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Native immune response against Plasmodium vivax infection: a comparative study between

Thailand and China

Cell-mediated immunity induced by P. vivax has not been investigated widely. A study has
shown the severity reduction induced by P. falciparum among mixed P. falciparum and P. vivax
infection, indicated the role of host immunity against P. vivax may efficiently destroy malaria
parasite during infection. In this project, we performed the study on functional mechanisms of cell
mediated immune responses by showing various cell phenotypes during P. vivax infection. Our
first finding has shown that regulatory T cell is increased during acute P. vivax infection. This

indicates that the parasites can evade the immune responses via induction of regulatory T cells.
The next finding, we have found a significant elevation of 78 T cells in acute P. vivax infection
higher than that of P. falciparum infection. Moreover, the in vitro study supports the early activation

of YS T cells in response to P. vivax parasites. We characterize lymphocyte phenotypes in the
Central China, where P. vivax is the only cause of malaria infection. Our study has shown that
regulatory T cell in the Chinese patients is reduced in contrast to the level of 'YS T cell which is
increased during acute P. vivax infection. This can be primarily summarized that 75 T cells play
role against P. vivax infection. The antibody mediated immunity against P. vivax infection among
Chinese patients is higher and more P. vivax-specific than those of the Thai patients. This suggests
the cross-reactivity of anti-malaria antibodies among Thai patients. These findings provide
information to understand cell-mediated immune responses against malaria infection, leading to

various innovative designs of malaria vaccine in the future.



Executive Summary
Basic Research
1. Research title
Native immune response against Plasmodium vivax infection: a comparative study between

Thailand and China

2. Principal investigators
Dr. Rachanee Udomsangpetch
Department of Pathobiology, Faculty of Science,
Mahidol University
Tel. 02-2015576 Fax. 02-354 7158

E-mail: scrud@mahidol.ac.th

3. Field of research

Immunology in Plasmodium vivax malaria

4. Problems and importance of the problems

Malaria infection is a major cause of morbidity and mortality in many countries. Two
species of the pathogenic parasite, Plasmodium falciparum and Plasmodium vivax are commonly
causing infections. Nevertheless, the pathogenicity and pathogensis of these two organisms are
different. Investigations are extensive in falciparum infection due to more severity comparing to that
of vivax malaria. Only a few researches have focused on the pathogenesis of vivax infection
although the organism is considered one of the major problems in Ethiopian, Latin American and
Southeast Asian countries, particularly Thailand. Plasmodium vivax has a typical character in which
this organism can remain inside the host for several months or years. Relasping of the infection is
common and can cause severe morbidity. During the parasitaemic vivax infection, although host
immunity both antibody and cell-mediated responses should play roles against the organisms,
however, the mechanism remains unclear. To understand the modulation of host immune system
during acute P. vivax infection, it is important to investigate the role of P. vivax-specific T cells
during the disease activation process in comparison with the convalescence period. We
hypothesized that P. vivax parasites activate lymphocytes to enter a slow expansion of the P.
vivax-specific lymphocytes rendering the rise of natural protective immunity. Nonetheless, this
specific activation by P. vivax-derived products eventually triggers the activated lymphocytes into

apoptosis. These events are conceivably redundant during the onset of infection, particularly in the



case of relapsing P. vivax infection. Therefore, the more often the infection is relapsed the lower
expansion of the P. vivax-specific T cells occur. Ultimately, the immunity to P. vivax is

compromised by the parasites, i.e. low antibody response.

Objectives

The objective of this study is to establish the understanding of the mechanisms of host
immune regulation during P. vivax infection by determining P. vivax-specific T cell activation. In
addition, this study also investigates the role of natural and inducible regulatory T cells activation
during P. vivax infection. Immunity is controlled by and involved with various genetic codes,
therefore, a comparison among the populations having different genetic background, living in
similar malaria endemicity awaited the investigation.
Methodology:
1. Sample collection

Acute P. vivax-infected volunteers registered at Malaria Clinic in Mae Sot and Mae Kasa
districts, Tak province will be informed of the details of the project prior to recruitment. Healthy
volunteers living outside the endemic area and without previous history of malaria infection are
recruited by individual consent and blood sample collected as for baseline controls.

2. Preparation of peripheral blood mononuclear cells (PBMC)

Heparinized blood will be carefully overlayered on LymphoprepTM (AXIS-Shied PoC AS,
Norway) and PBMC will be separated by gradient centrifugation. The PBMC pellet will be finally
resuspended in RPMI-1640 containing 10% fetal calf serum (FCS). The viability will be determined
by tryphan blue exclusion and the number will be counted in hematocytometer.

3. Antigen preparations

Infected blood of P. vivax at schizont stage from volunteers will be filtered through the
Plasmodipur ﬁlter® in order to remove leukocytes and used as source of antigen. Parasites in the
samples will be separated by centrifugation on the 60% Percoll®. The cells in the interface layer
between medium and Percoll® will be collected, washed 2 times and the pellets will be stored at -
70°C and used as malaria antigens.

4. Activation of T cells in vitro
PBMC at 2 X 105 /ml in HEPES-buffer RPMI-1640 supplemented with 10% inactivated AB

serum will be activated with optimal concentrations of malaria antigens and cultured under in vitro

conditions for a week. The cells will be harvested on day 5 and 7 for further analysis.



Control wells will be cultured with RPMI-1640 medium alone as negative control, with RBC
antigens as base line stimulation, and with Phytohemagglutinine-A (PHA) (Sigma, UK) as mitogenic
activation.
5. Flow cytometric analysis

PBMC from all individuals will be stained as well as activated lymphocytes in vitro will be
harvested and stained for three-color flow cytometry with various mAb to CD3, CD4, CD8, CD25,
CD45R0O, and CD19. The stained cells will be analysed on FACScan using the CELLQUEST
software (Becton Dickinson, USA).
6. Data analysis

Data will be analysed with SPSS programme (SPSS Inc, USA). Differences in percentage
of T and B cell phenotypes of individuals between and within the groups will be compared using

parametric analysis t test.

Expected outcomes:
The overall goals of this work are
1. To produce two PhD graduate students of Mahidol University
Ms. Patchanee Choothong
Faculty of Medical Technology, Mahidol University
Ms. Sriwipa Chuangchaiya
Faculty of Tropical Medicine, Mahidol Univerisy
2. To train a young researcher with focus in Malaria Immunology
Dr. Kulachart Jangpatarapongsa
Thesis dissertation on 24 February 2006.

Expected publications: 4-5 international papers

[1] Jangpatarapongsa K, Chootong P, Sirichaisinthop J, Sattabongkot J, Tangpradubkul S,
Hisaeda H, Troye-Blomberg M, Cui L, Udomsangpetch R. Plasmodium vivax alter the
balance of myeloid and plasmacytoid dendritic cells and induction of regulatory T cells. Eur.
J. Immunol .

[2] Chuangchaiya S, Jangpatarapongsa K, Chootong P, Sirichaisinthop J, Sattabongkot J,
Pattanapanyasat K, Chotivanich K, Troye-Blomberg M, Cui L, Udomsangpetch R. Immune
response to Plasmodium vivax has a potential to reduce malaria severity. Clinical and

Experimental Immunology.



[3] Chootong P, Jangpatarapongsa K, Sirichaisinthop J, Sattabongkot J, Udomsangpetch R.
Characteristic of immunity to malaria infection: Comparative T cell responses in two major
human malaria. Microbes and Infection.

[4] Xia H, Jangpatarapongsa K, Fang Q, Hu K, Yuan Y, Peng M, Sattabongkot J, Gao Q, Cui L,
Li B, Udomsangpetch R. Immune responses against Plasmodium vivax infection: The
study in the Central of China. Malaria Journal.

