of sporozoites from infected hepatocytes are not understood. The studies
have shown that y-spz mediated immunity is abolished after treatment with antibody to
IFN-y (103, 104) and the protection after adoptive transfer of a CD8" T cell clone
against P. yoelii CS was abolished after treatment with anti-IFN-y (103, 104). The
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study provided in Gabon has shown that IFN-y induces induible nitric oxide syntase
(iNOS) (105). Taken together, the studies have shown that CD8" T cells lead to the
production of IFN-y and induction of nitric oxide synthase. This might be a part of
their mechanism that eliminates the intrahepatic parasite (106). However, this study
also showed that this killing mechanism is independent of lytic activity by perforin and

Fas mediated cytotoxicity (107).

4.3.3.2 The role of Memory CD8" T cells

Why naturally acquired immunity to malaria is short lived? A possible
answer is the absence of memory T cell response, since the Plasmodium antigens are
not formed in the livers as schizonts rupture to release merozoites that quickly invade
the RBCs. y-spz by gamma radiation are used for immunization to the host to answer
whether memory T cells is required for the maintenance of protection. Like non-
irradiated infectious sporozoites, y-sporozoites can continue to invade hepatocytes
both in vitro and in vivo (108), transform and initiate development into liver stage
parasites and express liver-stage antigens (109), but nuclear division does not occur
and most parasites eventually disintegrate. In murine y-spz may persist for weeks or
longer (110) as antigens depot for continuous antigen stimulation of reactive
lymphocytes (106, 109). Evidence has shown that memory CD8" T cells persist in
liver in mice by determination of CD45RB expression, memory cell marker, that
change from CD45RB™ to CD45RB' when increase of antigenic exposure and the
stage of cellular maturation (111). The study has shown that memory CD8" T cells
(CD45RB"CD44™) correlates with the maintenance of protective immunity as can be
seen in Figure 13. The study has shown the protection by inoculation with infectious
P. beghei sporozoites starting one week after the last boost immunization with y-spz.
Protective immunity persists in these mice for at least 6 months (112). The diagram
also showed general patterns of activation of liver memory CD4" and CD8" T cells. In
addition, the persistence of memory CD8" T cells was restricted to liver lymphocytes,
but not splenic T cells (113). This observation suggests that the memory CD8" T cells
might be induced to protect against liver stage of murine malaria parasite, but in

human is still uninvestigated.
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Figure 13 The diagram illustrates acquisition of sterile and long lasting protective
immunity induced in C57BI/6 mice by three weekly immunizations with
75000 (75K), 20K and 20K y-P. berghei sporozoites and inoculate with
P. berghei sporozoites (112).

4.3.3.3 Cytokines in pre-erythorocytic stage immunity

The effector cells that provide parasite-specific immunity in the liver may
mediate their function through releasing of cytokine. IFN-y was the first cytokine for
inhibition of the hepatic stages of rodent and human malaria, in both in vitro and
in vivo. IFN-y has a lytic effect on the liver stage parasites (114). The injection of
IFN-y in vivo can protectagainst sporozoites in mice (115). This level of protection is
reduced when administration of anti-IFN-y (116), and does not generate protective
immunity in IFN-y receptor KO mice when immunized with attenuated sporozoites
(117). IFN-y could be derived from CD4" T cells and CD8" T cells in the liver (118).
Secretion of IFN-y by these cells directly lyses of hepatocytes by CTL and suppress of
parasite growth in hepatocytes by the few CD8" T cells that encounter infected
hepatocytes. IFN-y could also indirectly by up-regulating MHC class | and class 1l
molecules and B7-1 and B7-2 costimulatory molecules on both Kupffer cells and

hepatocytes. Thus, this would further promote activation of effector T cells.

TNF-a could be derived from either activated liver T cells or Kuffer cells,

and induces non-parenchymal cells to secrete IL-6, which stimulates the production of
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NO to suppress the development of the malaria parasites. TNF-o. could modulate
parasite specific immunity through the up-regulation of MHC, co-stimulatory

molecules in similar to IFN-y (119).

In human, CD4" T cells that express CD45RO have been detected in the
peripheral blood circulation of persons who treated by attenuated P. falciparum
sporozoites. The study has shown that the CD4"CD45RO T cells produced 1L-4 and
play role in the protective immunity against P. falciparum infection (12). This study
has been confirmed by recent study, showed that memory CD4" T cell
(CD45RO'CD27) T cell produce IL-4, and shown in long-term protection against
P. falciparum infection (8). Therefore, it is possible that IL-4 may play a significant

role against malaria infection.

IL-12 is produced by mononuclear phagocytes and other cells play role to
protection against pre-erythrocytic stage. This cytokine activates cytotoxic and NK
cells with subsequenct production of IFN-y. The evidence has shown that IL-12

enhanced killing of intrahepatic parasites by IFN-y mediated pathways (120).

4.3.4 Immune response against erythrocytic stage of malaria

4.3.4.1 Humoral immune response

Malaria infection induces strong humoral immune responses in immune
residents of endemic area. The level of total antimalarial antibodies increases with age
and depends on the length and intensity of exposure to malaria. However, the
efficiency of antibody-mediated inhibition of parasites is rather in blood stage than
liver stage infection (121). Antibodies also play an important role in antibody-
dependent cellular cytotoxicity and phagocytosis involving polymorphonuclear cells,
neutrophils or platelets (122). Phagocytosis is enhanced by an antibody binding to
antigens on extracellular parasites or infected erythrocytes, which are recognized by

macrophages and neutrophils via Fc receptors.
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The humoral immune response involves the production of Immunoglubulin
(Ig) M, IgG and other Ig isotypes, However, 1gG is most important. The passive
transfer of immune IgG to Gambian children gave rise the protection (123). The
immunity against blood stage of P. falciparum infection is associated with class and
subclass of 1gG antibody. 1gG1 and 1gG3 isotypes, cytophilic antibodies, are shown as
protective role in P. falciparum infection (124). In similarly, 1gG1 and 1gG3 are
predominant among P. vivax infected patients with history of malaria (125). Recent
study has shown anti-P. vivax merozoite surface protein 1 (MSP-1) IgG level among
subjects with distinct degrees of malaria exposure in endemic area. The IgG1l and
IgG3 were high among the subjects with less exposure (~1 year) when compared with
long term exposure (>19 years) with P. vivax infection in endemic persons (126).

The IgE antibodies seem to play a pathogenic role. Both human and animal
model studies have shown an association between malaria pathogenesis and elevation
in both total IgE and malaria specific IgE antibodies. The mechanism is probably due
to IgE containing immune complex, which may induce the pathogenenic via the cross-
link of IgE receptors on monocytes/macrophages, results in the overproduction of
local TNF-a, a major pathogenic factor in malaria (127). However, antigenic variation
of the parasites may lead to the failure of protective efficiency by antibodies which
need to be solved in the future (128).

4.3.4.2 The role of T cells

CD4" T cells are essential for immune protection against asexual blood
stages in both murine and human malaria. CD4" T cells can be divided into TH1 and
TH2 cells depend on the cytokine production. TH1 are involved in the clearance of
parasites through cell mediated effector mechanisms, by phagocytes and production of
TH1 cytokines, whereas TH2 can clear parasites via the activation through the
coopearation with B cells, lead to antibody production (129). CD4" TH cells are
required for antibody production to most malaria antigens and also act as the effector
cells with malaria antibodies to clear parasites (130). One model suggested that

parasites can stimulate CD4" T cells, which then activate macrophages/monocytes and
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neutrophils via IFN-y, TNF and other cytokines. The activated macrophages,

monocytes then kill parasites by NO, or phagocytosis of parasitized erythrocytes (92).

The evidence has shown that in vivo depletion of CD4" T cells has been
associated with abrogation of immunity in mice infected with P. vinckei (131). In
human, T lymphocytes from donors primed with malaria antigens by repeated natural
infection can be induced in vitro to proliferate or produce IFN-y by malaria antigens
(132, 133), and they can inhibit growth of P. falciparum parasites (134) in vitro.
Furthermore, IFN-y production and proliferation have been reported for T cells from

donors recovering from a malaria attack (135).

For CD8" T cells, they play an important role of effector functions in pre-
erythocytic immunity (136) in the reason of human erythrocytes do not express major
histocompatibility complex (MHC), lysis of infected erythrocytes by CD8" T cells has
no role in the defense against blood stage of malaria parasites.

4.3.43 The role of y3 T cell

Antigen recognition by human T cells is mediated through two types of T
cell receptor (TCR) consisting of ap and yd chain which are associated with CD3
surface molecules. The vast majority of lymphocytes in the peripheral blood (>90%)
express the ap TCR whereas about 6-8% bear the y8 TCR. y8" T cells are broadly
divided into cells expressing either V51" or V82" chain. Cells expressing V&2 in
association with Vy9 have approximately 75% of all y3" T cells in the peripheral blood
(137). v8" T cells have been reported to produce various cytokines and act as both
MHC restricted and non MHC restricted cytotoxic effector cells (137). yd T cells have
been reported to be elevated in peripheral blood and spleen (138-141) of individuals
with acute or convalescent P. falciparum infection and also in spleen of mice with
malaria (142). An increase of y5 T cells has been observed in non immune P. vivax
patients during clinical paroxysms (143). Moreover, yo T cells are increased in the

spleen of humans who died from cerebral malaria (141). Several studies suggest that
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vd T cells play a role in protective immunity against malaria (144) or in malaria
pathogenesis (145). The cytokine profile (IFN-y, TNF-o, TNF-B) of human peripheral
vd T cells is compatible with a pro-inflamatory response and macrophage activation
(145). In vitro stimulation with P. falciparum extracts of blood mononuclear cells not
previously exposed to malaria also results in yd T cell activation, with a majority of the
responding cells expressing Vy9/VVé2 (146, 147) and a minority V31 (140). Activation
of yd T cells but not a3 T cells from malaria naive donors inhibit parasite replication
in erythrocytes in vitro (148, 149) and also induced the production of pro-
inflammatory cytokines (149), suggesting that these cells have protective function and
their mechanism involves both cytotoxic and regulatory functions against malaria

infection.

4.3.4.4 The role of NK cell

NK cell are mainly found in peripheral blood, the spleen and bone marrow
(150). NK cells represent approximately 10% of PBMC and 0.4-5% of mononuclear
cells in secondary lymphoid organs (151). In human, NK cells are defined by surface
expression of CD56 and the absence of CD3. The expression of surface molecule
including Leu-7 (leukocyte marker 7 or CD57), IL-2p (interleukin 2 receptor 3 chain
or CD122), KLRB1 (killer cell lectin like receptor B1 or CD161) has been used as
marker for NK cells, but these are also expressed on some T cell and NK-T cells. NK
cells mediate cytotoxicity using in similar mechanisms to the cytotoxic T cells,
including secretion of perforin and granzymes, then induction of cell death by
apoptosis (152). The other effector function is the secretion of proinflammatory
cytokines, for example IFN-y, TNF-o, Granulocyte-monocyte colony-stimulating
factor (GM-CSF) (153).

The depletion of NK cell leads to rapid increase in blood parasitaemia during
P. chabaudi chabaudi AS infection in mice (154) and increased mortality rate in mice
infected with P. yoelii (155). In addition, these NK cell responses are IL-12 dependent
(154, 156). Recent studies indicated that NK cells are the first cells in peripheral blood
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to produce IFN-y in response to P. falciparum infection. An in vitro study has shown
that NK cells are activated during the first 18 hours of exposure to infected
erythrocytes, followed by yd T cells and NK T cells after 24 to 48 hours, respectively.
This activation was dependent on IL-12 (157). Recent study has shown that the NK
cells from both healthy and P. falciparum infected individuals directly lyse parasitised
erythrocytes in vitro (158), and this killing mechanism requires contact between NK
cells and P. falciparum infected erythrocytes (157, 159). Therefore, these evidences
indicated that at least two signals are required for activation of human NK cells by
malaria parasites. One signal is cytokine mediated and the other requires direct contact
between NK cells and the infected erythrocytes. In addition, the recognition of NK
cells to malaria infected erythorocyte also depends on the expression of TLR or down
regulation of ligand for inhibitory receptor. The model mechanisms for the activation
of NK cells by malaria-infected erythrocytes are recently proposed by Korbel et al.
(153) as can be seen in Figure 14. The macrophages or DC are activated by malaria
infected erythrocytes. The activated cells mature and release cytokines including IL-12,
IL-18, which in turn activate NK cells to produce proinflammatory cytokines, IFN-y,
which then stimulates APC. In addition, IFN-y links innate to the adaptive immunity
by induces DC maturation and the differentiation of TH1 cells. The killing mechanism
includes the release of cytotoxic proteins, granzymes and perforin. This activation of

NK cells also requires the direct recognition of the infected erythrocytes.
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Figure 14 The model for the mechanisms of the activation of NK cells by malaria

infected erythrocytes (153).
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4.3.4.5 The role of Memory T cell

As the host cells of blood stage parasite, erythrocytes cannot be processed
and presented by APC, direct CD8" cytotoxic T cells mediated the killing of blood
stage infections is unlikely to be the major importance. There is a few detailed
information on the malaria specific CD4" T cells responses in humans. In the follow
up study has shown that memory CD4" T cells response to peptide epitopes of the
Pf155/RESA (ring infected erythrocyte antigen) antigens persisted in the absence of
reinfection for at least 5 years in the Madagascan malaria epidemic area (160). A
longitudinal study of cellular responses to MSP-1 found that the recall of IFN-y
responses was both more prevalent and of greater magnitude at the end of the rainy
(high transmission) season than during the dry season (161). In Eastern Sudan, where
transmission occurs for only a few weeks a year, malaria specific recall proliferative
and IFN-y responses have been reported in uninfected or sero-negative individuals,
indication that memory T cell responses can persist for some time in the absence of

ongoing infection.

However, humoral immunity seem to be long lived, to persist in the absence
of antigen and to be present at quite high frequency. Antimalarial antibody-secreting
cells and their precursors (memory B cells) could be detected following antigen re-
stimulation in vitro, at least 8 years after last exposure to malaria in the Madagascan
studies (160) and in individuals with a history of past malaria exposure between 0.1 to
1% of resting peripheral B cells were found to produce antimalarial antibodies after
restimulation (162). In contrast, maintaining high levels of circulating antibodies
appears to depend on the persistence of antigen, but antibody concentration is rapidly
boosted on reinfection and affinity maturation is detectable during secondary
responses. Thus during a 5 years period in which malaria trasmission was reduced by
insecticide spraying and mass treatment with antimalarials in the West African
savannah, a significant fall in antimalarial antibody prevalence, titer, and repertoire
was reported in all age groups in treated but not in control population (163, 164).
Conversely, antibody levels recovered rapidly in association with increased prevalence

of parasitaemia (163) and rapid boosting of antibody titers during a period of malaria
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transmission has been reported in several studies in areas of low intensity or
transmission such as Sudan (165) and Madagascar (160, 166). It seem that persistent
antigen or frequent reinfection is required to maintain high levels of circulating
antibody but that memory B cells can persist in the absence of antigen. Therefore, the
need for persisting antigen to maintain high levels of immediate effectors may be well

mechanism to be determined as vaccine model in the present.