[6] Jangpatarapongsa K, Xia H, Hu K, Zhiyong T, Miao J, Fan Q, Cui L, Sattabongkot J, Gao Q,
Cui L, Li B, Udomsangpetch R. Natural immune response against Plasmodium vivax c-
terminal merozoite surface protein-1 (MSP-1) and apical membrane antigen-1 (AMA-1) and
cross-reactivity between P. vivax and P. falciparum infection: A study in Thailand and

China. Parasite International.
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Plasmodium vivax parasites alter the balance of myeloid
and plasmacytoid dendritic cells and the induction
of regulatory T cells
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Immunity induced by Plasmodium vivax infections leads to memory T-cell recruitment and
activation during subsequent infections. Here, we investigated the role of regulatory
T cells (Treg) in coordination with the host immune response during P. vivax infection. Our
results showed a significant increase in the percentage of FOXP3* Treg, IL-10-secreting
Type I Treg (Tr1) and IL-10 levels in patients with acute P. vivax infection as compared with
those found in either naive or immune controls. The concurrent increase in the Treg
population could also be reproduced in vitro using peripheral blood mononuclear cells
from naive controls stimulated with crude antigens extracted from P. vivax-infected red
blood cells. Acute P. vivax infections were associated with a significant decrease in the
numbers of DC, indicating a general immunosuppression during P. vivax infections.
However, unlike P. falciparum infections, we found that the ratio of myeloid DC (MDC) to
plasmacytoid DC (PDC) was significantly lower in acute P. vivax patients than that of naive
and immune controls. Moreover, the reduction in PDC may be partly responsible for the
poor antibody responses during P. vivax infections. Taken together, these results suggest
that P. vivax parasites interact with DC, which alters the MDC/PDC ratio that potentially
leads to Treg activation and IL-10 release.
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Introduction

Malaria is a common tropical disease causing deaths among
Plasmodium falciparum-infected children mainly in Sub-Saharan
Africa [1]. P. falciparum causes malignant tertian malaria that
accounts for most malaria-associated deaths, whereas P. vivax
causes relapsing fever and the infection rarely becomes fatal.
Although a better understanding of immunity is needed for the
design of effective vaccines, immune regulation in the host during
malaria infection is not fully understood, and few studies have
been conducted in patients with P. vivax infections. Our recent
study has shown that anti-P. vivax antibody levels were very low
in immune individuals living in endemic area and in patients with
acute P. vivax malaria. For the cell-mediated arm, an acute
P. vivax infection was associated with the activation of memory
T cells belonging to either a cytotoxic or helper phenotype [2].
Additionally, previous evidence [3, 4] shows that immunization
with pre-erythrocytic antigens can induce IFN-y release. This
suggests that P. vivax can activate the immune system via the Th1
pathway. However, a possible suppressing mechanism arises from
the activation of regulatory T cells (Treg) as has been shown in a
murine malaria study [5].

Treg constitutively express CD25, which is the IL-2/a chain
receptor [6]. Co-presentation of CD25 with forkhead box protein
P3 (FOXP3) dictates the immune-suppressive role of Treg via the
release of IL-10 and TGF- [7]. Treg have been shown to alter the
balance between myeloid dendritic cells (MDC) and plasmacytoid
dendritic cells (PDC) in blood, which eventually determines the
outcome of T-cell responses [8]. The increase in MDC/PDC ratio
is associated with the activation of the Th1l pathway, whereas a
decreased ratio is associated with the activation of the Th2
pathway [8-10]. In a murine malaria model, the parasites have
been shown to evade the immune response via activation of Treg
[11]. A recent study confirms this trend during P. falciparum
infections where Treg activation was correlated with higher rates
of parasite growth [12]. However, the role of Treg during the
course of P. vivax infection has not been investigated. Here, we
compared Treg population and IL-10 levels among acute P. vivax
patients, immune and naive controls. Results revealed significant
association between vivax infections with increased levels of Treg
and IL-10. In contrast, P. vivax infectons led to a general
reduction in DC and lowered the MDC/PDC ratio, suggesting a
possible immunosuppressive role of Treg during acute P. vivax
infections.

Results

Activation of Treg during P. vivax infection

The percentage of CD4*CD25" T cells was quantified and the
results are shown in Fig. 1A. Immune individuals living in endemic
areas had a similar level of Treg as observed in naive controls.

However, the level was significantly elevated during acute P. vivax
infections (mean, quartile percentages = 13.8%, 11.3-16.2) when

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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compared with that of naive controls (7.5%, 6.3-8.8, P =0.001
and immune controls (4.3, 4.7-9.9, P = 0.001).

The expression of FOXP3* on CD4*CD25" T cells wa
analyzed to differentiate the FOXP3* Treg [13]. The result
showed that FOXP3* Treg in the acute P. vivax malaria patient
(20.8%, 12.9-68.3) were approximately 7- and 3-fold higher thar
that of immune controls (2.7%, 1.9-4.6, P<0.001) and naiw
controls (6.3%, 2.4-10.2, P<0.001), respectively. Interestingly
the level of FOXP3* Treg in the malaria immune controls wa
significantly lower than that in naive controls (P = 0.4) (Fig. 1B)

IL-10 and the activation of Treg

It is known that Treg produce the anti-inflammatory cytokin:
1L-10. Results indicated that 1L-10 was 4-fold higher during acut:
P. vivax infections than those measured in immune control
(P<0.001) and 2-fold higher than that of naive control
(P=0.005) (Fig. 2A). The levels of 1L-10 in plasma collectec
from immune controls were significantly lower than that seen i1
naive controls (P=0.008). As expected, the level of IL-1(
producing Treg (CD4*CD25%1L-10" or type 1 Treg or “Trl
cells) of P. vivax infected patients was also significantly highe
than that of immune controls (P = 0.001) and naive control
(P =0.004) (Fig. 2B). Moreover, there was a significant associa
tion in the numbers of FOXP3* Treg and Trl cells in acut
P. vivax patients (R*>=0.3, P=0.006) and immune control
(R?=0.4, P=0.01). This association was not found in naiv
controls (Fig. 2C).

Treg stimulation by P. vivax antigens

Infection with P. vivax resulted in an increase levels of Treg anc
plasma IL-10. To reproduce these phenomena in vitro, periphera
blood mononuclear cells from naive controls were stimulatec
with P. vivax antigens and the number of FOXP3™ Treg wa
determined on day 5 (Fig. 3A). The results indicated that th
number of FOXP3* Treg was significantly increased when PBM(
was stimulated with 50 pg/mL of P. vivax antigen as comparec
with that of normal red blood cells (NRBC) (P = 0.01) and that o
phytohemagglutinine (P = 0.01). Consistent with enzyme-linkec
immunosorbent assay (ELISA) results, the levels of Trl cell
measured from flow cytometric (FCM) analysis was found t
increase after stimulatdon with 50 pg/mL of P. vivax antigen a
compared with that of NRBC (P = 0.048) (Fig. 3B). Moreover, i1
reverse transcriptase-polymerase chain reaction (PCR) we alsc
detected the expression of IL-10 in naive PBMC after 5days o
stimulation with P. vivax antigens (data not shown).

Blood DC during acute P. vivax infection

Circulating DC defined as HLA-DR*MDC and HLA-DR*PD(
were determined in acute P. vivax patients and naive control
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Figure 1. Increased numbers of FOXP3* Treg in patients with acute P. vivax infections. FCM analyses of cryopreserved PBMC stained with anti-CD4
Tricolor, anti-CD25 PE, and anti-FOXP3 Alexa Fluor™ 488 from the indicated groups and lymphocyte populations were gated. (A) CD4*CD25* T cells
in the lymphocyte population are indicated by the boxed areas. (B) Histograms of FOXP3 expression in the CD4*CD25* T cells. The percentages of
CD4*CD25" (A) and CD4*CD25*FOXP3" (B) cells are shown. All figures show one representative sample out of seventeen.

(Fig. 4A-C). The results showed that the absolute numbers of
both MDC and PDC were significantly reduced in P. vivax patients
than those of naive controls (P = 0.09 and 0.03, respectively)
(Fig. 4D). Consequently, the MDC/PDC ratio was significantly
different between naive controls and acute P. vivax patients
(P=0.01) (Fig. 4E).

During infection, P. vivax parasites may activate Treg via
P. vivax-primed MDC or PDC of the host. Therefore, the asso-
ciation between MDC or PDC with Treg was analyzed. However,
there was no association between PDC or MDC with FOXP3™
Treg or Tr1 cells (data not shown).

Discussion

Infections by pathogens can lead to either the Thl or Th2
response. Th1 response often leads to the resolution of malaria
infection and therefore is favored in vaccine design [14]. IFN-y
produced by CD8 T cells and/or NK cells inhibits parasite
development, thereby contributing to the protection against pre-
erythrocytic stages of both P. falciparum and P. vivax [15].

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

However, there are studies showing the induction of IL-10 in
malaria patients, suggesting that Th2 pathway may also be
involved in malaria immunity [16]. Quite different from the
findings in P. falciparum, we found that P. vivax infections rarely
resulted in significant production of parasite-specific antibodies,
but that acute P. vivax infections induced Treg activation. This
result is consistent with two recent findings in both P. yoelii and
P. falciparum, suggesting that parasites may use a similar
mechanism of immune evasion [11, 12]. Although the interac-
tions among malaria-specific T cells, B cells and Treg remain
poorly characterized, our result suggested that the increased
frequency of Treg during acute P. vivax infection may lead to
suppression of both cell- and antibody-mediated immunities,
which may benefit parasite survival in hosts. There are evidence
indicating that Treg can suppress T-cell responses through the
production of 1L-10 and TGF-$ [17, 18], whereas they may
suppress B-cell maturation and differentiation directly [19, 20] or
indirectly through the down-regulation of 1L-2 or IL-4 production
in responder lymphocytes. This may account for low parasite-
specific antibody levels seen in P. vivax patients [2].
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Figure 2. Comparison of the levels of plasma IL-10 (A) and Trl cells
(B) between naive controls (NC), immune controls (IC), and patients
acutely infected with P. vivax (AC). The correlaton between Trl
cells and FOXP3* Treg in lymphocytes from patients acutely infected
with P. vivax (C). Data are shown as mean (thick horizontal line),
inter-quartile range (box plot), maximum and minimum (upper-lower
lines) (A and B). The numbers represent mean, inter-quartile range.
(Data were log transformed and independent sample t test was used to
calculate P value).
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In this study, patients with acute P. vivax infection wer
observed to exhibit higher plasma levels of IL-10 than those o
naive and immune controls. Similar findings have been reportec
in both P. vivax and P. falciparum infections [21-24]. Eve:
though there is evidence that CD8 Treg produce IL-10 to suppres
T-cell responses [25], our result showed a significant correlatio
between elevated levels of Trl and FOXP3™ Treg, a result furthe
corroborating our earlier finding of increased levels of tota
CD4* T cells during acute P. vivax infections [2]. In parallel, w
also found a concurrent increased levels of Treg and expression o
IL-10 when PBMC from naive controls were stimulated witl
P. vivax antigens in vitro. This result is also consistent witl
findings that the number of Treg is increased in cord bloot
mononudlear cells of placental P. falciparum infections and IL-1t
elevation after stimulation with P. falciparum antigens [26]
Altogether, these results suggest that Treg may be a direct sourc
of IL-10 production and/or enhance the IL-10 production by D¢
[27]. Recent report showing that the stimulated FOXP3™ Tre;
produce many cytokines including IL-10 resulting in activation o
monocytes/macrophages can support the former hypothesis [28]
Our finding showed significant association between differen
Treg populations during acute P. vivax infection, despite the fac
that some acutely infected cases (23%) appeared to have elevate:
proportion of Trl cells with comparatively low levels of FOXP3’
Treg. Previous studies have demonstrated that Trl cells gener
ated in vitro do not express FOXP3*, but it was found to maintai:
the suppressor function [29, 30]. This suggests that FOXP:
expression is not a prerequisite for the suppressive function of Tr
cells. On the other hand, Trl cells specific for desmoglein3, th
dominant autoantigen in pemphigus vulgaris, are shown t
constitutively express FOXP3 [31]. Therefore, the association ¢
Trl cells with FOXP3* Treg remains controversial and need
further investigation [32].

Among the three groups of volunteers, the lowest levels ¢
IL-10 and Tr1 cells were observed in the immune controls. Thi
suggests that the activation of Treg is transient during P. viva
infections and that subsequent decline in Treg after parasit
clearance could be due to higher levels of memory T cells tha
were maintained after the infection [2]. Our study did not find
correlation of CD4*CD25* and FOXP3 levels. This result is in lin
with a recent study showing no correlation between CD25" cell
and FOXP3 level in human CD4™ cells [33].

The immunoregulatory effect of malaria infections is relate:
with the down-regulation of antigen presenting DC. Consisten
with earlier studies documenting the immunosuppressive effec
of malaria parasites on the maturation and differentiation of Dt
[34, 35], we found significantly lower levels of DC (both PDC an
MDC) in acute P. vivax patients. This finding coincides with th
recent study showing the decreasing numbers of MDC and PDt
among children with severe P. falciparum infection [36]. Anothe
reason could be the reallocation of cells away from the peripherz
blood, e.g. to the spleen. The evidence of lymphopenia in bot
P. falciparum and P. vivax infection supports such an explanatio
[37-39]. The levels of MDC and PDC in the peripheral blood ar
recovered during post-treatment [36].
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Figure 3. Increased numbers of FOXP3" Treg (A) and Trl cells (B) in
lymphocytes after stimulation with P. vivax antigens. PBMC from naive
controls cultured with NRBC or PV schizont lysate at the indicated
concentrations were analyzed for FCM analysis. Data represent mean
percentage+SD of five experiments. Data were log transformed and
independent sample t test was used to calculate P value.

It has been shown that the depletion of PDC abrogated the
secretion of specific polyclonal 1gG in response to influenza virus
[40]. Therefore, the reduction in PDC level during P. vivax
infection may account for the low level of P. vivax-specific anti-
bodies in vivax patients [2]. This suggests that PDC are critical for
the generation of plasma cells and antibody responses during
parasite/pathogen infections. However, unlike that of P. falci-
parum-infected patients [36], the percentage of PDC was higher

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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than that of MDC during acute P. vivax infections, resulting in a
lower MDC/PDC ratio. This may suggest that P. vivax parasites
suppress host immune response through elevated levels of PDC
and Treg. Two pieces of evidence show that the stimulation of
PDC induces naive CD4 and CD8 T-cell differentiation into Th2
cells and IL-10 producing CD8 T-cells [8, 41].

Taken together, we found that acute P. vivax infections were
associated with higher levels of Treg and IL-10, but lower levels
of DC in the blood. This suggests that Treg are activated by
parasites during acute infections, which then play an immuno-
suppressive role of host cell- and antibody-mediated immunities,
resulting in retarded parasite clearance. While the overall
levels of DC were reduced, the balance between the two cell
types (MDC and PDC) was altered. In addition, our previous
study also revealed an increase in the levels of y8 T cells during
acute P. vivax infection. Therefore, the interactions among
different DC, T cell phenotypes and P. vivax antigens await
further investigations.

Study population

Blood samples were collected from 17 patients with acute P. vivax
infections at two malaria clinics in Mae Sot and Mae Kasa, Tak
province, Thailand. Diagnosis of P. vivax malaria infection was
based on the examination of Giemsa-stained thick blood
films. PCR with four human malaria (P. falciparum, P. vivax,
P. malariae, and P. ovale) species-specific primers was performed
on DNA isolated from blood samples to verify malaria infections.
Only single P. vivax infection was recruited in the experiments.
Blood samples were collected from 25 additional people residing
in the same P. vivax-endemic area. The subjects defined as
“immune controls” have had recent malaria infections and had
anti-P. vivax antibodies determined by ELISA. These immune
controls did not have P. vivax infections at the time of blood
collection as determined by both microscopic and PCR analyses.
Fifteen healthy adults living in Bangkok without previous malaria
exposure or antibodies to malaria parasites were recruited to
serve as “naive controls”. The clinical characteristics of the
subjects are listed in Table 1. This study was approved by the
Committee on Human Rights Related to Human Experimenta-
tion, Mahidol University, and the Ministry of Health, Thailand.
Informed consent was obtained from each individual before the
blood sample was taken.

Preparation and cryopreservation of PBMC
Venous blood from P. vivax patients, inmune controls, and naive
controls was collected in heparinized tubes and PBMC were

separated by gradient centrifugation using Lymphoprep™ (AXIS-
Shied PoC AS, Oslo, Norway) according to the manufacturer’s
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Figure 4. (A-C) FCM analyses of whole blood stained with anti-HLA-DR Per
R2 shows the population of HLA-DR*Lin". (D) Number of MDC and PDC. (E)

AC . NC

CP and Lin FITC, anti-CD11c RPE (for MDC), or anti-CD123 RPE (for PDC
MDC/PDC ratio in the peripheral blood of patients acutely infected wit]

P. vivax (AC) and naive controls (NC). Numbers represent mean +SD. (number of samples: acute infections = 17 and naive controls = 15) Sample

test was used to calculate P value.