4.3.4.6 Immune evasion of malaria parasite via

activation of regulatory T cells

Cell and antibody mediated immunity play a crucial roles in protective
immunity against malaria infection. However, it is difficult to acquired long-lasting
immunity, despite frequent exposure to malaria in endemic area. There are several
reasons for the immune evasion by parasites. One recent study have shown that
CD4'CD25" regulatory T cells play a crucial role in immune suppression (98).
Regulatory T cells are a population of CD4" T cells and constitutively express CD25,
the IL-2 receptor o chain. Regulatory T cells play crucial role in maintenance of self
tolerance by regulation the activation/proliferation of autoreactive T cells (167).
Recent study has proposed that murine malaria parasites evade immune response via
activation of regulatory T cells. This study has shown that depleting of regulatory T
cells allowed mice to survive from lethal strain of P. yoelii (168). These studies
indicate that the immune suppression in malaria infection is associated with activation

of regulatory T cells.

4.3.4.7 Cytokines in blood stage

Cytokines released during malaria infection may play roles of both protective
and pathological. These cytokines include pro-inflammatory; IFN-y, IL-1, TNF-a and
anti-inflammatory; IL-4, IL-10, IL-5.

IL-1 has been shown the inhibition of development of the hepatic stages of

P. falciparum and P. yoelii in vitro. However, IL-1 can induce expression of
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endothelial molecules, which support parasite binding, lead to the pathogenesis of
severe malaria symptoms (169, 170). In addition, IL-1 increment has been shown to

correlate with the disease severity in children (171).

The production of TNF-a may play role in the protection from development
of clinical symptoms of malaria (172). The association between TNF-ao. and severe
complications, cerebral malaria, organ damage, hyper-parasitaemia and severe anemia
has been reported in P. falciparum infection (173, 174). TNF-a level also correlated
with the rise and fall in temperature during the paroxysm in P. vivax malaria (175).The
schizont rupturing leads to the releasing of TNF-a. by mononuclear cells which causes
of fever in human (176). This TNF-induced fever may reduce the growth of
erythocytic forms of P. falciparum (177). TNF-a is also known to up-regulate
ICAM-1 expression and possibly other endothelial receptor molecules which increase
the endothelial binding of P. falciparum, leading to a direct damage of cells or tissue
(178). TNF-a also elicites protection by activation of macrophages and neutrophils to
phagocytose parasitized erythrocytes, and by induction of release of NO that inhibit

the parasite growth.

IFN-y has shown to protect against malaria in mice and monkeys (115, 179),
in addition, IFN-y can kills P. falciparum in in vitro cultures (114). IFN-y released by
CD4" T cells may activate mononuclear and polymornuclear leucocytes to
phagocytose and lyse iRBC (180, 181). The evidence has shown that fever during
P. vivax infection was associated with IFN-y induced macrophage activation as

measured by neopterin, a produce of IFN-y activated macrophage (182).

Several studies reported that IL-6 plays a role in the pathogenesis of severe
human malaria as levels of IL-6 correlated with TNF-o levels, parasitaemia and
disease severity in patients with P. falciparum infection (183). The high levels of IL-6
were found in Gambian children with cerebral malaria, in Thai adults with

complicated malaria and Gabonese children with severe malaria (184-187).
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IL-10 is required to protect against the effects of TNF-a., therefore, reduction
of severe anemia induces by the diseases (188). The PBMC from adult Kenyan
volunteers in response to LSA-1, produced increased levels of IL-10, which correlated
with resistance to re-infection with P. falciparum (189).

4.3.4.8 Nitric Oxide (NO)

NO is a bioactive substance acting as a neurotransmitter and vasodilator and
produced by various cells such as fibroblasts, hepatocytes, monocytes and
macrophages. INOS, an isoform of nitric oxide synthases, can lead to production of
NO (190). NO production can be induced by cytokines, mainly IFN-y, TNF-ca, IL-1,
lymphotoxins and lipopolysaccharides (LPS). However, NO production in vitro has
shown to be reduced in mouse macrophages, which had ingested malaria pigment
(192).

NO is a mediator to inhibit different stages of the malaria parasite and play a
protective role against malaria infection (192). In vitro study has shown the
suppression of the growth of P. falciparum in the presence of NO (193). NO may be
associated with severe diseases, in those associated with high TNF-a levels (70).
However, many evidences obtained in human experiments suggests that NO plays a

crucial role in protection against malaria (194).
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CHAPTER IV
MATERIALS AND METHODS

1. The study sites, subjects and blood samples collection

1.1 The study sites

The recruitment of patients infected with P. vivax were performed at the
Malaria Clinic, Mae Sot and Mae Kasa, Tak province, Thailand during April-June,
October-December 2003 and 2004. The immune villagers who lived in malaria
endemic area and had no parasitaemia were recruited from Mae Kasa village, Mae Sot,
Tak province. The adult healthy donors were recruited from Department of

Pathobiology, Mahidol University, Thailand.

1.2 Subject criteria

Finger prick blood film of all patients having febrile symptom, both males
and females, aged over 15 years old were screened for malaria. The diagnosis of
P. vivax malaria infection was based on microscopic examination of P. vivax
morphology (195) by the Giemsa stained of thick and thin blood films. Patients with
P. vivax positive in the thick blood smears and no other malaria species were recruited
to the study. The specific species of malaria parasites were confirmed by PCR at
Department of Entomology, AFRIMS, Bangkok, Thailand. All P. vivax infected
patients were examined again for the fitness criteria as follows: body temperature was
> 37°C but < 40°C, hematocrit was > 25%. The immune volunteers living in malaria
endemic area, Mae Kasa village, having no P.vivax during the blood collection were
recruited into the immune villager group. The healthy adults living in Bangkok, had no

experience and no antibody to malaria were recruited into the control group.
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1.3 Informed consent

This study was performed at 3 laboratories; a) Department of Pathobiology,
Faculty of Science, b) Department of Parasitology, Faculty of Medical Technology,
Mabhidol University, and ¢) Department of Entomology, AFRIMS, Bangkok. The
study design and use of human subjects were approved by the Committee on Human
Rights Related to Human Experimentation, Mahidol University (Approval no. 76/2003
on March 2003) and the Ethical Review Committees of AFRIMS and of the Ministry
of Public Health Thailand (see Appendix A). All volunteers were briefed on the

project procedures and provided informed consent prior to blood drawing.

1.4 Blood sample collection

Ten ml of venous blood from the subjects who fitted with the criteria as
described above, were collected. A drop of blood was dried on S&S903" filter paper
(Schleicher & Schuell, BioScience GmbH, Germany) and stored for further
confirmation of Plasmodium species. Fifty two patients having acute infection with P.
vivax were recruited. Seventeen patients gave consent to the follow up study on day 7,
14, 28 and 60 after treatment with chloroquine and primaquine. Ten ml of blood were

collected at each follow up day.

Fifty three P.vivax-negative indigenous villagers living in the same endemic
area were recruited into the immune control group. These immune controls had no
P. vivax infection at the time of blood collection as determined by both microscopy

and PCR analysis.

Twenty seven healthy adults living in Bangkok with no previous malaria
exposure and no antibodies to malaria were also recruited into the healthy control
group. Informed consent was obtained from each individuals before blood sample was

taken.
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2. Confirmation of malaria species by polymerase chain reaction (PCR)

PCR diagnosis for four human malaria parasites was performed as described

by Kimura et al (196).

2.1 DNA isolation from blood dried on filter paper by saponin-chelex
Method

The dried blood sample on the S&S903 filter papers were cut out as close to
the spot as possible without letting the blade touch the dried blood (because PCR is
sensitive and very little parasite DNA contaminated from other sources could generate
false signal). The blood spot filter was placed in a siliconized 1.5 ml microfuge tube
(Sigma, USA) and added 0.5-1 ml of 0.5% saponin-PBS (phosphate buffered saline) to
each tube (make sure that it covers the filter). The tube was incubated at least 4 hours
at room temperature (if the blood filter has been kept longer than 6 months, the
incubation period should be overnight at 4 °C). The brownish-red solution was
removed and added another 1 ml of saponin-PBS. The chelex solution (20% chelex
resin (Biorad, USA) diluted in distilled water, pH>10.5) was prepared and heated in
water bath at 95-100 °C. Fifty ul of chelex solution plus 150 ul of distilled water was
needed for each samples (make sure that chelex was fully suspended by proper
mixing). Saponin-PBS from each tube was pipetted off and then added 200 pl of hot
chelex solution, mixed in vortex at highest speed (17089 g, microcentrifugette 4214,
ALC International, Italy) for 30 seconds, then heated at 95-100°C for 5 minutes. The
solution was repeatedly mixed for 30 seconds and placed at boiling temperature for 5
minutes, spinned at 17089 g for 2 minutes. The supernatant containing DNA was
transferred to a new clean tube and stored in refrigerator until used. For later use, the

samples should be kept in freezer.

2.2 PCR amplification

The sequences and positions of specific oligonucleotide primers are given
below. The PCR mixtures consisted of 0.4 uM each primer (P1F and P2R), 1X PCR
Gold Buffer I (Applied Biosystems, USA), 1.5 mM MgCl, (Applied Biosystems,
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USA), 200 uM dNTP (Promega, USA), 0.25 U AmpliTaq Gold (Applied Biosystems,
USA) in total volume of 20 ul. Distilled water was used as negative control and NF54
of P. falciparum and Sal strain of P. vivax was used as positive control. After
preliminary denaturing step at 94 °C for 10 minuites, 35 cycles of amplification were
performed at 92 °C for 30 seconds, 60 °C for 90 seconds and 72 °C for 1 minute,
followed by final extension step at 72 °C for 5 minutes. Amplification was conducted
in a thermocycler (GeneAmp” PCR System 2700 (Applied Biosystems, USA)). The
PCR product was resolved by electrophoresis in 2% agarose gels, stained with
ethidium bromide and observed under ultraviolet transillumination. The expected PCR

product was 140-160 bp.

Primers: Small subunit ribosomal DNA (SSU rDNA) gene consisting of;
P1F: ACG ATC AGA TAC CGT AAT CTT

P2R: GAA CCC AAAGACTTTGATTTCTCAT

FR: CAA TCT AAA AGT CAC CTC GAA AGA TG

MR: GGA AGC TAT CTA AAA GAA ACACTCATAT

OR: ACT GAA GGA AG AAT CTA AGA AATTT

VR: CAA TCT AAG AAT AAA CTC CGA AGA GAA A

2.3 Second round PCR

The amplification reaction was performed in the same components,
concentration, and volume as previously described except each reaction contains
forward primer (P1F), and one of each reverse primer (FR, OR, MR and VR) and
template DNA is 1 pl of 1:20 dilution of the first PCR product. After preliminary
denaturation step of 10 minutes at 94 °C, 20 cycles of amplification were performed at
92 °C for 30 seconds, 60°C for 90 seconds and 72 °C for 1 minute, followed by final
extension step at 72 °C for 5 minutes. Amplification was conducted in a thermocycler,
GeneAmp” PCR System 2700 (Applied Biosystems, USA). Then PCR product was
resolved by electrophoresis in 2% agarose gels, stained with ethidium bromide, and

observed under ultraviolet transillumination. The expected PCR product was 110 bp.
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3. Preparation of peripheral blood mononuclear cell (PBMC)

Venous blood was collected in heparinized tube (5000 i.u/ml) and mixed
with an equal volume of RPMI1640 medium (GIBCO, USA) (see Appendix B). The
diluted blood was carefully over-layered on Lymphoprep™ (AXIS-Shied PoC AS,
Norway) and PBMC were separated by gradient centrifugation at 800 g for 20 minutes
at 20°C according to the manufacturer’s recommendation (197). PBMC were collected
from the interface between plasma/medium and Lymphoprep™ solution (Figure 15)
and washed twice with RPMI1640 at 800 g for 10 minutes. The PBMC pellet was
finally resuspended in RPMI1640 containing 10% heat-inactivated fetal calf serum
(FCS) (GIBCO, USA). The viability of PBMC was determined by tryphan blue

exclusion dye and the number of cells was counted in a hematocytometer before

cryopreservation.
Blood/ Plasma/
medium —* “*— medium
44— PBMC
Lymphoprep —

-4— RBC

Before After

Figure 15 Before and after PBMC separation by gradient centrifugation.

4. Cryopreservation and thawing method for PBMC

PBMC were diluted to 10" cells/ml and cryopreserved in Cell Banker®
(Nihon Zenuaku Kohgyo, Japan) or cold heat-inactivated FCS containing 10% DMSO
(Calbiochem, USA) solution. For cryopreservation in Cell Banker® solution, 10’
cells/ml were centrifuged with 1190 g 5 minutes and supernatant was discarded. One
ml of Cell Banker” solution was added into PBMC pellet immediately.

For the cryopreservation by 10% DMSO, the PBMC were slowly added 0.5
ml of cold heat-inactivated FCS containing 20% DMSO into 0.5 ml of 10 cells.
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Frozen PBMC were kept in -70 °C overnight and transferred to liquid N».
PBMC were later transported to Department of Pathobiology, Faculty of Science,
Mahidol University, Bangkok. For memory T cells and yd T cells studies, the PBMC

were kept in liquid N, between 3-6 months for further analysis.

Frozen PBMC were thawed at 37 °C immediately then transferred into a 50
ml tube and slowly added 10 ml RPMI1640 per 1 ml of cell suspension. Thawed
PBMC were washed twice with PRMI1640 and cell viabilily was determined using
tryphan blue exclusion before staining. Percentage of viable cells ranged between 90-

100%.

For the study of effect of cryopreservation to memory T cells phenotypes and
viability of the PBMC, The PBMC from all population groups was frozen by 10%
DMSO. T cells phenotypes and the cell viability were determined prior to
cryopreservation and after thawing during different periods of storage (between 2

weeks to 10 months).

5. Parasite cultures

Heparinized P. vivax or P. falciparum iRBC from the same endemic area was
used for antigen in the ELISA. The P. vivax infected blood was diluted 1:1 with
RPMI1640 and depleted of white blood cell by filtering through a sterile CF11
cellulose (Whatman®, UK) or Plasmodipur™ filter (Euro-Diagnostica, Netherland).
The iRBC were run through the column and the eluted iRBC were washed with
RPMI1640 by centrifugation at 1190 g for 5 minutes. iRBC were cultured for 24 — 30
hours at 5% hematocrit in McCoy’s 5A medium (GIBCO, USA) (see Appendix B)

supplemented with 25% human serum.

For P. falciparum infected blood, a buffy-coat separation was used to get rid
of the white blood cells and the parasites were cultured at 5% hematocrit in RPMI11640
medium supplemented with 10% human serum. Both P. vivax and P. falciparum

parasites were maintained in an incubator containing 5% CO;, 5% O; and 90% N,.
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Maturation of parasites was examined by thin and thick blood film and stained with

Giemsa.