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

No. of cases Age (years) Sex Hematocrit (%) Temperature (°C) Parasitemia (%)
M F
AC 17 38+11 (15-52) 7 10 43+7 (35-63) 37.541.3 (35-40) 0.4+0.3 (0.03-1.C
IC 25 38+13 (18-77) 16 9 46+3 (43-48) 36.8+0.4 (36-37) 0
NC 15 29+7 (22-43) 8 7 42+ 4 (37-45) 37.0405 0

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

recommendations. The PBMC pellet was resuspended at a
concentration of 10° cells/mL in RPMI-1640 supplemented with
10% heat-inactivated fetal bovine serum (Invitrogen, Carlsbad,
USA). The viability of PBMC, normally above 98%, was
determined by tryphan blue exclusion. PBMC in 10% dimethyl
sulfoxide were cryopreserved in liquid nitrogen until analysis.

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Parasite cultures and antigen preparations

Crude P. vivax antigens were obtained from P. vivax-infecte
red blood cells. Briefly, P. vivax-infected blood was depleted ¢
white blood cells by filtering through a sterile column of CF1
cellulose (Whatman, Maidstone, UK) and the RBC were washe
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with RPMI-1640 by centrifugation at 1190g for 5min. The
parasites were cultured in an atmosphere of 5% CO,, 5% O,
and 90% N, for 24-30h at 5% hematocrit in McCoy’s SA
medium (Invitrogen) supplemented with 25% human AB
serum until they matured to the schizont stage (>six nuclei).
These mature parasites were enriched by centrifugation on 60%
Percoll (Pharmacia, Uppsala, Sweden) at 1190g for 10 min. The
enriched infected red blood cell pellets were sonicated for 40s at
150watts and the protein concentration was determined by the
Bradford assay (Bio-Rad, Hercules, USA). The vials were then
aliquoted and stored at —70°C until use. Uninfected RBC
were processed similarly and stored at —70°C to be used as a
negative control.

In vitro stimulation of PBMC

PBMC from five healthy donors were used for in vitro stimulation.
PBMC (2 x 10°cells/well) in RPMI-1640 supplemented with
25mM HEPES, 1.8mg/mL bp-glucose, 2mM glutamine,
40 mg/mL of gentamicin, and 10% heat-inactivated fetal bovine
serum were cultured for 5days at 37°C in a humidified chamber
with 5% CO,, 5% O,, and 90% N, in the presence of P. vivax
antigens at a concentration of 1, 10, or 50 pg/mL. Medium alone,
equivalent concentration of RBC extracts or 2 pg/mL of phytohe-
magglutinine were used as negative and positive controls,
respectively. All the experiments were performed in duplicates.
After 5days of activation, the cells were harvested and stained for
Treg marker, CD25 and FOXP3 or 1L-10.

Intracellular staining and FCM analysis

For the three-color FCM analysis, PBMC (10°cells/vial) were
stained with a combination of fluorochrome-conjugated mono-
clonal antibodies (mAbs): RPE-Cy5-labeled anti-CD4 (Caltag,
Burlingame, USA) and RPE-labeled anti-CD25 (Immunotech,
Marseille, France) for 30 min at 4°C and washed with phosphate-
buffered saline (PBS). After staining, the cell pellets were fixed
with a fixative solution and washed with a permeabilizing
solution according to the manufacturer's recommendations
(BioLegend, San Diego, USA). After incubation in the permeabi-
lizing buffer for 20min at room temperature, the cells were
incubated with Alexa fluor® 488-labeled anti-FOXP3 (BioLe-
gend) or FITC-labeled anti-IL-10 for 30 min and then washed
with PBS. Cells were fixed with the fixative solution for data
acquisition and analysis on FACSCalibur using the CELLQUEST
software (Becton Dickinson, San Jose, USA).

Phenotyping of circulating blood DC
Two hundred microliters of whole blood from P. vivax-infected

patients were stained with an antibody mixture containing
lineage-specific mAbs to CD3, CD14, CD19, CD20, CD56, and
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CD66b conjugated with FITC (lin-FITC) (Caltag), antibodies to
CD11c (Serotec, Oxford, UK) and CD123 conjugated with RPE
(BioLegend), and antibodies to HLA-DR conjugated with PerCP
(Becton Dickinson). Stained cells were treated with RBC lysis
solution. At least 2 x 10° cells were analyzed in a FACSCalibur
flow cytometer (Becton Dickinson). HLA-DR*CD123*lin™ cells
were defined as PDC and HLA-DR*CD11c*lin~ as MDC. The
absolute number of circulating MDC and PDC was obtained by
multplying the percentage of MDC or PDC by the number of
leukocytes per milliliter of blood.

Determination of IL-10 by ELISA

Polystyrene immunoplates (Corning, Corning, USA) were coated
with 25 pL of 1 g/mL of anti-human IL-10 mAb (Mabtech, Nacka,
Sweden) diluted in PBS (pH 7.4) and incubated overnight at 4°C.
Each well was blocked with 50 pL of 0.1% bovine serum albumin
for 90 min at room temperature. After five washings with PBS,
25uL of plasma (1:2 dilution) or PBS control were added into
duplicate wells and incubated overnight at 4°C. The plates were
then washed for five times with PBS, after which 25 pL of anti-
human IL-10 conjugated with biotin (dilution 1:2000) were
added and incubated for 90 min at 37°C, followed by the addition
of 25pL of streptavidin-alp-PQ (dilution 1:2000) (Mabtech) at
37°C for 90min. After five final washings, 25pL of p-nitro
phenylphosphate (Sigma, Saint Louis, USA) were added and
incubated for 30-60min in the dark at room temperature.
Enzyme activity was measured by an automated microplate
reader, V-Max (Molecular Device, Sunnyvale, USA) at 405 nm.

Determination of IL-10 gene expression by reverse
transcriptase-PCR

RNA was extracted from six samples after in vitro stimulation
using Trizol® solution (Invitrogen) according to the manufac-
turer’s recommendation. Total RNA was reverse transcribed to
cDNA; primers of the IL-10 gene and amplification conditions
were as described previously [42]. The expression of IL-10 gene
(138bp) was determined in 1.5% agarose gels containing
ethidium bromide. Primers of B-actin were designed as described
previously [43] and used as a control (790 bp).

Data analysis

All data were analyzed using the SPSS program (Version 10.0,
Chicago, USA). The percentages of CD4*CD25%, FOXP3™ Treg,
Trl phenotypes, plasma IL-10 levels, and number of MDC and
PDC both from volunteers and in vitro stimulation were log
transformed to produce normal distributions. Parametric analysis
was performed using transformed data as follows: the mean
percentage differences for Treg phenotypes, IL-10 levels, and
number of MDC and PDC between the groups (i.e. naive controls
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vs.

immune controls, naive controls vs. acute infection, and

immune controls vs. acute infection) were analyzed using the
independent samples t test. The Spearman approach was used to
evaluate the correlation of Trl with FOXP3™* Treg and the
correlation of MDC or PDC levels with Treg. The results were
considered statistically significant (P<0.05) at the 95% confi-
dence interval.
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MTP regulates lipid antigen presentation
beyond CD1d molecules

What activates TCR Vc3-Vd2 cells during
bacterial infection?

While the majority of CD1 family members present lipid antigen to

T cells with diverse TCR-a and -B chains, CD1d lipid antigen
presentation is restricted to the natural killer T (NKT) cells. It is

well established that lipid antigen presentation by CD1d is regulated
by the microsomal triglyceride transfer protein (MTP). What is not
known, however, is whether MTP is also involved in regulating lipid
antigen presentation by other CD1 molecules, namely CD1a, CD1b
and CD1c. Kaser et al. reported that MTP regulates both endogenous
and - surprisingly — exogenous (microbial) lipid antigen presentation
by CD1a, CD1b, and CD1c. As MTP is resident in the endoplasmic
reticulum, the authors conclude that MTP can ultimately function
distally, regulating the presentation of exogenous, endosomally-
loaded, microbial lipid antigens.

aze.wiiev.com://iourngi, '7/ ;¢

DOI: 10. 7002/6_]! 200738102

7 InteCE Decteni cton

Human TCR Vy9-V32 cells recognize non-peptidic ligands in the
absence of MHC and CD?1 restriction. Kistowska et al. investigated
the mechanisms of TCR Vy9-V32 cell activation during bacterial
infections. By infecting DC and monocytes with different bacteria,

the authors show that TCR Vy9- V32 cells are activated by mevalonate
metabolites of host-origin. Bacterial infection induces rapid activation
of the mevalonate pathway by modifying a key enzyme and promoting
the synthesis of a stimulatory endogenous metabolite. Thus

TCR Vy9-V32 cells, by sensing the host mevalonate pathway altered
during infection, immediately provide effector functions, when
bacteria-specific T cells are not yet available.

Kistowska, M. et al., Eur. J. Immuno!l. 2008. 38 2200-220%

hitp: //www 3.interscience.wiiey. mai/ 120775995 febstraci

DOI: 10.1002/€ji.200838366




Wiley Authors ©
in Chemistry

Hoboken, N.J., October 8, 2008—john Wiley & Sons, Inc. (NYSE: |Wa
& JWb) is pleased to announce that all three 2008 Chemistry Nobel
laureates are part of our publishing community. We congratulate Dr.
Osamu Shimomura, Dr. Martin Chalfie, and Dr. Roger Y. Tsien on their
award for having discovered green fluorescent protein and related ma-
rine photoproteins, and for having developed them into highly useful
tools for chemical, biological, and medical analysis. The original disco-
very of green fluorescent protein was reported by Osamu Shimomura
in 1962 in Wiley’s Journal of Cellular and Comparative Physiology.

Wiley Authors Win Nobel Prize in Physiolo
or Medicine for 2008

Embryonic stem (ES) cells hold
promise for providing unlimited
quantities of specialized cells to
treat a wide range of diseases.
Little is known about their proli-
feration and differentiation at low
partial pressures of oxygen (pO,),
even though the early embryo is
normally exposed to such con-
ditions. Powers and co-workers
investigate the effects of oxygen
on undifferentiated mouse ES cell
growth, phenotype retention, and
cellular energetics. Growth rate is
maximal at intermediate pO, and
declines modestly at the extremes
over the range of 285-0 mmHg.
When cultured at low pO, under
conditions that normally maintain
the stem cell state, expression of
self-renewal genes decreases, but
pluripotency is maintained. Follo-
wing a decrease to low pO2, ge-
robic metabolism decreases and

camouflage potential antigens
while maintaining hemoglobit
its native environment (Gund
sen and Palmer, 2007. Biotect
Bioeng 96:1199-1210). PEGyl
ted bRBCS should be physical
capable of oxygen transport w
the human vasculature but ca
we really fool the immune sys
by camouflaging xenogenic ce
with methoxypolyethylene gly:
In this B&B issue, Gundersen
Kennedy and Palmer demons
that we unfortunately cannot
nature yet. The primary xenoa
tigen, Gala(1,3)Gal, still rema
exposed on the surface of the
and is still immunoreactive at
tested levels of PEGylation. Tl
authors recommend a compl
fresh approach using siRNA t
knockout Gala(1,3)Gal synthe
creating a immunologically si
natural, hemoglobin carrier.
Gundersen, S. |. et al., Biotec
and Bioeng. 2008. 101: 337-3.
hitp: / fww3.interscience.wiiev.cor
journal/117946382/abstract

DOI: 10.1002/bit.21908

Hoboken, N.J., October 7, 2008 — John Wiley & Sons, Ing, is pleased
to announce that the Nobel Assembly at Karolinska Institutet has
awarded the Nobel Prize in Physiology or Medicine for 2008 to Prof.
Harald zur Hausen and jointly to Prof. Frangoise Barré-Sinoussi and
Prof. Luc Montagnier.

“\We are honored that all three Nobel laureates are part of our pub-
lishing community. We congratulate Prof. Harald zur Hausen, Prof.
Francoise Barré-Sinoussi and Prof. Luc Montagpnier for this recogni-
tion of their lifetime achievements which have changed the course of
science and medicine, as well as the lives of human beings,” said Mike
Davis, Vice President and Managing Director, Life Sciences.

Prof. Harald zur Hausen, of Germany, receives the Nobel Prize in
Physiology or Medicine for his studies of human papilloma viruses
causing cervical cancer. He is Editor-in-Chief of the International
Journal of Cancer, has contributed several articles to Wiley—Blackwell
journals, and is the book author of Infections Causing Human Cancer,
published by Wiley-VCH in 2006.

Prof. Francoise Barré-Sinoussi and Prof. Luc Montagnier, of France,
were awarded the Nobel Prize in Physiology or Medicine for disco-
vering the human immunodeficiency virus. Both contributed various
articles to Wiley-Blackwell journals and were involved in numerous
book projects.

anaerobic metabolism increases
so that the total ATP generation
rate remains constant. This work
helps us understand the behavior
of ES cells at physiological oxygen
levels.

Powers, D. E. et al.,Biotechnol and
Bioeng. 2008. 101: 241-254.

hitp:/ fwwwi.interscience.wiiev.corn/
journai/119815678 /absiract
DOI.1002/bit.21986

5-zaminolaevulinic acid 2
photodynamic therapy
reduce HSV-1 replicatio
in HaCat cells through ¢
apoptosis-independent
mechanism

In this study, the photo-inact
on of herpes simplex virus ty
(HSV-1) in human keratinoc)
using S-aminolaevulinic acid
[s it Possible to Completely  (5-ala) was investigated. We

Camouﬂage the Surface of  demonstrated that ALA-PDT
Red Blood Cells? ment acts on HSV-1 replicati
only in post-absorption cond
reducing HSV-1 replication b
about 70%. We did not detec
evidence of apoptosis in the

reduction observed after ALA
treatment in keratinocytes. S
data suggest that the target «
photo-inactivation appears tc
viral replication and not a ce
response.

e

The ever increasing shortage

of donated human blood has
prompted the development of
hemoglobin-based oxygen carriers
(HBOCs) for use in transfusion
medicine. HBOCs in development
range from polymerized hemo-
globins to particle encapsulated
hemoglobins. However, by taking
hemoglobin outside of its native
environment—the red blood cell
(RBC)—HBOCs exhibit increased
NO scavenging compared to
RBCs. Previous work addressed
this problem by PEGylating
bovine RBCs (bRBCs) in order to

infectioss Causing
Human Canter

—;\_ymiért-ﬁl. Photoderm. Photoimt
Photomed. 2008 24: 237-243.
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Following on from E|I’s suc-
cessful first Viewpoints on Treg
cells (http://www3.interscience.
wiley.com/journal/117954013/
issue), the latest discoveries and
advances in the field of NK cells
are presented in the November
issue of EJI. Experts such as_James
Di Santo, Hans-Gustaf Ljunggren
and Mark Smyth discuss aspects
ranging from NK cell education
and adaptive immunity crosstalk
through to immunoevasion and
potential therapeutic targets. Find
out more about the latest View-
point series at www.eji-journal.eu
In addition, published articles

on NK cells in recent years in EJl
include:

Allelic expression patterns of
KIR3DS1 and 3DL1 using the
Z27 and DX9 antibodies

John Trowsdale and colleagues
ihtip: //www3.interscience.wiley.com/
journai/i14122280/abstraci

DOI 10.1002/ 10.1002/eji. 200636773

Germ-line and rearranged Tcrd
transcription distinguish bona
fide NK cells and NK-like T cells
Immo Prinz and colleagues

Itip: S hwww3 imerscisnce wilev.corr

cosiraot

DOI 10.1002/ 10.1002/ ji. 200737354

ioum

Coelho et al. have shown, in murine models of monarticular antigen-
induced arthritis, that blockage of the chemokine receptors known as
CXCR1/CXCR2 prevents tissue inflammation, local cytokine produc-
tion, joint damage, and inflammatory pain. The mechanism by which
the drugs (reparixin or DF2162, allosteric inhibitors of CXCR1/CXCR2)
act in the system is by preventing the ability of neutrophils to adhere to
the vascular endothelium in the joint, thus preventing their extravasati-
on and consequent joint damage. In addition to preventing neutrophil
influx and consequent joint damage, the compounds prevented the
local production of tumor necrosis factor (TNF ), suggesting that
neutrophils and their CXCR1/CXCR2 receptors contribute to the local
production of TNF . The authors believe their research suggests that
compounds, such as antagonists of CXCR1/CXCR2 which prevent the
interaction between endothelial cells and neutrophils, may be useful
for the treatment of human arthritis. As well as preventing tissue
inflammation and joint damage, these compounds appear to have
the added benefit of ameliorating the pain associated with arthritis, as
measured by diminished hypernociception.
Coelho, F. M. et al, Arthritis Rheum. 2008. 58: 2329-2337.