6. Antigen preparations

The parasites were cultured until mature to schizont stage. The iRBC of
mature stage were enriched by centrifugation using 60% Percoll (Pharmacia, Sweden)
(see Appendix B) at 1190 g 10 minutes for P. vivax and 20 minutes for P. falciparum.
The iRBC of mature stage were collected from interface between plasma/medium and
percoll solution (Figure 16) and washed twice with RPM11640 medium then the pellet
was stored at -70 °C. All of mature P. vivax and P. falciparum enriched preparations
were pooled separately. The enriched iRBC pellets were diluted in PBS prior to
sonicate for 10 times x 4 seconds at 150 watt. Small particles were confirmed by
dropping the solution of the sonicated antigens on glass slide and covering by cover
slip then examination by microscopy. The protein concentration was then determined
by Bradford assay (Bio-Rad, USA). The vials were then aliquoted and stored at -70 °C
until used as antigens in the assays. Uninfected red blood cells were processed
similarly as above and equal protein concentration as that of the malaria antigens was

stored at -70 °C to be used for the detection of the baseline antibody levels.

Blood/ 3 Plasma/
medium ¢ medium

44— Mature stage

60% Percoll—p

- < Uninfected&
early stage

Before After

Figure 16 Before and after schizont enrichment by 60% Percoll.
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7. Cryopreservation and thawing of malaria infected blood

IRBC were frozen in glycerolyte solution (Baxtor, USA). One ml of pack
iRBC was slowly dropped and shaked with 0.33 ml glycerolyte and waited for 5
minutes at room temperature, then slowly added 1.33 ml of glycerolyte while shaking
continuously. Then aliquot the RBC suspension into 1.8 ml freezing vial and kept at

-70°C for overnight before transferring to liquid N..

The frozen blood vial was immediately thawed at 37°C, the blood was
transferred into a 50 ml tube and 0.2 ml of 12% NaCl solution per 1 ml of blood
(increase volume in proportional to volume of blood) was slowly added and waited for
5 minutes at room temperature, then 10 ml of 1.6% NaCl solution per 1 ml of frozen
blood was quickly dropped and centrifuged at 1190 g 10 minutes to discard the
supernatant. For last washing, 10 ml of 0.9% NaCl solution per 1 ml of frozen blood
was used. IRBC were cultured in McCoy’s SA medium with 25% human serum for
P. vivax and RPMI1640 medium with 10% human serum for P. falciparum., then
growth of parasite was observed daily. The mature stage of parasites was then

enriched as described in antigen preparation methods.

8. Protein concentration

The protein concentration was determined by protein assay based on the
method of Bradford (198). The coomassie Brilliant Blue G250 dye (Bio-Rad, USA)
was prepared as dye reagent by diluting 1 part in 4 parts of distilled water and kept at
room temperature. Protein standard was prepared by using six dilution of bovine
serum albumin (BSA) (Bio-rad, USA) in distilled water consisting of 0.2, 0.4, 0.6, 0.8,
1.0 and 1.4 mg/ml whereas samples solution (sonicated P. vivax, P. falciparum
antigens and normal RBC) were prepared as five dilution; 1:1, 1:5, 1:10, 1:20 and
1:100. Eight hundred pul of each standard and samples solution were separately
transfered into a clean and dry tube and added 200 pl of diluted dye reagent to each
tube and well mixed, incubated at room temperature at least 5 minutes. Absorbance

was measured at 595 nm by spectrophotometer.
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9. ldentification of antibodies against P. vivax and P. falciparum antigen by

enzyme-linked immunosorbent assay (ELISA)

Polystyrene immunoplates (Corning, USA) were coated with 50 ul of
parasites antigen (P. vivax or P. falciparum) or uninfected red blood cells lysate (10
ug/ml) diluted in PBS (pH 7.4) and incubated overnight at 4 °C. Each well was
blocked with 100 pl of blocking buffer (see Appendix B) for 2 hours at room
temperature. Fifty ul of plasma from the acutely P. vivax infected patients, the immune
controls and the healthy controls (1:100 dilution, diluted in PBS) were added into
duplicate wells and incubated for 2 hours at 37 °C. After rinsing the plate for 3 times
with the washing buffer (see Appendix B), 50 ul of horseradish peroxidase conjugated
goat anti-human IgG (Caltag, USA) were added and incubated for 1 hour at room
temperature. After final washings, 50 pl of 2,2’-azino-di-(3-ethylbenzthiaoline
sulfonic acid) containing 50% hydrogen peroxide (Kirkepaard & Perry Laboratories,
USA) were added and incubated for 30-60 minutes in the dark at room temperature.
Enzyme activity was measured by automated microplate reader, Wallac Victor (Perkin
Elmer, Germany) at 405 nm. All values were subtracted with the baseline value

obtained from the reaction with uninfected RBC lysate before performing data analysis.

10. Flow cytometry analysis

Three-color flow cytometric analysis was carried out as follows. For memory
T cells, PBMC (10° cells/vial) were stained with a combination of fluorochrome-
conjugated mAbs: RPE-Cy5 labeled anti-CD4 or RPE-Cy5 labeled anti-CDS8, FITC-
labeled anti-CD45RO and RPE-labeled anti-CD27 (Serotec, UK). For yo T cells,
PBMC were stained with mouse IgG1 anti-human TCR V1 (A13) or TCR Vo2 (BB3)
(kindly provided by Dr. L. Moretta, Centro Di Biotechnologie Avanzate, Genova, Italy)
for 1 hours at 4 °C and washed twice with phosphate buffered saline (PBS). Goat
F(ab’), anti-mouse IgG antibodies conjugated with FITC was used to detect the anti-
TCR antibodies. The CD3 phenotype of these cells was shown by double staining with
RPE-Cy5 labeled anti-CD3 (Serotec, UK) at 4 °C for 30 minutes. The IgG isotype

antibodies were used in parallel to obtain the baseline level. After staining, the PBMC
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were washed twice with PBS and centrifuged at 800 g for 5 minutes. Thereafter, the

pellets were fixed with 500 pl of 4% paraformaldehyde for acquisition and analysis on

FACScan using the CELLQUEST software (Becton Dickinson, USA).

11. Data analysis

All data was analyzed by the SPSS programme (Version 10.0, Chicago,
USA). Parametric analysis (t test for independent samples) was used for comparison
of hematologic data and the level of antibodies between sample groups. The
percentages of T cell phenotypes and the percentages of cell viability were log
transformed. Parametric analysis independent t test was then performed on the
transformed data as follows; The differences of mean percentages of T cell phenotypes
among each following groups i.e. naive controls vs. immune controls, naive controls
vs. acute infection, immune controls vs. acute infection, the fresh vs. cryopreserved
PBMC and the mean percentage of cell viability between frozen by 10% DMSO vs.
Cell Banker® were compared. The differences in mean of values between acute
infection and follow up on day 14, 28 or 60 were analyzed by the paired-samples t test.
The Pearson correlation was used for evaluation of correlation between the levels of
anti-P. vivax and anti-P. falciparum IgG and showed as R-squared value (R?). Data in
the results and tables showed median and interquartile ranges (25th-75th percentile).
The results also showed mean difference (MD), 95% Confident Interval (CI) and P

value. The results were considered significant at P<0.05.
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CHAPTER V
RESULTS

1. Subject information

Information of the recruited donor groups was shown in Table 1. Thirty two
adult males, 20 females with acute P. vivax infection and 40 males, 13 females of the
immune villagers (immune controls) were recruited from the malaria endemic area in
Mae Sot and Mae Kasa. Fifteen adult males and 12 females who had no malaria
experience and never had lived in malaria endemic area were recruited as naive
controls. Most of the recruited cases were Thai (n=96) but a few were immigrants
(n=36). The mean and range of age among the volunteers were similar (mean=32-40,
range=15-77). None of the participants were anaemic. The mean hematocrit (%) of the
immune controls was significantly higher than that seen in the P. vivax patients and
naive controls (P=0.001). The mean number of isolated PBMC from the malaria
patients (3.80 x 10° cells/ml) was lower but not statistically significant to those of the
immune controls (5.86 x 10° cells/ml) and naive controls (4.54 x 10° cells/ml).
History of the last malaria infection (both P. falciparum and P. vivax infection) among
the recruited patients and the immune controls showed the mean duration of 55 and 46
months (range=2-240), respectively. The immune controls had negative parasitaemia
during the blood collection as determined both by microscopy and by PCR analysis

and none of the volunteers was P. falciparum positive.
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2. Optimization of conditions to study the memory T cell phenotypes in P. vivax

infected patients

These studies aimed to determine the best conditions for handling and testing

the memory T cells in the acutely P.vivax infected patients.

2.1 Comparison of T cell phenotypes between fresh and cryopreserved
PBMC

This study aimed to determine whether the cryopreservation and thawing
process have any effect on the level of memory T cell phenotypes. The PBMC from 15
acutely P. vivax infected patients and 10 naive controls were frozen by 10% DMSO
solution and kept in liquid N for 2 weeks. Both of the memory CD4" and CD8" T cell
phenotypes were compared prior cryopreservation and after thawing. The results
showed no significant difference in both memory phenotypes of CD4" and CDS"
between fresh and cryopreserved PBMC tested within the same group of the naive

controls and the acutely P. vivax infected patients (Table 2).

The results also showed both memory phenotypes of CD4" and CD8" T cells
were increased during the acute P. vivax infection as compared to those of the naive

controls testing in both populations of fresh and cryopreserved samples.
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Table 2 The percentage of T cell phenotypes comparing between fresh and
cryopreserved (Cryo) PBMC from the naive controls and the acutely P.

vivax infected patients

Naive controls P. vivax infected patients

Fresh Cryo P.value Fresh Cryo P.value

CD4" 37%%* 47% 0.06 40% 45% 0.28
(34-42)  (36-47) (33-51) (37-53)
CD4'CD45RO" 21% 20% 0.09 24% 27% 0.60
(17-27)  (18-21) (22-25) (25-29)
CD4'CD45RO'CD27"  13% 14% 0.16 28% 22% 0.38
(4-44)  (12-39) (5-40)  (15-32)
CD8" 18% 21% 0.06 24% 22% 0.20
(15-19)  (15-28) (12-26) (18-26)
CD8'CD45RO" 7% 10% 0.06 10% 11% 0.24
(6-8) (5-15) 6-11)  (8-14)
CD8'CD45RO'CD27" 7% 4% 0.23 7% 9% 0.27
(5-9) (2-7) (3-13) (7-12)

* Median (25™-75™ percentile).
2.2 Effects of cryopreservation on viability of the PBMC

This study aimed to investigate the effects of cryopreservation on the
viability of PBMC. The PBMC from 49 acutely P. vivax infected patients, 20 immune
controls and 14 naive controls were frozen similarly by 10% DMSO. The percentage
of cell viability was determined prior to cryopreservation and after thawing during
different periods of storage. Our finding showed significant difference (P<0.001)
between percentage of cell viability before cryopreservation and after thawing of
PBMC from all populations. This was observed when PBMC was kept in liquid N;
more than 5 months. The ratio of percentage reduction was performed by using the
formula shown below. The results showed that significant correlation between the
number of days under freezing period and the ratio of percentage reduction was found
in PBMC in the acutely P. vivax infected patients (P<0.001) and immune controls
(P=0.04). This was not found in those from naive controls (P=0.32). However, low
coreelation coefficient value was found in PBMC from acutely P. vivax infected

patients (R*=0.03) as compared to those from immune controls (R?=0.3) (Figure 17).



Kulachart Jangpatarapongsa Results / 50

Percentage of cell viability before cryopreservation

Ratio of percentage reduction = S :
Percentage of cell viability after thawing

Ration of percentage reduction

5 ; . R>=003
4.5 4 A

o P<0.001
4 4
3.5 | o o
3 - o
2.5 -
2 o
1.5 | @ o 03 T; oo
1] % o e BECEE ©
0.5 -
0 T T T T T T T )
140 160 180 200 220 240 260 280 300

5 - D
45 |B R*=0.3

Al P=0.04
3.5 4 o
3 4
2.5 4 o
2 B
1.5 o 8
1 -
0.5 4

0 T T T T T T T U

140 160 180 200 220 240 260 280 300

1c R’=0.003

=l P=0.32
4.

3.5 4
3 4
2.5 4
2 -
1.5 R
1 4
0.5 -

@0

(=]

0 T T T T T T T 1

140 160 180 200 220 240 260 280 300
Number of days for cryopreservation

Figure 17 The correlation between period of time under freezing period and ratio of
percentage reduction from the acutely P. vivax infected patients (A),

immune controls (B) and naive controls (C).
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2.3 The effect of freezing reagent to the recovery and the viability of
PBMC

This study aimed to determine whether the different freezing reagents could
affect the recovery and viability of PBMC. PBMC from 10 naive controls were frozen
by 2 different freezing reagents; 10% DMSO and the Cell Banker”. Recovery cell
number and the cell viability were compared between those before cryopreservation
and after thawing. The results showed that percentages of the recovery number and the
viability of the PBMC between cryopreserved by 10% DMSO and the Cell Banker”
were not significantly different (P>0.05). Median, interquartile range of recovery cell
number was 88% (85-100) frozen by 10% DMSO and 78% (78-81) by the Cell
Banker”, Viability of the PBMC were 91% (91-94) frozen by 10% DMSO and 90%
(89-92) by the Cell Banker” (Figure 18).
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Figure 18 Percentages of cell recovery number and viability comparing between two
freezing reagents 10% DMSO solution and the Cell Banker”. Data are

shown in median, and bar indicate SD.
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3. Memory T cells

In this study, cryopreserved PBMC were used to determine T cell phenotypes.
No significant differences in the viability of PBMC and mean percentage of both
CD4" and CD8" memory T cell levels between fresh and cryopreseved PBMC were
found (Table 1).

3.1 CD4" memory T cells

As shown in Figure 19A, the median, interquartile range, for the percentage
of CD4" T cells were significantly increased during the acute P.vivax infection (45%,
41-49) as compared to those seen in the naive controls (33%, 28-43) [MD (mean
difference)=0.14, 95%CI (95% confidence interval)=0.05-0.22, P=0.003] and the
immune controls (35%, 31-48) [MD=0.10, 95%CI=0.03-0.17, P=0.008]. After
antimalarial treatment, the percentage of CD4 T cells gradually decreased. The
percentages of CD4" T cells on day 60 post treatment were similar to those seen in the

immune controls (36%, 34-45).