<

hitp: /fwww3.interscience.wilev.com/iourngl/i2135801 2 /absirac:

DO!10.1002/art.23622

Balancing tolerance and immunity by B cells

B cells are not only precursors

for antibodyproducing plasma
cells but are also APC. Shah and
Qiao demonstrate another role
for B cells in the maintenance
of a population of Treg. Resting

B cells are shown to support

the survival and expansion of
CD41CD251Foxp31 Treg via the
production of TGF-b3. Production
of TGFb3 by B cells is in turn
down-regulated by TLR signaling
or via BCR cross-linking. Reduced
TGF-b3 secretion by activated B
cells results in decreased survival
and expansion of Treg but incre-
ased expansion of effector CD41 T
cells. Thus, in addition to humoral
immune responses, B cells play
an important role in balancing
T-cell tolerance and immunity,
and in preventing autoimmune
diseases.

Shah, S. et al., Eur. }. Immunol.
2008. 38: 2488-2498

DoI: 10. 1002/eji.200838201
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Multiple sclerosis (MS) is an
inflammatory and autoimmune
disease of the CNS leading to
axonal'and neuronal loss. Using
the standard experimental model
of MS, namely EAE, Fissolo et
al. demonstrated increased and
altered proteasomal activity in
macro- and microglia in the CNS,
as well as in lymphoid tissues,
in comparison with activity in
non-EAE controls. Inhibition of
the proteasome with or without
inhibition of lysosomal proteases
led to amelioration of EAE.

This protective effect is most likely
due to a reversal of the effects of
proteasomal activation, such as
increased availability of antige-
nic peptides, up-regulation of
proinflammatory molecules and
changes in histone de-ubiquitina-
tion. These novel findings indicate
that understanding proteasomal
activity in the CNS may be a key to
a better understanding of neuro-
degenerative diseases.

Fissolo, N. et al., Eur. J. Immunol.
2008. 38:2401-2411
htin:/ fwww3linierscience. wilev.com /
journa!/12140741%/abstract

DOI: 10.1002/¢ji.200838413
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Performing aseptic survival surgery in rodents can be challenging. This unit describes some basic
principles to assist clinicians, researchers, and technicians in becoming proficient in performing
aseptic rodent surgery.

Curr. Protoc. Imimmunol £2: 1.72.1-1.12.14.

Unit 2.4 Froduciion of Polyclanal Antisera

Much of modern biology and biochemistry relies on the availability of highly specific antibodies for use
such ubiquitous techniques as immunohistochemistry, ELISAs, immunoprecipitation, and immunoblo
Thus, the generation of large quantities of specific antibodies directed to proteins or peptides of intere
is essential to the success of both basic and applied research programs. In addition, with the advent of
antibody-based proteomic strategies for profiling protein expression and post-translational modificatio
a requirement for timely production of specific antibodies has emerged. Polyclonal antibodies derived f
animals immunized with purified proteins or peptides are particularly valuable for use in the laboratory
This unit provides protocols for the production of polyclonal antisera specific for protein antigens in
rabbits, rats, mice, and hamsters.

Curr. Protoc. immuncl. £2: 2.4.1-2.4.70.

Unit 7.10 Measurement of Proliferative Responses of Cultured Lymphocytes

Measurement of proliferative responses of human lymphocytes is a fundamental technique for the
assessment of their biological responses to various stimuli. Most simply, this involves measurement o
the number of cells present in a culture before and after the addition of a stimulating agent. This unit
contains several different prototype protocols to measure the proliferative response of lymphocytes
following exposure to mitogens, antigens, allogeneic or autologous cells, or soluble factors. Each of th
protocols can be used in conjunction with an accompanying support protocol which contains methods
pulsing cultures with [3H]thymidine and determining incorporation of [3H]thymidine into DNA or asse
cell proliferation by nonradioactive methods, e.g., reduction of tetrazolium salts (MTT). The protocols
described here provide an estimate of DNA synthesis and cell proliferation in an entire cell population,
but do not provide information on the proliferation of individual cells. A protocol for CFSE labeling alle
specific subpopulations of cells to be separated viably for further analysis.

Curr. Protoc. immuns! 82:7.10.7-7.710.24.

Unit 20.2 ErbB2 Transgenic Mice: A Tool for Investigation of the Immune Preventior
and Treatment of Mammary Carcinomas

The epidermal growth factor receptor belongs to a superfamily of receptor tyrosine kinases (RTK) that
includes ErbB2. ErbB2 is involved in normal physiological processes, such as embryogenesis, cell
proliferation, differentiation, adhesion motility, and apoptosis, while its malfunction or overexpression
responsible for development defects, diabetes, and cancer. The human ortholog of ErbB2 is referred a:
Her-2 (human ErbB2) while the rat ortholog is referred as neu (rat ErbB2). As ErbB2 is directly involvec
carcinogenesis, mice transgenic for the rat neu oncogene allow straightforward assessment of the abil
of drugs and vaccines to inhibit the progression of neu-driven cancer. Information from this model me
provide indications on the efficacy of similar treatments in patients. This commentary provides key
information regarding the use of these transgenic mouse models for evaluation of the efficacy of anti-t
strategies.
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Disrupted cells in
with TLR-mediz
DC activation
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laria is famous amongst
munologists for its chameleon-
: camouflage ability and

ision of the immune system.
gpatarapongsa et al. explored
various mechanisms exploited
malaria parasites to elude
immune system. Acute
smodium vivax infection

ds to activation of two Treg
»populations, FOXP31 Treg

1 Tr1 cells. The authors report
association between the level
lreg, IL-10, plasmacytoid

and myeloid DC during

ite P. vivax malaria. While
overall levels of DC were
uced, the balance between the
» DC types was found to be
:red. These findings indicate
munosuppression of both cell-
1 antibody-mediated immunity
ulting in hindered parasite
arance.

gpatarapongsa, K. et al., Eur. .
munol. 2008. 38: 2697-2705

i/ fwww.interscience.wiley.com/
nal/121426028/abstract

1: 10.1002/ji.200838186

Investigating experimental arthri-
tis in rats, del Rey et al (p. 3090)
have provided the first evidence
that changes in cytokine expres-
sion in the hypothalamus are ob-
served during a specific peripheral
immune response. In their study,
this response resulted later in the
development of type Il collagen
(Cll)—=induced arthritis, a model
that has many features in com-
mon with human arthritis. Additi-
onally, the researchers found that
the cytokine-mediated brain—joint
communication is disrupted
during the development of the
disease. This disruption results in
an interruption of two main anti-
inflammatory pathways controlled
at the central nervous system
(CNS) level—the hypothalamus—
pituitary—adrenal (HPA) axis and
the sympathetic nervous system
(SNS)—which may contribute to
aggravated disease. The authors
noted that although defects in
these pathways have been previ-
ously described in patients with
rheumatoid arthritis (RA), it was
not known that central mecha-
nisms might be involved in these
alterations. While it was already
known that proinflammatory
cytokines are expressed in parallel

“in the CNS and in the periphery

following acute immune challen-
ge, the researchers observed that
immunization with Cll antigens
induces increased hypothalamic
expression of interleukin-1 (IL-1)
and IL-6 prior to the enhanced
production of these cytokines in
the periphery. Paradoxically, such
increase in the brain disappears
when arthritis is manifested and
there is maximal production of
proinflammatory cytokines in the

periphery.

conc

del Rey, A. et al., Arthritis Rheum.
2008. 58: 3090-3099.