The CD4" memory T cells (Figure 19B) were quantified and the results
showed that the median and interquartile range for percentage of CD4 ' CD45RO" T
cells in the immune controls (24%, 19-29) was significantly higher than that in the
naive controls (12%, 11-26) [MD=0.19, 95%CI=0.02-0.36, P=0.03]. Among the acute
P.vivax infection samples, the percentage of CD4 ' CD45RO" T cells (38%, 22-55),
was significantly higher than that of the naive controls (12%, 11-26) [MD=0.38,
95%CI=0.17-0.58, P=0.001] and the immune controls (24%, 19-29) [MD=0.19,
95%CI1=0.03-0.34, P=0.02]. After antimalarial treatment, the percentage of
CD4'CD45RO" T cells remained high on day 14 (37%, 30-53), and then subsequently
declined and remained stable on days 28 and 60 (21%, 17-57; and 27%, 19-53,

respectively).
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During memory T cell development, the CD27" marker is expressed on the
CD4'CD45RO" T cells, indicating the presence of immature stage memory T cells.
The median and interquatile range, percentage of the immature memory T cells
(CD4"CD45RO'CD27") (Figure 19C) were significantly greater in the patients with
acute infection (30%, 14-52) compared with that of the naive controls (10%, 7-16)
[MD=0.38, 95%CI=0.15-0.60, P=0.002] and the immune controls (13%, 10-17)
[MD=0.31, 95%CI=0.11-0.51, P=0.004]. Among the patients, the level remained high
on day 14 (27%, 21-52) but declined by day 28 (17%, 11-39). The level on day 28 was
still higher than that in the naive controls (10%, 7-16) [MD=0.23, 95%CI=0.01-0.45,
P=0.04].

The proportion of CD4'CD27 T cells (Figure 19D) was not significantly
higher among those with acute infection (28%, 21-42) than those of naive controls
(24%, 17-35) and the immune controls (25%, 16-36). After treatment, the percentage
of mature memory T cells remained high through the study period, 14, 28 and 60 days
(29%, 17-35; 26%, 11-40 and 26%, 14-33, respectively).
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Figure 19 Comparison of CD4" memory T cell phenotype between naive controls

(NC), immune controls (IC), patients with acute P. vivax infection (AC)
and the follow-up on day 14 (D14), 28 (D28) and 60 (D60). A=CD4"
B=CD4'CD45RO", C= CD4'CD45RO'CD27", D=CD4 CD27". Data are

shown in median, interquartile ranges (box plots), maximum and

minimum (upper-lower lines).

3.2 CD8" memory T cells

In contrast to what observed for CD4" T cells, the mean percentage of the

CDS8" T cells during the acute P.vivax infection (20%, 17-27) was not statistically

different to that seen in the naive controls and the immune controls (22%, 15-26 and

20%, 19-23) and remained at similar level on day 14 (16%, 15-22), 28 (20%, 15-21)
and 60 (18%, 17-23) after antimalarial treatment (Figure 20A).

The proportion of CD8" memory T cells (CD8'CD45RO") (Figure 20B) was

significantly higher in the immune controls (23%, 16-30) than in the naive controls
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(10%, 6-16) [MD=0.29, 95%CI=0.12-0.47, P=0.002]. A slightly raised proportion of
CD8'CD45RO" T cells was seen in patients with acute P. vivax infection (26%, 8-61).
However, this was not significantly different from that seen in the immune controls
but different from that seen in the naive controls [MD=0.32, 95%CI=0.01-0.63,
P=0.04]. Treatment of the patients with antimalarial drugs did not reduce the
percentage of CD8'CD45RO" T cells (24%, 7-32) on day 14, and this level remained
level throughout the 60 days follow-up period.

The proportion of immature memory T cells (CD8 CD45RO"'CD27") (Figure
20C) was significantly higher in the immune controls (14%, 8-24) than in the naive
controls (6%, 5-8) [MD=0.37, 95%CI=0.20-0.54, P<0.001]. Acute P. vivax infection
was associated with a higher proportion of this T cell population (17%, 6-66)
[MD=0.43, 95%CI=0.13-0.74, P=0.007], and which remained high after treatment,
and throughout the follow up period (16%, 5-25; 17%, 9-35 and 16%, 12-27 on days
14, 28 and 60, respectively).

The proportion of mature memory T cell (CDS8'CD27") (Figure 20D)
population (8%, 5-20) was not significantly different from that seen in the immune
controls (7%, 6-14) and naive controls (8%, 5-19). Antimalarial treatment did not
affect the level of this T cell population (9%, 6-34; 7%, 4-27 and 15%, 5-28 on days
14, 28 and 60, respectively).



Kulachart Jangpatarapongsa Results / 56
A B
80 804
+° T
14
+ o
860 3 1
O o
‘S ©
.S._ a0 S T
- il
_J_ el | [ ] J_
. =1l T
AC D14 D28 D60 NC IC AC D14 D28 D60
100
c D

™ @ =)
= = =

% of CD8*CD45RO'CD27*

0

>
REE

—_ v AN

% of CD8*CD27"

[%]
=

@
=

.
=

S

5,

_J_

e

NC

IC AC D14 D28 D60

i
0

Ic

AC

D14 D28 D60

Figure 20 Comparison of CD8" memory T cell phenotype between naive controls

4. Gamma delta T cell receptor (yd TCR)

(NC), immune controls (IC), patients with acute P. vivax infection (AC)
and the follow-up on day 14 (DI14), 28 (D28) and 60 (D28).
A=CD8'CD45RO", B= CD8'CD45RO'CD27", C=CD8'CD27". Data are

shown in median, interquartile ranges (box plots), maximum and minimum

(upper-lower lines).

Analysis of the percentage of yd T cells showed that the median, interquartile

range, for the percentage of CD3'81" was significantly higher in the acute infection

sample (3%, 2-4) compared with the naive controls (1%, 0.6-2) [MD=0.36,

95%CI=0.11-0.61, P=0.007]. However, no difference was observed when the acute

infection group was compared with the immune controls (2%, 1-4) (Figure 21).
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Similarly, the percentage of the CD3"82" population was significantly higher
in the acute P. vivax infection group (8%, 5-11) compared with the naive controls (2%,
1-3) [MD=0.61, 95%CI=0.42-0.80, P<0.001], and the immune controls (4%, 2-6)
[MD=0.30, 95%CI=0.10-0.49, P=0.004]. Moreover, the proportion of CD3"82" T cells
was higher during the first week post treatment (13%, 1-16) and declined by day 14
follow-up (6%, 4-13).
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Figure 21 Comparison of the percentage of each phenotype of yd T cell consisting of
CD3.81 T cell (A), CD3782 T cell (B) between the naive controls (NC),
immune controls (IC), acute P. vivax infection (AC), the follow-up on day
7 (D7) and 14 (D14) after treatment. Data are shown in median,
interquartile ranges (box plots), maximum and minimum (upper-lower

lines).

5. Appearance of CD3"82" memory T cells

To determine whether the CD3782" T cells present during acute P. vivax
infection were of the memory T cell phenotype, we quantified the T cells co-
expressing CD3'82", CD45RO" and CD27" markers by flow cytometry. All of the
CD3'82" T cells co-expressed the memory T cell markers (CD45RO" and CD27")
(Table 3). Co-expression of the molecules was demonstrated in all studied groups,
naive controls, immune controls and acute P. vivax patients. Based on the data

published (199), the racial difference in the percentage of Y962 T cells, we estimated
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the frequency using material from five malaria naive controls. The data showed that
the proportion of CD3"82" was lower than those exposed to malaria [MD=0.60,
95%CI1=0.32-0.90, P<0.001].

Table 3 Percentages of co-expression between CD3'82" T cell and CD45RO" and

CD27"
CD3" CD3" CD3"82" CD3" CD3"
CD45RO" CD27" CD45RO'82"  CD27°82°
AC 52 (43-57)* 17 (13-20) 11(11-22) 11 (2-11) 11 (11-22)
IC  33(24-39) 7(3-11)  5(2-11) 6 (2-10) 5(2-9)
NC 31(30-42)  4(2-6) 3 (2-5) 2 (1-5) 3 (2-5)

* Median (25™-75™ percentile).

AC= Acute P. vivax infection, IC=Immune controls, and NC=Naive controls.

6. Anti-P. vivax 1gG antibody

Anti-P. vivax antibody levels were very low in the acutely P.vivax infected
patients with a median OD, and interquartile range, of 0.11, 0.07-0.17. However, the
levels were significantly higher than in the naive controls (0.02, 0.01-0.05) [MD=0.10,
95%CI=0.006-0.13, P<0.001] and the immune controls (0.06, 0.04-0.10) [MD=0.05,
95%CI1=0.03-0.08, P<0.001]. Anti-P. vivax antibody levels were higher and
maintained up to two months post treatment (0.11, 0.07-0.18 on day 7 and 0.09, 0.08-
0.14 on day 60). Interestingly, some (< 6%) P. vivax infected patients showed high

levels of antibody to P. vivax antigen (Figure 22).
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Figure 22 Absorbance (405 nm) value of IgG antibody reacting with P. vivax antigens
in the naive controls (NC), immune controls (IC), acute P. vivax infection
(AC) and the follow up on day 7 (D7) and 60 (D60). Data are shown in
median, interquartile ranges (box plots), maximum and minimum (upper-

lower lines).

7. Cross reactivity between P. vivax and P. falciparum antigens

IgG antibody reacting with P. falciparum antigens was also determined in the
immune controls and the acutely P. vivax infected patients in the similar experimental
conditions as for testing with P. vivax antigens. Antibody levels to the crude of
P. falciparum antigens showed a median OD, and interquartile range, of 0.18, 0.09-
0.10 in the immune controls, and 0.36, 0.16-0.56 in acutely P. vivax infected patients.
These levels were significantly higher than that obtained from testing with the P. vivax
antigens [MD=0.16, 95%CI=0.12-0.21, P<0.01 for the immune controls, and
MD=0.21, 95%CI=0.12-0.30, P<0.01 for the acutely P. vivax infected patients,
respectively) (Figure 23).
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The anti-P. falciparum antibody was significantly higher in the acute P. vivax
infection than those of the imune controls [MD=0.13, 95%CI=0.04-0.23, P=0.005] and
in the naive controls [MD=0.32, 95%CI=0.22-0.43, P<0.01]. In addition, this level
was maintained after first week post treatment (0.30, 0.17-0.52 at day 7), but slightly
decreased on day 60 (0.20, 0.14-0.51) (Figure 23).

A significant correlation between anti-P. vivax and anti-P. falciparum IgG
were found in both the immune controls and the P. vivax infected patients (R*=0.2,

P<0.001 and R?=0.3, P=0.01) (Figure 24).
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Figure 23 Absorbance (405 nm) value of IgG antibody reacting with P. falciparum

antigens in the naive controls (NC), immune controls (IC), acute P. vivax
infection (AC) and the follow up on day 7 (D7) and 60 (D60). Data are
shown in median, interquartile ranges (box plots), maximum and minimum

(upper-lower lines).
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of the immune controls (A), and the acutely P. vivax infected patients (B).
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CHAPTER VI
DISCUSSION

The number of recruited male and female P. vivax infected patients in this
study were equal. Other species or mixed infection were checked by PCR and
excluded from the study. All patients had fever although a few parasites were found in
the blood. The mean number of PBMC from the P. vivax infected patients was not
suppressed, but slightly higher than those of the naive and the immune controls. This
suggested that P. vivax would modulate the cell-mediated immunity differently from
that would P. falciparum. It is interesting to explore how long immunity against
P. vivax will last, i.e. how long memory T cells persist in the blood circulation or in
the secondary lymphoid organs.

Effects of cryopreservation on different T cell phenotypes

The method of cryopreservation has been used for collection of the samples
in the fields (200, 201). However, the effect of cryopreservation and thawing process
on different T cell phenotypes is controversial. Recent report has shown the loss of B
cells (CD19%), CD4" and CD8" T cell subsets in the cryopreserved lymphocytes from
human immunodeficiency virus type 1 (HIV-1) infection (201). Our results showed a
nonsignificantly increased in the percentages of CD4", CD8" memory T cell from the

acutely P. vivax infected patients and naive controls.

However, between fresh and cryopreserved cells, the results showed memory
phenotypes of CD4" and CD8" T cells were increased during acute P. vivax infection
as compared to those of naive controls, indicating that the cryopreservation can be

used in the study of memory T cells of P. vivax infection.
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Our findings showed a correlation between long term cryopresevation and the
reduction of percentage ratio of PBMC viability in P. vivax infected patients and the
immune controls, but not in the naive controls. This showed that cells from the acutely
P. vivax-infected patients and the immune controls were less durable to
cryopreservation than those of the naive controls. Therefore, the study requires storage
of cells for further investigations should aware of this cell loss and in particular the
loss of specific cell phenotype important for the study.

Memory T cells

Our findings showed that the proportion of CD4" T cells was high during
acute P. vivax infection. This is in contrast with what usually seen during
P. falciparum infections, where parasite-specific immune responses have been
suppressed (202). In our study, CD4" T cells were activated during acute infection,
and differentiated from naive to memory T cells (CD4"'CD45RQ"). The high levels of
immature and mature memory T cells during acute infection, suggested that memory T
cells were not suppressed by the parasites. The reason why the acutely infected
patients had such high levels of memory T cells might be due to the previous
exposures to parasite (if not continuous exposure in case of hypnozoite existence).

In our study there was no statistically significant increase in the percentage
of total CD8" T cells in patients acutely infected with P. vivax, but there was an
increased expression of the memory CD8" T cells population. This indicates that
although total CD8" T cells were not expanding, a small proportion could be activated
during an acute infection. This is in contrast to a study (203) conducted in
P. falciparum, where there is an increase in the numbers of CD8" T cells, probably
both cytotoxic and suppressor types. A recent study has shown a significantly lower
percentage of CD8" T cells during acute P. falciparum infection as compared with
acute P. vivax infections (204). Therefore, it is likely that P. vivax induces less
immune suppression than P. falciparum. In our study, the total numbers of CD8" T
cells was not increased. However, the fact that the expression of memory subsets of

CD8" T cells was increased during the acute infection, suggesting that cytotoxic
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memory T cells were activated by the parasite. Alternatively, memory CD8" T cell
responses could be influenced by an earlier exposure to the liver stage antigens or by
cross-presentation of blood stage antigens. CD8" T cells may control liver stages and
blood stages of the parasites by secretion of cytokines. However, cytolytic CD8"
T cells only play a role in protection against the liver stages where they directly
destroy the infected cells (205).

A recent study has shown that CD4" T cells are essential for the
differentiation of CD8" memory T cells (206). This is supported by the finding (207)
that TH cells play a role in the differentiation and expansion of memory CD8" T cells.
These findings are consistent with our data showing induction of both memory CD4"

and CD8" T cells during acute P. vivax infection.

In this study, memory T cells were readily detectable in the immune controls.
This is most likely due to frequent exposure to P. vivax parasites at either the blood

stage or liver stage, hypnozoite.

vd T cells

The number of y6 T cells increases after primary P. falciparum infection
(208). Similarly, this finding showed a significant increase of 62 T cells in the patients
with acute P. vivax infection and persisted until day 7 after treatment. The 62 T cells
from the immune controls were of the memory phenotype, indicating that they could
be maintained. This finding is of importance as a recent study (209) showing that the
memory CD45RA CD27" phenotype generally co-expresses 952 in peripheral blood.
This increase was related to the malaria infection, and those not previously exposed to

malaria had lower proportions of 62 T cells.