DOI. 10.1002/art.23869

humour

: TLRligands cefl lysats

immature DC activated DC

Effective anti-tumour adaptive
immunity requires efficient
delivery of tumor-associated
antigens in the context of
appropriateinnate immune
activation. Both freeze-and-thaw-
disrupted tumour cells and DC
activation by TLR ligands have
been studied extensively for anti-
gen delivery and innate immune
activation, respectively. Never-
theless, little is known about DC
activation in response to TLR
ligands in the presence

of freeze-and-thaw-disrupted
tumour cells. Tirapu et al.
reported that disruption of
membrane integrity does not
affect the uptake of tumourcell
material by DC, but suppresses
the responsiveness of DC to
TLR-mediated activation. The
inhibitory activity associated with
disrupted cells is neither cell type-
nor species-specific, is instantly
accessible upon freeze-and-thaw-
disruption, and appears to be
independent of phosphatidylse-
rinemediated inhibition of DC
activation.

Tirapu, I. et al., Eur. J. Immunol.
2008. 38: 2740-2750

http:/ Jwww 3. interscience.wiiey.com /
Jjourmai/121416311 /abstract
DOI: 10.1002/eji.200838284
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Summarising the findings of the

important recent 25th Anniversary

HIV meeting held at the Institut
Pasteur in Paris, this review by
Scherer, Douek & McMichael
provides an important overview
of current research endeavouring
to find the elusive cure for this
devastating condition. We are
grateful to the authors for their

special attention to this important

commission that complements

the excellent historical perspective
provided earlier this year by Robin
Weiss. Both papers are of especial

interest in the light of the recent
Nobel announcements regarding
Francoise Barré-Sinoussi & Luc
Montagnier.

Scherer, E., et al., Clin. Exp.
Immunol. 154: 6-14.

hitp:/ fuvow 3.interscience.wiley.con/
Joumai/121392066/absiract

DOI: 10.1111/j.1365-2249
.2008.03750.x

The T-cell rece,:fo‘
repertoire of regulatory
T ceils

The CD4+ CD25+ regulatory
population of T cells (Treg cells)
is the key component of the
peripheral tolerance mechanism
that protects us from a variety
of autoimmune diseases.
Experimental evidence shows
that Treg cells recognize a wide
range of antigenic specificities
with increased reactivity to self
antigens, although the affinity of
these interactions remains to be
further defined. In this review,
Pacholczyk & Kern discuss

how different features of the
Treg repertoire influence our

understanding of Treg specificities
and the role of self reactivity in the

generation of this population.
Rafal Pacholczyk and Joanna Kern
Immunology 125: 450-458

doi: 10.111 1/j.1365-2567.2008.02992.x

Kaplan, D. H. et al,, Eur. ).

lmmmunol 2008 38:2369-2376.
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Winslow, G. M., etal.,,
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vtokine Gene Polymot-
hisms in Recurrent

zneous Abortions:
prchensive Review
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Choi, Y. K. and Kwak-Kim, J. Am. J.
Reprod. Immunol. 60: 91-110.
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Translation of novel
immunotherapies into the human
setting represents an ongoing
challenge for researchers. Pooling
of knowledge from relevant
arenas — such as trials involving
monoclonal/recombinant
antibodies — may be key to
developing the means to both
predict desired responses, and
anticipate deleterious ones.
Anti-D therapy for haemolytic

disease of the newborn represents

an established therapy where
alternatives to plasma-derived
polyclonal 1gG, in the form

of monoclonal/recombinant
antibodies, have been sought.
As it involves a well-established
intervention, this transition may

represent an ideal means by which
to observe the particular response

characteristics engendered by
antibodies produced by, for
instance, different expression
systems. This review by Kumpels
et al. summarises trial data
hitherto and speculates on what
might be learned — with particular
reference to the TGN1412 trail in
which unintended consequences
played such a drastic role.

B. M. Kumpel Clin Exp Immunol
154: 1-5

htte:/ fwww3.interscience.wiley.com /
2138587 i /absiract

doi: 10.1111/j.1365-2249.2008.03735.x

£ chrematic explesion:
the evelopment and fu
of muitiparameter flow
cyicmetry ‘

Multiparameter flow cytomet
has matured tremendously
since the 1990s, giving rise tc
a technology that allows us
to study the immune system
in unprecedented detail. In
this article, Chattopadhyay,
Hogerkorp & Roederer reviev
the development of hardware
reagents, and data analysis tc
for multiparameter flow cytor
and discuss future advances
the field. Finally, we highlight
new applications that use thi
technology to reveal previous
unappreciated aspects of cell
biology and immunity.

Pratip K. Chattopadhyay, Car
Magnus Hogerkorp and Mar
Roederer Immunology 125:
44] -449

hitn: [ funww 3.inierscience.wiley.co:
joumaz/77149377 /abstract
doi: 10.1111/.1365-2567.2008.0:



Monoclonal antibodies (mAbs)
are increasingly used to treat
human diseases, but as they are
predominantly generated from
mouse hybridomas their applica-
tion has been hampered by their
immunogenecity. To minimize
antigenic reactions, researchers
from Genmab in The Netherlands
established a transgenic mouse
platform for the routine produc-
tion of fully humanized mAbs.

In an overview of recent clinical
research, the authors describe
efficacy and mechanism of action
of three novel humanized mAbs
derived from this platform.
Zanolimumab, Ofatumumab
and Zalutumumab are designed
to target CD4, CD20 and the
epidermal growth factor receptor
overexpressed on cancer cells
and to attract cytotoxic reactions
against them. All three humanized
mAbs show improved efficacy in
treatment trials of T-cell lympho-
mas, B-cell leukemias and head
and neck cancer.

Ruuls, S.R. et al., Biotechnol. J.
2008, 3: 1157-1171.

http: / fwww3.interscience.wilev.corn /
Journal/121377802 jabstract

DOI. 10.1002/biot.200800110

The ability of IL-4 to antagonize
antitumour immunity is well
recognized. What is less known,
however, is the role of IL-4 in
effector CD8 T-cell trafficking.
Sasaki et al. showed that IL-4
suppresses the migration of pro-
tective CD8 T cells into tumor lesi-
ons. IL-4 is expressed by various
immune cells as well as cancer
cells. In tumor-bearing animals,
IL-4 suppresses expression of the
integrin VLA-4. Suppression of
VLA-4 renders antitumor CD8 ef-
fector T cells incapable of binding
to their molecular counterpart,
vascular cell adhesion molecule-1
(VCAM-1) which is expressed on
the tumor-associated vasculature.
As a consequence, these anti-
tumor effector T cells fail to infil-
trate tumor and prevent disease
progression. Interestingly, the
inhibitory effect of IL-4 on VLA-4
expression is reversed by IL-12
but not IFN-g. The current results
suggest that there may be yet ano-
ther level to the intricacies of IL-4,
IL-12 and IFN-g interactions.
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Introduction

Summary

Plasmodium falciparum infection causes transient immunosuppression
during the parasitaemic stage. However, the immune response during simul-
taneous infections with both P. vivax and P. falciparum has been investigated
rarely. In particular, it is not clear whether the host’s immune response to
malaria will be different when infected with a single or mixed malaria species.
Phenotypes of T cells from mixed P. vivax—P. falciparum (PV-PF) infection
were characterized by flow cytometry, and anti-malarial antibodies in the
plasma were determined by an enzyme-linked immunosorbent assay. We
found the percentage of CD3*82*-T cell receptor (TCR) T cells in the acute-
mixed PV-PF infection and single P. vivax infection three times higher than in
the single P. falciparum infection. This implied that P. vivax might lead to the
host immune response to the production of effector T killer cells. During the
parasitaemic stage, the mixed PV-PF infection had the highest number of
plasma antibodies against both P. vivax and P. falciparum. Interestingly,
plasma from the group of single P. vivax or P. falciparum malaria infections
had both anti-P. vivax and anti-P. falciparum antibodies. In addition, anti-
genic cross-reactivity of P. vivax or P. falciparum resulting in antibodies
against both malaria species was shown in the supernatant of lymphocyte
cultures cross-stimulated with either antigen of P. vivax or P. falciparum. The
role of 82 = TCR T cells and the antibodies against both species during acute

mixed malaria infection could have an impact on the immunity to malaria
infection.