Antibody mediated immune responses against malaria infection

In this study, the levels of anti-P. vivax antibodies were low among the

immune controls and in the acutely infected patients. Although the ELISA for
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detection of the anti-P. vivax antibody was not standardized, the antibody level was far
higher in the P. vivax exposed than in the naive controls indicating a specific
activation of the B lymphocytes. This is in line with a previous report showing a
significant increase of anti-P.vivax 1gG levels in semi-immune children with the

highest level on day 7 following acute infection (125).

Our results showed that P. vivax infected patients had elevated levels of both
anti-P. vivax and P. falciparum antibodies. Whether this is due to the cross reactivity

between P. vivax and P. falciparum antigens or not requires further investigation.

The activation of DC maturation by P. vivax

A preliminary study performed at the Department of Immunology, The
Wenner-Gren Institute, Stockholm University, Sweden (Appendix C) aimed to
determine the mechanism of activation of monocyte-derived DC by malaria antigens
in vitro. The results obtained from using either P. falciparum or P. vivax parasite
lysates up-regulated both DC maturation markers and the TLR4 expression. The
results also showed that P. falciparum-derived hemozoin could modulate immune

responses via regulating the maturation of DC.

This study suggested that malaria antigens-DC interaction during acute
infection up-regulating DC maturation through TLR4 may be one of the cell-mediated
immunity mechanisms. However, the mechanisms of activation need further

investigations (see Appendix C for more details and discussion).

Taken together, our findings suggest that the high levels of the memory T
cells during acute P. vivax infection consist of memory cells having different effector
functions. The function of these memory T cells during acute infection could be either
cytotoxicity or regulating antibody response against P. vivax parasites. We
hypothesize that the increased levels of both memory subsets of CD8" T cells may
control parasitaemia during acute infection through an influence of P. vivax-specific

antibody responses rather than cytotoxicity. In addition, the activation of DC
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maturation by P. vivax may be one of the mechanisms which stimulate both innate and
adaptive immunity especially the recruitment of P. vivax-specific memory cells, and
P. vivax-specific antibody. Finally, the mechanisms of memory cells (innate and
adaptive immunity) induction through DC activation in controlling P. vivax parasites

(liver stage and blood stages) awaited further investigation.
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CHAPTER VII
CONCLUSION

The main objective of this work was to characterize the profiles of memory T
cells in the patients during acute and convalescent P. vivax infection, and also in

immune controls living in the same malaria endemic area.

Our preliminary study for determination of the best conditions for the handling
and testing the memory T cells in the acutely P. vivax infection showed that there was
no effect of cryopreservation in the levels of memory T cell phenotypes. However, the
viability of PBMC cells from the acutely P. vivax infected patients and the immune
controls are susceptible to cryopreservation than naive controls, if PBMC was

cryopreserved for a long time period.

Our results showed that upon acute infection, the memory T cells were
induced and therefore the levels of both immature and mature memory T cells were
high during the acute P. vivax infection. These cells were well maintained in the

convalescent state as well as in the immune controls.

Phenotypic characterization of the peripheral lymphocytes during acute
infection revealed that a large fraction of the T cells carried the y5 phenotypes,

suggesting a role for these cells in the early response against P. vivax parasite.

Very low levels of P. vivax specific antibody were found among the patients
and immune villagers. This suggests that cell-mediated immunity may play a greater
role in the development of naturally acquired protection against P.vivax infection than

the humoral immunity.
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The activation of DC by P. vivax antigens in vitro resulted in the up-
regulation of DC maturation and expression of the TLR4. This study provided a

possible mechanism whereby P. vivax activates DC maturation through the TLRA4.

Our findings showed that the level of memory T cells is high but not the
level of P. vivax specific antibody during acute P. vivax infection. Therefore, memory
T cells, particularly the CD8 phenotypes and the yd T cells, could play significant roles

in the development of cell-mediated immunity against P. vivax infection.
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APPENDIX B

CULTURE MEDIA AND REAGENTS

1. Culture media

1.1 RPMI 1640 medium

RPMI 1640 powder medium 10.42 g/l consisted of

Salts:
Ca (HCOs3),.4H,0 100.00 mg
KCI 400.00 mg
MgSQ, (anhydrous) 48.00 mg
NaCl 6.00 g
Na;HPO, (anhydrous) 800.00 mg
D-glucose 2.00 g
Glutathione (reduced) 1.00 mg
Phenol red 5.00 mg
Essential amino acids, vitamin and traces elements
HEPES 5.96 g
(N-2-Hydroxyethylpiperazine-n-2ethaesulphonic acid)
NaHCO; 2.00 g
D-glucose 1.80 g
Gentamycin 40.00 mg
Distilled water 975.00 ml

(For 10X RPMI11640 medium, distilled water was used only 100 ml)
Sterile by 0.45 um membrane filtration and keep at 4°C

1.2 Malaria culture medium (MCM) for P. falciparum
RPMI 1640 90.00 ml

Heat inactivated human serum 10.00 ml
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1.3 McCoy’s 5A medium

McCoy’s powder medium 12.0 g/l consisted of

Salts:
CaCl,.2H,0 132.43 mg
KCI 400.00 mg
MgSQO, (anhydrous) 97.68 mg
NaCl 6.46 ¢
Na2HPO, (anhydrous) 504.00 mg
Other components:
D-glucose 3.00 g
Glutathione (reduced) 0.5 mg
Phenol red 11.00 mg
Essential amino acids, vitamin and traces elements
HEPES 5.96 g
(N-2-Hydroxyethylpiperazine-n-2ethaesulphonic acid)
NaHCO; 2.00 g
D-glucose 1.80 g
Gentamycin 40.00 mg
Distilled water 975.00 ml

Sterile by 0.45 um membrane filtration and keep at 4°C

1.4 Malaria culture medium (MCM) for P. vivax
McCoy’s medium 75.00 ml

Heat inactivated human serum (AB) 25.00 ml

1.5 PBMC culture medium
RPMI 1640 medium 90.00 ml
Heat inactivated fetal calf serum 10.00 ml
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2. Reagents

2.1 Lymphoprep™ solution

Sodium Ditrizoate 9.1% (w/v)
Polysaccharide 5.7% (w/v)
Physical-chemical characristics:

Density 1.077 £0.001 g/ml
Osmolality 290 £+ 15 mOsm

Store at or below 20°C and protect from light

2.2 60% Percoll

Percoll 60 ml
10X RPMI-1640 7 ml
RPMI -1640 33 ml

2.3 Reagents for ELISA
2.3.1 10X PBS,pH 7.4

NaCl 80 g
KH,PO, 2 g
(or NaH,PO,4 39 gm)

Na;HPO,4 115 ¢
KCI 2 g
Distilled Water 1 1

Adjusted to pH 7.4 by NaOH or HCI and kept in 4 °C

2.3.2 0.5% Boiled casein

Casein 5 ¢
0.1 N NaOH 100 ml
Thimerozol or Mercaptoethanol 01 ¢
Phenol red 0.02 g

1XPBS 900 ml
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boil until casein was melted and slowly add 1XPBS until warm, adjust to pH
7.4 by HCI and add Thimerozol or Mercaptoethanol and Phenol red

2.3.3 Washing solution
1XPBS 1 1
0.05% Tween-20 0.5 mil

2.3.4 Blocking buffer
0.5% boiled casein 100 ml
0.05% Tween-20 100
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Abstract

Malaria is a common and serious tropical disease caused by a protozoan
parasite. Each year, there are hundreds of millions of cases of this disease reported
worldwide. Estimation of the mortality from malaria ranges from one to three million
deaths per year. Host immunity against the malaria parasites is regulated by both the
innate and acquired immune system. Dendritic cells are potent antigen-presenting cells
which can activate both the innate and the adaptive immune system. Recent studies
have shown that malaria parasites and hemozoin can up-regulate dendritic cell
maturation through the Toll like receptor 9 in both in vivo and in vitro murine models.
However, whether the blood stage of human malaria parasites can activate dendritic
cells through Toll like receptors is still not known. The aim of this study was therefore
to determine the mechanisms by which monocyte derived dendritic cells are activated
by malaria antigens with special emphasis on purified hemozoin. The results revealed
that hemozoin enhanced the up-regulation of dendritic cell maturation markers. The
activation of dendritic cells by hemozoin resulted in the up-regulation of the TLR4
expression. Taken together, our study provided one mechanism whereby malaria

derived hemozoin can activate dendritic cells through TLRA4.
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ml
ng

ng
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Full name

Antigen presenting cell

Cluster of differentiation
Cytoplasm

Dendritic cell

Deoxyribonucleic acid

et alii

Fluorescent-activated cell sorter
Fetal calf serum

Fluorescein isothiocyanate

gram
Glycosylphosphatidylinositol
Granulocyte-macrophage colony-stimulating factor
Hemozoin

Intercellular adhesion molecule-1
immature dendritic cell
Interferon-y

Immunogobulin

Interleukin

infected red blood cell
Leucine-rich repeat

Lysate antigen

mature dendritic cell

Major histocompatibility complex
milliliter

microgram

nanogram

normal red blood cell

Nucleous
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P. falciparum
P. malariae
P. vivax

P. ovale
PAMP
PeSt
PBMC

PBS

PE

PRR

RBC

SD

SDS

TIR
TLR
TNF-a

ul

°C
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Plasmodium falciparum
Plasmodium malariae
Plasmodium vivax

Plasmodium ovale
Pathogen-associated molecular pattern
Penicillin-Streptavidin

Peripheral blood mononuclear cell
Phosphate buffered saline
Phycoerythrin

Pattern recognition receptor

Red blood cell

Standard deviation

Sodium dodecyl sulfate

Unit

Toll/IL-1 receptor

Toll like receptor

Tumor necrosis factor-o
microliter

micromolar

degree celcius



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Medical Technology) / 113

1. Introduction

Malaria is a common and serious tropical disease causing approximately 2
million deaths per year (1). In humans, the disease is caused by one of the four species
of Plasmodium consisting of P.falciparum, P.vivax, P.ovale and P.malariae. Among
the four species of the malaria parasite, P. falciparum and P. vivax are the most
prevalence in the world today. Of these two species, P. falciparum is the most fatal.
The prevalence of resistance to antimalarial drugs to this parasite has been found
around the world. In contrast to P. falciparum, P. vivax causes relapsing infection, that
can last from months to years (2). During this decade, P. vivax is the most prevalent
malaria species in Thailand and its surroundings. Recently, the emergence of
antimalarial drug resistance in South East Asia has been reported (3).

Malaria infection is regulated by both the innate and acquired immune system
in the vertebrate host. Dendritic cells (DCs) are potent antigen-presenting cells that
play a central role in both innate and adaptive immune responses, because of their
unique ability to take up, and process antigens and to activate both naive and memory
T cells (4). Evidence that malaria parasites interact with DC to control the immune
system is limited and controversial. In vitro studies have shown that P. falciparum-
infected erythrocytes bind to CD36 on the surface of human peripheral blood derived
DC and thereby inhibit the up-regulation of the expression of MHC class Il molecules,
the intracellular adhesion molecules 1 (ICAM-1), CD40, CD80, CD83 and CD86 (5).
In contrast, studies in P. yoelli and P. chabaudi chabaudi AS models have shown that
DC maturation and activation are not inhibited by in vitro or in vivo exposure to blood
stage parasites (6, 7). One other study has found that purified hemozoin from P.
falciparum induces DC maturation, as evidenced by the up-regulation of co-
stimulatory molecules and a marked increase in IL-12 production (8). This study
contrasts with a recent study which has shown that hemozoin inhibits the
differentiation and maturation of DC (9). Therefore, the mechanisms whereby DCs are
activated seem to vary and are still controversial.

Toll like receptors (TLRs) are a major class of PRR (pattern-recognition
receptors) that have unique and essential functions in vertebrate immunity. TLRs
comprise a family of type | transmembrane receptors, which consist of at least 11
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members. TLR are characterized by an extracellular leucine-rich repeat (LRR) domain
and an intracellular Toll-I/IL-1 receptor (TIR) domain. TLRs have a role in activating
innate immunity and modulating adaptive immune responses to pathogen-associated
molecular patterns (PAMPS) including microbial pathogens, virulent factors and
intracellular protozoan parasites (10, 11). The activation of TLR leads to the induction
of effector genes which act to control the innate immune response against bacterial and
viral infection (12).

A recent study has shown a role for TLR in malaria infection. This study
showed that the blood stages of P. falciparum can activate human plasmacytoid DC
and murine DC through a TLR9 dependent mechanism (13). Another study, in a
murine experimental malaria model has shown that P. falciparum hemozoin can
activate the innate immune response through TLR9 both in vivo and in vitro. This
activation resulted in production of cytokines, chemokines and up-regulation of
costimulatory molecules on dendritic cells (14). However, a possible mechanism for
induction of immune response by activation of DC through TLR by human malaria

blood stage parasites is still not investigated.

The aim of the study

To determine the mechanisms of activation of monocyte derived DC by

malaria antigens with special emphasis on purified hemozoin.
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2. Materials and methods

2.1 Preparation of human peripheral blood mononuclear cells (PBMC)

Sixty ml of buffy coat from each sample were taken from healthy donors from
the Karolinska Blood bank. Buffy coat was mixed with an equal volume of Tris-
Hank’s. The diluted blood was carefully over-layered on Ficoll-paque™ (Amersham,
Uppsala, Sweden) and PBMC were separated by gradient centrifugation according to
the manufacturer’s recommendation. PBMC were collected from the interface between
the plasma/medium and the Ficoll-paque solution, and the PBMC were washed twice
with Tris-Hank’s at 800g for 10 min. The PBMC pellet was finally resuspended in
RPMI1640 containing 10% heat-inactivated fetal calf serum (FCS) (GIBCO, Carlsad,
USA), 1% glutamine and 1% penicillin-streptavidin (PeSt) (RPMI1640 complete
medium). The viability of PBMC was determined by trypan blue exclusion and the

number of cells was counted in a hematocytometer.

2.2 Preparation of human monocytes derived immature DC (iDC)

The PBMC pellet collected after the Ficoll-paque™ centrifugation was finally
resuspended to 10" cells/ml and cultured in RPMI1640 complete medium for 2-3 hours
in 6-well plates (Costar, Cambridge, USA). The non-adherent cells were removed and
the adherent cells were cultured for an additional 5-7 days in RPMI1640 complete
medium supplemented with 1000 U/ml of IL-4 (50 ng/ml) (R&D systems, Ablington,
UK) and 50 ng/ml of GM-CSF (R&D systems, Ablington, UK). The media was
changed at day 3. At day 7, immature DCs (iDCs) were activated with 50 ng/ml of
TNF-a. (R&D systems, Ablington, UK) to mature the DC and then cultured with or

without antigens to determine the antigen-induced activation.

2.3 Parasite cultures and antigen preparation

P. falciparum (F32 strain) was cultured at 5% hematocrit in RPMI11640
medium supplemented with 10% human AB serum. Parasites were maintained in a
candle jar and incubated at 37°C. Maturation of parasites was examined by acridine

orange staining.
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P. falciparum parasites cultured to mature stages, were used for preparing
malaria antigens. Briefly, the mature parasites were enriched by 60% Percoll®
(Pharmacia, Uppsala, Sweden) gradient centrifugation. The purity of mature parasite
enrichment was more than 90%.

P. vivax was obtained from the Department of Pathobiology, Faculty of
Science, Mahidol University, Bangkok, Thailand.

Both of the P. falciparum and P. vivax antigens were sonicated for 40 seconds
in an ultrasonic sonicator at 150 watt. The protein concentration was determined by
Bradford assay (Bio-Rad, Hercules, USA) and the protein was stored at -20°C until

used.

2.4 Hemozoin purification

Hemozoin was purified from crude late stage cultures of P. falciparum. Briefly,
crude extracts of P. falciparum was run through a LS magnetic column (Miltenyi,
Gladbach, Germany), the eluted hemozoin was collected and washed seven to eight
times with 2% sodium dodecyl sulfate (SDS). Glycosylphosphatidylinositol (GPI) and
lipids were removed by chloroform-methanol-water (10:10:3) and chloroform-
methanol (2:1) extraction (15). The extracted proteins were transferred into a solution
of 10 mM Tris-HCI, 0.5% SDS, and 1 mM CaCl, containing 2 mg of proteinase K per
ml and then incubated at 37 °C overnight. The pellet was then washed three time in 2%
SDS and incubated in 6 M urea for 3 hours on a shaker at room temperature, then
washed three to five in 2% SDS and then once in distilled water. The hemozoin was
sonicated again before quantitated (8). The hemozoin concentration was determined by
solublizing of hemozoin polymers into monomeric heme. To do this, the hemozoin
was incubated in 1 ml of 20 mM of NaOH - 2% SDS solution for 2 hours before the
heme content was determined by absorbance at 400 nm. The molarity extinction
coefficient at 400 nm is 1 x 10° as described by Sullivan et al (16). The hemozoin was
stored at -20 °C until used.

2.5 Co-culturing of DC with activator and malaria antigens
At day 7 of DC culturing, the iDC were harvested, counted with trypan blue

and diluted to 10° cells/ml. Cells were then co-cultured with a non specific stimulator
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or antigens for 2-3 days as followed; 10" cells of normal RBC (nRBC) (iDC:nRBC,
1:10 as a negative control), 50 ng/ml of TNF-o to mature the DC according to the
study reported by Romani N et al (a positive control) (17), 10 infected red blood cells
(iDC:intact parasites, 1:10), 10 ug to 50 ug of P. falciparum or P. vivax crude antigens,
or 15 uM to 75 uM of purified P. falciparum derived hemozoin. Twenty hours later,
50 ng/ml of TNF-a were added to the cultures to determine the inhibition of DC

maturation.

2.6 Flow cytometry analysis

Before and after co-culturing of DC with the activator or antigens as mentioned
above, 10° cells were harvested and directly stained with a combination of
fluorochrome-conjugated mAbs as followed; FITC-labeled anti-CD1a and PE-labeled
anti-CD14, FITC labeled anti-CD83 (maturation marker) and PE-labeled anti-CD86
(co-stimulatory molecule of DC), FITC- labeled anti-TLR4 and PE- labeled anti-TLR2
(Becton Dickinson, San Diego, USA) for 30 minutes at 4 ° C and washed twice with
PBS.

Intracellular staining of TLR9 was performed with PE-labeled anti-TLR9
(Nordic Biosite AB, Téaby, Sweden) in 200 pl of permeabilizing buffer [1% Bovine
serum albumin (Roche Diagnostics, Indianapolis, USA), 0.02% NaN3, 0.1% Saponin]
for 30 minutes at 4 °C. The stained cells were analyzed by FACScalibur with Cellquest
software (Becton Dickinson, San Diego, USA).

2.7 Data analysis

All data were analysed using the SPSS programme (Version 10.0, Chicago,
USA). Nonparametric analysis for two independent samples (Mann-Whitney Test)
was used for comparison between groups. The results were considered statistically
significant at P<0.05. All data are shown as bar graphs and the data are one
representative out of five experiments. The upper line shows the standard deviation
(SD).
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3. Results

3.1 Purification of DC from the culture

Immature human myeloid DCs were obtained from monocytes cultured for 7
days with human GM-CSF and IL-4 in RPMI1640 complete medium containing 10%
FCS. Following the method for DC enrichment reported by Romani et al (18), we
could show that 40-80% of IDC can be enriched from human peripheral blood
mononuclear cells. However, by increasing the amount of the cytokines (800 U/ml of
GM-CSF and 500 U/ml of IL-4), the results improved. As can be seen from the results
of the FACS analysis, ~90% (88.7%, Figure 1A) of the cells expressed CD1a, 3.7%
expressed CD83 (Figure 1B) and that the contamination of CD14 expressing
monocytes was lower than 1% (0.6%, Figure 1C). Therefore we used this protocol for

all of five experiments.

0.60%

Figure 1. The FACS analysis showed the scatter plot of iDC markers on day 7
cultured DCs with GM-CSF and IL-4 in RPMI11640 complete medium containing
10% FCS, (A) the percentage of CD1a expression, (B) the percentage of CD83 and
(C) the percentage of monocyte maker CD14, respectively. The data are shown as

one representative out of five experiments.
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3.2 Intact schizont of P. falciparum can inhibit TNF-a induced DC surface
markers

iDCs were activated with TNF-a to mature the DCs. Intact schizonts of P.
falciparum were co-cultured with iDCs at ratio 10:1 and nRBC was used as baseline
control (5). As can be seen in Figure 2, intact schizonts up-regulated the expression of
CD1la and CD83 surface markers (CD1a and CD83, 44 and 41%, respectively). This
increase was statistically significantly higher than when DCs were co-cultured with
NRBC alone (CD1a and CD83, 1.6 and 1.4%, respectively) (P=0.03).

When iDCs were co-cultured with intact of P. falciparum schizonts for 20
hours prior to the addition of TNF-a., the results revealed that intact schizont inhibited
the induction of maturation by TNF-a (CD1a from 55% to 47% and for CD83 from
60% to 55%, respectively). However the difference was not statistically significantly
different. For nRBC, there was no induction of either CD1a or CD83.
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Figure 2. The percentage of CD1a (A) and CD83 (B) expression on DCs activated
by nRBC, TNF-a, intact P. falciparum schizont or intact P. falciparum schizont plus
TNF-a. The data are shown as one representative out of five experiments. The upper

line shows the SD of value.
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3.3 Hemozoin up-regulates the DC differentiation markers

iDCs were co-cultured with 15 or 75 uM of purified P. falciparum derived
hemozoin or 10 or 50 pg/ml of parasites lysate. The results displayed in Figure 3
showed that both the hemozoin (Figure 3A) and parasites lysate (Figure 3B) enhanced
the surface expression of CDla (73 and 70%, respectively) compared to DCs co-
cultured with nRBC alone (37%) which was statistically significantly different
(P=0.01 and P=0.03, respectively).

The results in Figure 3A also showed that the CD1la expression was not
statistically significantly different between DCs co-cultured with 15 or 75 uM of
purified P. falciparum derived hemozoin (73 and 69%, respectively). Therefore, to
save material, we have chosen 15 uM of P. falciparum derived hemozoin for DC
activation in the studies.

When the iDCs were incubated with 15 uM of hemozoin for 20 hours prior to
the addition of TNF-a, the results revealed that hemozoin can inhibited the CDla
expression from 62 to 48%. However, this was not statistically significantly different.

The results in Figure 3B showed that the percentage of CD1a expression was
not statistically significantly different compared to iDCs co-cultured with 10 pug/ml or
50 ug/ml of lysate parasites (70 and 72%, respectively). Therefore, to save material,
we have chosen 10 pg/ml of the parasite lysate in the DC activation studies.

When the iDCs were incubated with the parasite lysate for 20 hours prior to the
addition of TNF-a., the results revealed that the CD1a expression on DCs from both
activated with 10 or 50 ug/ml of the parasite lysates was 59 and 67%, respectively.
There levels were high and close to those seen after activation by TNF-o alone (62%)
(P>0.05) (Figure 3B).
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Figure 3. The percentage of CD1a expression on DCs activated with nRBC alone,
TNF-a alone, 15 or 75 uM of P. falciparum derived hemozoin (A), 10 or 50 ug/ml of
the parasite lysate (B) with or without TNF-o. The data are shown as one

representative out of five experiments. The upper line shows the SD of value.
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3.4 Hemozoin up-regulates the DC surface markers CD1la, CD83 and CD86

The percentage of CDla, CD83 (DC maturation makers) and CD86 (co-
stimulatory molecule) is shown in Figure 4A, B and C, respectively. The results
showed that hemozoin enhanced the up-regulation of CD1a, CD83 and CD86 surface
markers (73, 55 and 49%, respectively) which was statistically significantly higher as
compared to DC’s activated with nRBC alone (37, 1.4 and 2.2%, respectively) (All are
P=0.01).

When the iDCs were incubated with hemozoin for 20 hours prior to the
addition of TNF-a, the results revealed that the expression of CDla (48%) was not
different from cultures activated by TNF-a (62%) or hemozoin alone (73%). In
addition, the expression of both CD83 and CD86 (62 and 81%, respectively) was high
and close to those seen after activation with TNF-a alone (60 and 82%, respectively)
(All are P>0.05).

The percentage of CD1a, CD83 and CD86 showed that the parasites lysate also
enhanced the up-regulation of all of DC surface markers (CD1a, CD83 and CD86, 70,
39 and 63%, respectively). This was statistically significantly different as compared to
DCs activated with nRBC alone (CDla, CD83 and CD86, 37, 1.4 and 2.2%,
respectively) (All are P=0.03). In addition, when iDCs were co-cultured with parasite
lysate prior to addition of TNF-a, the results showed that all DC surface markers were
high (CD1a, CD83 and CD86 was 59, 54 and 78%, respectively) and close to those of
after activation with TNF-o. alone (CDla, CD83 and CD86, 62, 60 and 82%,

respectively).
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Figure 4. The percentage of CD1a (A) and CD83 (B) and CD86 (C) expression in
DC activation by nRBC alone, TNF-a alone, 15 mM of P. falciparum hemozoin or 10
ug/ml lysate parasites with or without TNF-a.. The data are shown one representative

of five experiments. The upper line shows the SD of value.
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3.5 Hemozoin up-regulates the expression of TLR4 on the DC

iDCs were activated with 15 uM of P. falciparum hemozoin or parasites lysate
for 20 hours before the addition of TNF-o.. As can be seen in Figure 5A and B, the
percentages of TLR2 and 9 when DCs were activated by hemozoin alone, were 1 and
0.06%, respectively. When DCs were activated by the parasite lysate, the percentages
of TLR2 and 9 were 0.4 and 0.08%, respectively. These data were similar to those
seen after activation with nRBC alone (0.03 and 0.4%, respectively).

As can be seen in Figure 5C, the results showed that 31% of the DC’s
expressed TLR4 when activated with TNF-o alone. In response to hemozoin, the
TLRA4 expression was 24%. This up-regulation was statistically significantly higher as
compared with those seen after activation with nRBC alone (2.2%) (P<0.01). However,
it was not statistically significantly different when compared with those activated by
TNF-a. alone (31%).

When hemozoin was added before TNF-a,, an inhibition of the TLR4
expression (5%) was seen which was statistically significantly lower than those seen
on the DC’s after activation by TNF-a alone (31%) (P<0.01) (Figure 5C).

The percentage of cell expressing TLR4 in response to the parasite lysate was
similar to that seen in response to hemozoin. However, the TLR4 in response to the
parasite lysate alone (37%) was up-regulated as compared to that seen after activation
with nRBC alone (2.2%) (P<0.01). The up-regulation of TLR4 was also seen when
TNF-o was added after pre-incubation with parasite lysate (48%), which was similar
to that seen after activation with TNF-a alone (31%) (Figure 5C).

Since lipopolysaccharide (LPS) frequently contaminates antigenic fractions,
we tried to rule out LPS contamination in our antigenic fractions by addition of 20
ug/ml of polymyxin B (Sigma, Steinheim, Germany) in the culture of iDCs and
hemozoin. The results were similar to those activated by hemozoin alone (data not

shown).
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Figure 5. The percentage of TLR2 (A), 9 (B) and 4 (C) expression on the surface
of mature DCs after iDCs were co-cultured with nRBC alone, TNF-a alone, 15 uM of
P. falciparum hemozoin or parasite lysate. The data are shown as one representative

experiment out of five. The upper line shows the SD of value.
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3.6 DC morphology

The DC morphology was confirmed by thin film of Giemsa’s staining. iDC is
shown in Figure 6A. Figure 6B, an arrow shows the parasites lysate surrounded and
inside the cell membrane of DC. An arrow in Figure 6C shows the hemozoin
internalized inside the DC, and an arrow in Figure 6D shows the infected RBC
attached to cell membrane of DC.

Figure 6. DC morphology by Giemsa’s staining and analysis by bright-field
microscopy (magnification x 100; POLYVAR microscopy, Reichert-Jung, Wien,
Austria); (A) Immature DC (B) Immature DC were activated with lysate P. falciparum,
(C) activated with purified P. falciparum derived hemozoin and (D) activated with

intact P. falciparum schizonts. N=Nucleous, CT=cytoplasm.
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3.7 P. vivax induced the expression of the DC surface markers of CDla and CD83

Similar experiments as for the P. falciparum stimulation were done in parallel
with P. vivax antigens. iDCs were activated with 10 pg/ml of P. vivax lysate alone or
P. vivax lysate for 20 hours before the addition of TNF-a.. As can be seen in Figure 7A
and B, the P. vivax lysate enhanced the expression of both the CD1a and CD83 (76
and 19%, respectively) markers which was statistically significantly higher than those
seen after activation with nRBC alone (40 and 2%) (Both P=0.03). Interestingly, when
iDCs were co-cultured with P. vivax lysate prior to addition of TNF-c, the expression
of CD83 (39%) was higher ~2 fold than that seen on DC’s activated by TNF-o alone
(17%) (Figure 7B).

100 - A
90 | 68 76 80
80 | T [
40
70 -
@ 60 -
a
O 504
X 40 |
30
20
10 -
0 - :
nRBC TNF LysatePV ~ PV+TNF
100 - B
90
80
70 1
£ 60
8 50 | 39
30 19
20 1 T
10 2
O ’j T T T 1
nRBC TNF LyPV LyPV+TNF

Figure 7. The percentage of CD1a (A) and CD83 (B) on the DC after activation
with nRBC alone, TNF-a alone, 10 ug/ml of lysate P. vivax with or without TNF-a..
The data are shown as one representative out of three experiments. The upper line

shows the SD of value.
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The percentage of TLR2 and 4 was estimated after DCs co-cultured with the P.

vivax lysate. As can be seen in Figure 8A, the TLR2 (1%) was not statistically

significantly different from that seen after activation with nRBC alone (1%).

The results showed that the percentage of TLR4 was 42% when activated with

the P. vivax lysate (Figure 8B). This was statistically significantly higher than that

seen after activation with nRBC alone (3%) (P<0.01). When the P. vivax lysate was

added before TNF-a., the percentage of TLR4 (43%) was not changed as compared the

activation with P. vivax lysate alone (42%) (P<0.01).

% TLR2

10 -

)]
I

A

1.0

|

0.1

2.0

nRBC

TNF

LyPV

T 1
LyPV+TNF

100 4
90 +
80 -
70 4
60 -
50 4
40 ~
30 ~
20 4

% TLR4

10

(/A

3

42 43

nRBC

TNF

LyPV  LyPV+TNF

Figure 8. The percentage of TLR2 (A) and TLR4 (B) expression on mature DCs

after activated with nRBC, TNF-a, 10 ug/ml of lysate P. vivax parasites with or

without TNF-a.. The data are shown as one representative out of three experiments.
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4. Discussion

The major findings of this study are that malaria antigens from P. falciparum
and P. vivax can activate the DC maturation and that the activation of DC involves
the Toll like receptor 4.

Our findings showed that the DC maturation was inhibited after incubation
with intact P. falciparum schizonts. Our results are in line with the study reported by
Urban et al (5) which were the first to shown that DC maturation was severely
inhibited after exposure to intact P. falciparum infected erythrocytes. Therefore, this
may suggests that P. falciparum schizonts have immunosuppressive effects on DC
maturation. However, whether the other stages of P. falciparum, commonly found in
the blood circulation (ring or gametocyte stages) of malaria infected patients, have
immunomodulatory effects on DC maturation and by which mechanisms still need to
be investigated.

Our results showed that hemozoin enhanced the DC maturation and did not
have any immunosuppressive effect on the DC matured by TNF-o.. Our data are in line
with a recent study reported by Coban et al (8) who have shown that hemozoin
enhanced the DC maturation markers CD1a and CD83, respectively. However the data
are in contrast to a study reported by Schwarzer et al (19) who have shown an
immunosuppressive effect of crude hemozoin on monocytes and macrophages. One of
the possible reason for these differences could be the methodology used for the
hemozoin purification. Schwarzer et al (19) did not remove the protein and lipid from
the hemozoin. They have shown that the adhered protein was necessary for
opsonization and phagocytosis of monocytes and macrophages. In our study, we tried
to exclude any possible contaminants, like proteins and lipids during hemozoin
preparation following the methods described by Coban et al and Sullivan et al (14,16).
Their studies tried to rule out other proteins and lipids including GPI from the cultures.
However, we need to prove the purely further by running the sample on an agarose gel
and by staining with ethidium bromide to detect possible DNA contamination.

Our findings showed that the inhibition of DCs maturation was seen only after
incubation with intact P. falciparum schizonts but not parasite lysates or hemozoin.

The possible reason for this could be that P. falciparum schizonts inhibit DCs
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maturation by DC-parasite contact through the interaction of the proteins on the
membranes of infected RBC, PFEMP-1 and CD36 on the surface of DCs (20, 21).

In our study, we did not see any increase in the TLR2 and TLR9 expression on
the surface of DC. Our data showed that P. falciparum derived hemozoin and parasite
lysates up-regulated TLR4 expression. Our data contrasts with a recent study in mice
which has shown that hemozoin activates the innate immune response through TLR9
(14). The possible mechanism for the difference seen could be the contents of LPS.
However, our results did not show any difference between the culture of DCs activated
by hemozoin with and without polymyxin B. This suggests that the differences seen in
the two studies were not due to LPS contamination. However, further analysis is
needed to firmly prove this.

In our study, the TLR4 expression induced by TNF-o was inhibited in DCs
activated by P. falciparum derived hemozoin. However, this inhibition could not be
seen in DCs activated with parasite lysates. The possible mechanism would be that the
malaria parasites lysate contains several proteins including heat shock protein (HSP)
which is the ligand of TLR4. Therefore, these malaria parasite lysate can activate
TLR4 on the surface of DCs.

Similar to P. falciparum, our data also showed that P. vivax parasite lysates up-
regulated both the DC maturation markers and the TLR4 expression. This suggests
that the up-regulation of DCs maturation through TLR4 may be one mechanism
whereby the malaria antigens interact with DCs. In our study, we did not show the data
of DCs activated by P. vivax derived hemozoin because we did not have enough
P.vivax materials to carry out these studies.

Taken together, our study shows that hemozoin can modulate the immune
response, by increasing the maturation of DC during malaria infection. Our study also
provided one mechanisms of innate immune response against malaria infection by the
finding that P. falciparum derived hemozoin increased the expression of the TLR4 on
the DC. However, the exact mechanisms whereby DCs are activated by hemozoin
through TLR4 need further investigations.
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Abstract

Immunity induced by Plasmodium vivax infection leads to memory T cell recruitment activated during “relapse’ or ‘“‘re-infection”. This
study aims to characterise memory T cells in patients with acute or convalescent P. vivax infection. Lymphocytes were collected from patients
infected by P. vivax, immune controls and naive controls. The proportion of immature memory T cells, expressing CD45RO"CD27", and mature
cells lacking CD27 was assessed. A statistically significant increase in the median percentage of memory T cell subsets expressing CD4 " was
observed in material from patients with an acute infection compared with that from either naive or immune controls. The high percentage of
memory T cells in infected patients was maintained until 60 days post treatment. The immune controls living in a malaria endemic area had
a somewhat increased proportion of memory T cell subsets expressing CD8". An approximately three-fold increase of these cell types was
shown in patients with an acute infection and the level persisted until 60 days post treatment. Phenotypic characterisation of the peripheral lym-
phocytes during acute infection revealed that a large fraction of the lymphocytes carried the yd phenotypes suggesting a role for these cells in the
early response against P. vivax. Very low levels of P. vivax specific antibody were found. This might suggest that cell-mediated immunity may
play a greater role in the development of naturally acquired protection against P. vivax infection than humoral immunity. Our results provide
further insight into the mechanism of cell-mediated immunity to P. vivax infection that could be important for the future development of a
successful vaccine and anti-malarial drug designation.
© 2006 Elsevier SAS. All rights reserved.
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1. Introduction mainly in African countries [1]. In contrast with P. falciparum
malaria, benign P. vivax infection causes relapsing fever but is

Malaria is a common tropical disease associated with mor- rarely fatal [2]. This may be because a pattern of a unique
tality among children infected with Plasmodium falciparum, host—parasite relationship exists during the infection. Until

now very few studies have investigated host immunity during

P. vivax infection. One reason for this could be the difficulty

—_— ‘ ) o maintaining P. vivax cultures as a source for the preparation
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but whether this is due to a slow development of drug resis-
tance among the P. vivax parasites remains to be verified.
The collection of more information from areas where P. vivax
is endemic should be encouraged.

In humans, naive T cells differentiate to memory T cells
by expression of the CD45RO isoform of CD45. CD45RO™
T cells expand rapidly after activation by specific antigens
and produce large amounts of IL-4, or IFN-y and IL-2 [3,4].
A previous study has shown that the CD4TCD45RO™ T cells
producing IL-4 play a role in the protective immunity against
P. falciparum infection [5]. Among the CD4"CD45RO™ T cell
subsets, CD277" is considered a marker of immature memory
T cells. The loss of the CD27 marker is irreversible and
defined as a marker of mature memory T cells [6,7]. A sig-
nificance of CD27 has been shown in long-term protection
against P. falciparum infection in which antigen-specific
memory T cells are maintained via co-ligation of the CD27
and CD70 molecules [8].

This study was performed in a malaria-endemic area of
western Thailand and focused on acquired cell-mediated im-
munity following P. vivax infection with the aim of establish-
ing the nature of host responses in relation to the severity of
the P. vivax infection. We hypothesise that immunity induced
by P. vivax parasites upon repetitive acute infection may lead
to memory T cell recruitment and that this population will be
reactivated during the “‘relapsing period” or after “‘re-infec-
tion” and that these cells control the development of parasites,
thus reducing disease severity. However, our finding did not
rule out the protective role of specific anti-P. vivax antibodies
in immune individuals.

2. Materials and methods
2.1. Study population

Blood samples were collected from 52 patients with acute
P. vivax infections at two malaria clinics in Mae Sot and
Mae Kasa, Tak province, Thailand. The diagnosis of P. vivax
malaria infection was based on the examination of Giemsa
stained thick blood films [9]. Polymerase chain reaction
(PCR) with species-specific primers was performed on DNA
isolated from the blood samples. Seventeen patients were vol-
untarily recruited for follow up on days 7, 14, 28 and 60 after
treatment with chloroquine and primaquine. Ten millilitres of
blood were collected at each follow-up day.

Table 1
Information and clinical data of P. vivax patients, immune and naive controls®

Blood samples were also collected from 53 subjects re-
sident in the same area, where P. vivax was endemic. These
subjects “immune controls’” did not have an acute P. vivax
infection at the time of blood collection as determined by
both microscopy and PCR analysis. A further 27 healthy
adults “‘naive controls”, living in Bangkok with no previous
malaria exposure and with no antibodies to malaria, were
also recruited to the study. The clinical characteristics of the
subjects are shown in Table 1. This study was approved by
The Committee on Human Rights Related to Human Experi-
mentation, Mahidol University, and by the Ministry of Health,
Thailand. Informed consent was obtained from each individual
before blood samples were taken.

2.2. Preparation and cryopreservation of PBMC

Venous blood was collected in heparin and PBMC were
separated by gradient centrifugation using Lymphoprep™
(AXIS-Shied PoC AS, Oslo, Norway) according to the manu-
facturer’s recommendation. The PBMC pellet was finally re-
suspended at a concentration of 10° cells/ml in RPMI-1640
supplemented with 10% heat-inactivated fetal calf serum
(ECS) (GIBCO, Carlsbad, USA). The viability of PBMC
was determined by tryphan blue exclusion and the number
of cells counted. PBMC were cryopreserved in 10% dimethyl
sulphoxide (DMSO) and stored in liquid nitrogen and then
transported to the Department of Pathobiology, Faculty of
Science, Mahidol University, Bangkok, for further analysis.

2.3. Flow cytometric analysis

Three-colour flow cytometric analysis was carried out as
follows. For memory T cells, PBMC (10 cells/vial) were di-
rectly stained with a combination of fluorochrome-conjugated
mAbs: RPE-Cy5 labelled anti-CD4 or RPE-Cy5 labelled
anti-CD8, FITC-labelled anti-CD45RO and RPE-labelled
anti-CD27 (Serotec, Oxford, UK) for 30 min at 4 °C. For y3
T cells, PBMC were stained with mouse IgG1 anti-human
TCR V31 (A13) or TCR V32 (BB3) (kindly provided by
Dr L. Moretta, Centro Di Biotechnologie Avanzate, Genova,
Italy) for 1 hat 4 °C and washed twice with phosphate buffered
saline (PBS). Goat F(ab’), anti-mouse IgG antibodies conju-
gated with FITC were used to detect the anti-TCR
antibodies. The CD3 phenotype of these cells was shown by
double staining with RPE-Cy5 labelled anti-CD3 (Serotec,

Population No. of cases Age (years) Sex Ethnic Hematocrit (%) Temperature (°C) Parasitaemia (%)
M F Thai Karen
AC 52 32 + 12 (15=70) 32 20 18 34 41 + 6 (30—63) 37.8 + 1.3 (34—40) 0.4+ 0.4 (0.02—1.2)
1C 53 40 £ 15 (16—77) 40 13 51 2 47 +7° (34—64) 36.8 + 0.4 (36—37) 0
NC 27 32 +£9 (22—50) 15 12 27 0 41 + 3 (37-48) 375405 0

AC, acute P. vivax infection; IC, immune controls; NC, naive controls.
# Mean =+ standard deviation (range).

b Significant difference when compared with naive controls [MD = 5.87, 95% CI = 1.30—10.43, P = 0.01].
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Oxford, UK) at 4 °C for 30 min. The IgG isotype antibodies
were used in parallel to obtain the baseline level. After staining,
the cell pellets were fixed with 500 pl of 4% paraformaldehyde
for acquisition and analysis on FACScan using the CELL-
QUEST software (Becton Dickinson, San Jose, USA).

2.4. Parasite cultures and antigen preparations

P. vivax or P. falciparum infected red blood cells (iRBC)
purified from infected blood was used as antigens in ELISA.
Briefly, P. vivax infected blood was depleted of white blood
cells by filtering through a sterile column of CF11 cellulose
(Whatman®, Maidstone, UK) and the red blood cells were
washed with RPMI-1640 by centrifugation at 1190 x g for
5 min. The parasites were cultured for 24—30 h at 5% haema-
tocrit in McCoy’s 5A medium (GIBCO, Carlsbad, USA) sup-
plemented with 25% human AB serum. P. falciparum cultures
were performed as described previously [10] in RPMI-1640
medium supplemented with 10% human serum. Both P. vivax
and P. falciparum cultures were kept at 5% CO,, 5% O, and
90% N, until matured to schizont stage (>6 nuclei). The
late stage iRBC were enriched by centrifugation using 60%
Percoll (Pharmacia, Uppsala, Sweden) at 1190 x g for
10 min. The enriched iRBC pellets were sonicated for 40 s
at 150 W and the protein concentration was determined by
Bradford assay (Bio-Rad, Hercules, USA). The vials were
then aliquoted and stored at —70 °C until used as antigens
in the assays. Uninfected red blood cells were processed sim-
ilarly as above and the protein concentration equal to the ma-
laria antigens was stored at —70 °C to be used for the
detection of baseline antibody levels.

2.5. Determination of anti-P. vivax or anti-P. falciparum
antibodies by enzyme-linked immunosorbent
assay (ELISA)

Polystyrene immunoplates (Corning, Corning, USA) were
coated with 50 ul of P. vivax, P. falciparum antigen, or unin-
fected red blood cell lysate (10 pg/ml) diluted in PBS (pH 7.4)
and incubated overnight at 4 °C. Each well was blocked with
100 pl of blocking buffer (0.5% boiled casein in PBS and
0.05% Tween 20) for 2 h at room temperature. Fifty micro-
litres of serum (1:100 dilution) were added into duplicate wells
and incubated for 2 h at 37 °C. After rinsing the plate with
washing buffer (0.05% Tween 20 in PBS), 50 pl of horseradish
peroxidase-conjugated goat anti-human IgG (Caltag, Burlin-
game, USA) were added and incubated for 1h at room
temperature. After final washings, 50 pl of 2,2-azino-di-
(3-ethylbenzthiaoline sulphonic acid) containing 50% hydro-
gen peroxide (Kirkepaard & Perry Laboratories, Gaithersberg,
USA) were added and incubated for 30—60 min in the dark
at room temperature. Enzyme activity was measured by
automated microplate reader, Wallac Victor (Perkin Elmer,
Jigesheim, Germany) at 405 nm. All values were subtracted
from the baseline value obtained using the reaction with un-
infected red blood cell lysate before performing data analysis.

2.6. Data analysis

All data were analysed using the SPSS programme (Version
10.0, Chicago, USA). Parametric analysis (7 test for indepen-
dent samples) was used for comparison of haematologic data
and antibody levels between sample groups. The percentages
of T cell phenotypes were log transformed to produce normal
distributions. Parametric analysis was then performed using
transformed data as follows. The mean percentage difference
for T cell phenotypes between the groups, i.e. naive controls
vs. immune controls, naive controls vs. acute infection and
immune controls vs. acute infection, were analysed using the
independent samples ¢ test. The differences in mean values
for the acute infection group to examine variation over the
follow-up period were analysed using the paired-samples ¢
test. The Pearson correlation was used for evaluation of corre-
lation between the levels of anti-P. vivax or anti-P. falciparum
IgG antibody and age. The results were considered statistically
significant at P < 0.05.

3. Results

In this study, cryopreserved PBMC were used to determine
T cell phenotypes. No significant differences between fresh
and cryopreseved PBMC were found in either the viability
of PBMC or the median percentage of both CD4" and CD8"
memory T cell expression (data not shown).

3.1. CD4" memory T cells

The CD4" memory T cells (Fig. 1A) were quantified and
the results showed that the median and interquartile range
for the percentage of CD4"CD45RO™ T cells in the immune
controls (24%, 19—29) was statistically significantly higher
than in the naive controls (12%, 11—26) [MD (mean differ-
ence) =0.19, 95% CI (95% confidence interval) = 0.02—
0.36, P = 0.03]. Among the acute P. vivax infection samples,
the percentage of CD4"CD45RO™ T cells (38%, 22—55), was
statistically significantly higher than for the naive controls
(12%, 11-26) [MD = 0.38, 95% CI = 0.17—0.58, P = 0.001]
and the immune controls (24%, 19—29) [MD = 0.19, 95%
CI =0.03—0.34, P =0.02]. After antimalarial treatment,
the percentage of CD4"CD45RO" T cells remained high
on day 14 (37%, 30—53), and then it subsequently declined
and remained stable on days 28 and 60 (21%, 17—57; and
27%, 19—53, respectively).

During memory T cell development, the CD27" marker
was expressed on the CD4"CD45RO™ T cells, indicating the
presence of immature stage memory T cells. The median
and interquatile range, percentage of the immature memory
T cells (CD4"CD45ROTCD27™) (Fig. 1B) were significantly
greater in the patients with acute infections (30%, 14—52)
compared with the naive controls (10%, 7—16) [MD = 0.38,
95% CI =0.15—0.60, P =0.002] and the immune controls
(13%, 10—17) [MD = 0.31, 95% CI = 0.11-0.51, P = 0.004].
Among the patients, the level remained high on day 14
(27%, 21—52) but declined by day 28 (17%, 11—39). The
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Fig. 1. Comparison of CD4" memory T cell phenotype between naive controls
(NC), immune controls (IC), patients with acute P. vivax infection (AC) and
the follow-ups on day 14 (D14), 28 (D28) and 60 (D60). (A) CD4"CD45RO™,

(B) CD4"CD45RO"CD27", (C) CD4"CD27 . Data are shown in median, in-
ter-quartile ranges (box plots), maximum and minimum (upper-lower lines).

level on day 28 was still higher than in the naive controls
(10%, 7—16) [MD = 0.23, 95% CI = 0.01—-0.45, P = 0.04].
The proportion of CD47CD27~ T cells (Fig. 1C) was not
statistically significantly among those with an acute infection
(28%, 21—42) when compared with naive controls (24%,
17—35) and the immune controls (25%, 16—36). After

treatment, the percentage of mature memory T cells remained
high over days 14, 28 and 60 (29%, 17—35; 26%, 11—40 and
26%, 14—33, respectively).

3.2. CD8" memory T cells

The proportion of CD8" memory T cells (CD8"CD45RO™)
(Fig. 2A) was statistically significantly higher in the immune
controls (23%, 16-30) than in the naive controls (10%, 6—16)
[MD =0.29, 95% CI=0.12-047, P=0.002]. A slightly
raised proportion of CD8'CD45RO™ T cells was seen in
patients with acute P. vivax infection (26%, 8—61). However,
this was not statistically significantly different from that seen
in the immune controls but different from that in the naive
controls [MD = 0.32, 95% CI = 0.01—0.63, P = 0.04]. Treat-
ment of the patients with antimalarial drugs did not reduce
the percentage of CDS8TCD45RO™ T cells (24%, 7—32) on
day 14, and this level remained level throughout the 60 days
follow-up period.

The proportion of immature memory T cells (CD8*CD45
RO'CD27") (Fig. 2B) was statistically significantly higher
in the immune controls (14%, 8—24) than in the naive controls
(6%, 5—8) [MD = 0.37, 95% CI=0.20—0.54, P < 0.001].
Acute P. vivax infection was associated with a higher propor-
tion of this T cell population (17%, 6—66) [MD = 0.43, 95%
CI =0.13—0.74, P = 0.007], and which remained high after
treatment, and throughout the follow up period (16%, 5—25;
17%, 9—35 and 16%, 12—27 on days 14, 28 and 60,
respectively).

The proportion of mature memory T cell (CD8"CD27")
(Fig. 2C) population (8%, 5—20) was not statistically signifi-
cantly different from that seen in the immune controls (7%,
6—14) and naive controls (8%, 5—19). Antimalarial treatment
did not affect the level of this T cell population (9%, 6—34;
7%,4—27 and 15%, 5—28 on days 14, 28 and 60, respectively).

3.3. Gamma delta (v6) T cells

Analysis of the percentage of y3d T cells showed that the
median percentage of C37317 was statistically significantly
higher in the acute infection sample (3%, 2—4) compared
with the naive controls (1%, 0.6—2) [MD = 0.36, 95%
CI =0.11-0.61, P = 0.007]. However, a statistically signifi-
cant difference was not observed when the acute infection
group was compared with the immune controls (2%, 1—4).

Similarly, the percentage of the CD3"32" population was
statistically significantly higher in the acute P. vivax infection
group (8%, 5—11) compared with the naive controls (2%,
1-3) [MD =0.61, 95% CI=0.42—0.80, P < 0.001], and
immune controls (4%, 2—6) [MD = 0.30, 95% CI =0.10—
0.49, P =0.004]. Moreover, the proportion of CD3" 32"
T cells was higher during the first weeks post treatment
(13%, 1—16) and declined by day 14 follow-up (6%, 4—13).

3.4. Appearance of CD3762" memory T cells

To determine whether the CD3752" T cells present during
acute P. vivax infection were of the memory T phenotype, we
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Fig. 2. Comparison of CD8" memory T cell phenotype between naive controls
(NC), immune controls (IC), patients with acute P. vivax infection (AC) and
the follow-up on day 14 (D14), 28 (D28) and 60 (D28). (A) CD8 CD45RO",
(B) CD8*CD45RO"CD27", (C) CD8"CD27 . Data are shown in median, in-
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quantified the T cells co-expressing CD3"32%, CD45RO™ and
CD27" markers by flow cytometry. All of the CD3%32"
T cells co-expressed the memory T cell markers (CD45RO™
and CD27") (Table 2). The co-expression of the molecules
was demonstrated in all studied groups, naive controls, im-
mune controls and acute P. vivax patients. Based on data

published [11] about the racial difference in the percentage
of v932 T cells, we estimated the frequency using material
from five malaria naive controls. The data showed that the pro-
portion was lower than those exposed to malaria [MD = 0.60,
95% CI = 0.32—0.90, P < 0.001].

3.5. Anti P. vivax antibody

Anti-P. vivax antibody levels were very low in the acutely
P. vivax infected patients with a median OD, and interquartile
range, of 0.11, 0.07—0.17. However, the levels were statisti-
cally significantly higher than in the naive controls (0.02,
0.01—0.05) [MD = 0.10, 95% CI = 0.006—0.13, P < 0.001]
and immune controls (0.06, 0.04—0.10) [MD = 0.05, 95%
CI =0.03—0.08, P < 0.001]. Anti-P. vivax antibody levels
were higher and maintained up to 2 months post treatment
(0.11, 0.07—0.18 on day 7; 0.15, 0.08—0.18 on day 14; 0.11,
0.08—0.15 on day 28 and 0.09, 0.08—0.14 on day 60). Interest-
ingly, some (<6%) P. vivax infected patients showed high
levels of antibody to P. vivax antigen (data not shown).

Antibody specific to P. falciparum antigen was also deter-
mined in the immune controls and P. vivax infected patients
using the same experimental conditions as for the P. vivax.
The levels of antibodies to crude P. falciparum antigens
among the acutely P. vivax infected patients and immune con-
trols were 0.36, 0.16—0.57 and 0.18, 0.09—0.34, respectively.
The detected level was statistically significantly higher than
that obtained with the P. vivax antigens [MD = 0.16, 95%
CI=0.12—-0.21, P <0.001 for immune controls and
MD = 0.21, 95% CI=0.12—0.30, P < 0.001 for acute
infection].

An age-dependent increase was seen for the anti-P. falcipa-
rum antibody responses while this was not the case for the
anti-P. vivax antibody. This was evident in immune controls
and acute P. vivax infected patients (data not shown).

4. Discussion

The objective of this work was to characterise the profiles
of memory T cells in patients during acute and convalescent
P. vivax infection, and also in immune controls living in the
same malaria endemic area. Our results showed that upon
acute infection, the memory T cells were induced and there-
fore the levels of both immature and mature memory T cells
were high during the acute P. vivax infection. These cells
were well maintained in the convalescent state as well as in
the immune controls.

Our findings showed that the proportion of CD4" T cells is
high during acute P. vivax infection. This is in contrast with
what is usually seen during P. falciparum infections, where
parasite-specific immune responses have been shown to be
suppressed [12]. In our study, CD4" T cells were activated
during the acute disease, and differentiated from naive to
memory T cells (CD4"CD45RO™). The finding that there
were high levels of immature and mature memory T cells dur-
ing acute infection suggests that memory T cells were not sup-
pressed by the parasites. The reasons why the acutely infected
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Table 2

Percentages of co-expression between CD3732% T cell and CD45RO™ and CD27*

Population CD3" CD45RO* CD3" CcD27t CD3"32" CD3" CD45RO*32+ CD3" CcD27+52"
AC 52 (43—57) 17 (13—20) 11 (11-22) 11 2—11) 11 (11-22)

IC 33 (24—39) 7 (3—11) 5(2—11) 6 (2—10) 5(2—9)

NC 31 (30—42) 4 (2—6) 3 (2-5) 2 (1-5) 3 (2-5)

AC, acute P. vivax infection; IC, immune controls; NC, naive controls.
# Median (25th to 75th percentile).

patients had such high levels of memory cells might be due to
previous exposure (if not continuous exposure in case of hyp-
nozoite existence), indicated by the somewhat higher levels of
memory T cells among the immune controls.

In our study there was no statistically significant increase
in the percentage of total CD8™" T cells in patients acutely in-
fected with P. vivax, but there was an increased expression of
the memory CD8" T cells. This indicates that although the
CD8" T cells were not expanding, they could be activated
during an acute infection. This is in contrast to a study [13]
conducted in P. falciparum, where there was an increase in
the numbers of CD8" T cells, probably both cytotoxic and
suppressor types. A recent study has shown a significantly
lower percentage of CD8" T cells during acute P. falciparum
infection as compared with acute P. vivax infections [14].
Therefore, it is likely that P. vivax induces less immune sup-
pression than P. falciparum. In our study, the total numbers
of CD8" T cells was not increased. However, the fact that
the expression of memory subsets of CD8" T cells was in-
creased during the acute infection, suggests that cytotoxic
memory T cells are activated by the parasite. Alternatively,
memory CD8" T cell responses could have been influenced
by an earlier exposure to liver stage antigens or by cross-pre-
sentation of blood stage antigens. CD8" T cells may control
liver stages and blood stages of the parasites by secretion of
cytokines. However, cytolytic CD8™ T cells only play a role
in protection against the liver stages where they have been
shown to directly destroy the infected cells [15].

A recent study has shown that CD4" T cells are essential
for the differentiation of CD8" memory T cells [16]. This is
supported by the finding [17] that T-helper cells play a role
in the differentiation and expansion of memory CD8" T cells.
These findings are consistent with our data showing induction
of both memory CD4" and CD8™" T cells during acute P. vivax
infection.

In this study, memory T cells were readily detectable in the
immune controls. This is most likely due to frequent exposure
to P. vivax parasites at either the blood stage or liver stage,
hypnozoite.

It has been shown that the number of y3 T cells increase
after primary P. falciparum infection [18]. Our data showed
a significant increase of 32 T cells in the patients with acute
P. vivax infection that persisted to day 7 after treatment. The
82 T cells from the immune controls were of the memory
phenotype. This indicates that the 82 memory T cells are
maintained in the immune controls. This finding is of impor-
tance as a recent study showing [19] that the memory

CD45RACD27" phenotype generally co-expresses Y932 in
peripheral blood. This increase was related to the malaria in-
fection, as those not previously exposed to malaria has lower
proportions of 82 T cells.

In this study, the levels of anti-P. vivax antibodies, as deter-
mined by conventional ELISA, were very low among the im-
mune controls and in the acutely infected patients. Although
the ELISA for detection of P. vivax antibody has not been
standardised, the antibody level was far higher in the P. vivax
exposed than in the naive controls indicating a specific acti-
vation of the B lymphocytes. This is in line with a previous
report showing a significant increase of anti-P. vivax IgG
levels in semi-immune children with the highest level on
day 7 following acute infection [20]. Our findings show the
anti-P. vivax antibody levels did not increase with age either
in the immune controls or in the patients with acute infections
and this is in line with data reported by a previous study using
MSP-1 of P. vivax as the antigen [21].

Our findings suggest that the memory T cells which are at
higher levels during acute P. vivax infection consist of mem-
ory cells and possibly have different effector functions. The
function of these memory T cells during acute infection could
either be through cytotoxicity or they could act as T-helper
cells regulating antibody response against the P. vivax para-
site. We hypothesise that the increased levels of both memory
subsets of CD8™ T cells may control parasitaemia during acute
infection through an influence on P. vivax specific antibody re-
sponses rather than cytotoxicity. However, the mechanisms
whereby the memory cells control P. vivax parasites at the
liver stage and blood stage await further investigation. Mem-
ory T cells, particularly the CD8 phenotypes and the vd
T cells, could play significant roles in the development of
cell-mediated immunity against P. vivax infection.
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