Keywords: antibody response, CD4* T cells, CD8* T cells, gamma delta T cells,
infections

host’s immunity and the two malaria species may take place
during acute infection.

Mixed malaria infection is common and has been reported
in many parts of the world where malaria is endemic [1-5].
In regions with low malaria endemicity regions, especially in
Thailand, mixed infection with Plasmodium falciparum (PF)
and P. vivax (PV) is common. These co-infections can be
either simultaneous or sequential. Previous studies have
shown that mixed PV-PF malaria infection is less severe than
the single P. falciparum infection in terms of lower frequency
of anaemia, treatment failure and clinical outcomes for the
patients [6]. Moreover, mixed PV-PF malaria infection is
approximately a quarter as severe as single P. falciparum
infection [7]. It is conceivable that interaction between the

The immune mechanism plays an important role in
resisting malaria and other infectious diseases [8]. Immu-
nity to malaria induced by different plasmodia species
may give various outcomes. Immunity to P. falciparum
is still controversial. Previous study has shown immuno-
suppression in acute P. falciparum leading to a lower abso-
lute number of CD3* T cells [9], although the overall
percentages of CD4" and CD8" T cells are not changed
[9-11]. On the other hand, during acute P. vivax infection,
the percentage of CD4* but not CD8"* T cells is elevated,
whereas the number of antibodies against this parasite is
low [12].

© 2009 British Society for Immunology, Clinical and Experimental Immunology 1
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Table 1. Information and dlinical data* of mixed Plasmodium vivax-P. falciparum (PV-PF), single P. vivax, single P. falciparum infections and naive

controls
Naive controls Mixed species P. vivax P, falciparum

No. of patients 50 17 63 63
Age (year)* 39 51 279 3113 28 £ 82

Male 45 14 51 54

Female 5 3 12 9
Temperature (°C)* 36-5 * 0-5 385+ 0-8 373 £0-8 38+ 13
Parasitaemia (%)* 0 1-8 £ 2F 0-2 =02 19+ 2-1

0-07 = 0-1*

Haematocrit (%)* 42 * 5.3 376 73 40 + 42 41 * 8.5

*Mean * standard deviation. 'P. falciparum; *P. vivax.

¥ST cells play a role in linking the innate and adaptive
immunities against the broad range of parasites [13—15].
These 3T cells recognize non-peptide phosphoantigens of
the microbes leading to the release of cytokines such as
tumour necrosis factor (TNF)-o. and interferon (IFN)-v,
and therefore exert the effector function, i.e. cytotoxicity
and natural killing [16-18]. Generally, CD3*82'T cells
predominate in the peripheral blood in response to
many infectious agents such as Mycobacterium spp. [19],
Pseudomonas aeroginosa and Escherichia coli [14]. In cases
of P. vivax malaria, the elevation of CD3*862* T cells is
observed in peripheral blood but not in P. falciparum
malaria infection [12]. The natural immune response
against malaria in hosts during acute mixed PV-PF malaria
infection has been investigated rarely. So far, only one study
from Ethiopia has shown that yOT cells are increased in
mixed PV-PF malaria infection and single P. falciparum
infection, but not in P. vivax infection [10]. However, suc-
cessful immunity to malaria required both cell-mediated
and humoral immune responses. Therefore, in this study,
we characterized the natural immune response during
acute mixed PV-PF malaria infection in patients who live in
areas of Thailand where malaria is endemic. Understanding
both cell-mediated and humoral responses may disclose the
roles of the host’s immunity to the two malaria species.

Materials and methods

Sample collection

Blood samples were collected in 20 pl of heparin from 17
acutely mixed PV-PF malaria-infected individuals, 63 P.
vivax- and 63 P. falciparum-infected individuals at malaria
clinics in Mae Sot, Tak province, Thailand; 50 malaria naive
volunteers from non-malaria endemic areas were recruited
as naive controls. Diagnosis of malaria infection was based
on the examination of Giemsa-stained thick and thin blood
films. Recruitment criteria were: age = 15 years; body
temperature < 40°C; systolic blood pressure = 90 mm;
haematocrit = 25%. Clinical data are shown in Table 1. This-
study was approved by the Committee on Human Rights

© 2009 Briti

Related to Human Experimentation, Mahidol University,
Bangkok. Informed consent was obtained from each indi-
vidual before blood samples were taken.

Preparation of peripheral blood mononuclear cells
(PBMCs)

PBMC:s were separated from the collected blood by gradient
centrifugation at 800 g for 20 min using Lymphoprep™
(AXIS-Shield PoC AS, Oslo, Norway). PBMCs were washed
twice with RPMI-1640 by centrifugation at 800 g for 10 min
and resuspended in RPMI-1640 containing 10% fetal calf
serum (FCS). The viability of the PBMCs was determined by
trypan blue exclusion dye. PBMCs (107 cells/ml) diluted in
Cell banker® (Nihon Zenuaku Kohgyo, Japan) were stored in
liquid nitrogen until further analysis.

Antigen preparation

White blood cells were depleted from P. vivax-infected
blood by filtering through a Plasmodiper® (Whatman,
Maidstone, UK). The red blood cells were washed twice
with RPMI-1640 by centrifugation at 1190 g for 5 min. The
parasites were cultured at 5% haematocrit in McCoy’s
medium (GiBco, Carlsbad, CA. USA) supplemented with
25% human antibody serum for 24-30 h in 5% CO, until a
mature schizont of P. vivax appeared [20]. P. falciparum
culture was performed as described previously [21] in
RPMI-1640 medium supplemented with 10% human
serum until a mature schizont of P. falciparum appeared. P.
vivax and P. falciparum parasites were separated by cen-
trifugation on 60% Percoll®. The infected red blood cell
(iRBC:s) pellets were pulsed for 40 s on ice at 150 watts and
stored at —70°C to be used in a lymphocyte stimulation
assay and enzyme-linked immunosorbent assay (ELISA).
The protein concentration of the P. vivax schizont extract
(PvSE), and P. falciparum schizont extract (PfSE) was deter-
mined by a Bradford assay (Bio-Rad, Hercules, CA, USA).
Uninfected red blood cells (uRBC) were processed similarly
and used as control protein.

sh Society for Inmunology, Clinical and Experimental Inmunology



Antigenic cross-stimulation of lymphocytes

To investigate the antigenic cross-reactivity between P. vivax
and P. falciparum parasites. PBMCs from a single P. vivax or
P. falciparum infection were stimulated with PfSE and PvSE.
The PBMCs were cultured at (2 x 10° cells/100 pl/well) in a
HEPES-buffer RPMI-1640 supplemented with 10% FCS.
The PvSE, PfSE and uRBC at 10 p1g/100 pl and 100 pg/100 pl
were added to each well. The cell quality control of the
PBMCs was tested with a medium containing 10 pg/100 pl
of phytohaemagglutinin (PHA) and incubated at 37°C in 5%
CO; for 5 days. The culture supernatant was stored at —20°C
for further investigation of cross-reactivity.

Flow cytometric analysis

Phenotyping of T cells was performed by three-colour flow
cytometry (FACScan; Becton Dickinson, Oxford, UK).
PBMCs (10° cells) were stained with the following three-
colour combinations of fluorescent dye conjugated with
antibodies that were specific to T cell surface markers: fluo-
rescein isothiocyanate (FITC)-conjugated antibody to CD4,
R-phycoerythrin (R-PE)-conjugated antibody to CD3 and
R-PE-cyanine 5 (R-PE-Cy5) conjugated antibody to CDS8;
and FITC-conjugated antibody to §2* TCR T cells and R-PE
antibody to CD3 (Caltag, Burlingame, CA, USA) for 30 min
at 4°C. After staining and washing, the cells were fixed with
1% paraformaldehyde in PBS pH 7-4 and analysed using
CellQuest software (Becton Dickinson, San Jose, CA, USA).

Determination of antibodies against parasite antigen of
P. vivax and P. falciparum antigen

Two methods were used to determine anti-malarial
antibodies.

Enzyme-linked immunosorbent assay. Fifty ml of 10 pg/ml
(PBS, pH 7-4) PvSE and PfSE were incubated overnight at
4°C in a 96-well polystyrene immunoplate (Corning, NY,
USA). The immunoplate was blocked with 100 pl/well of
blocking buffer (0-5% boiled casein in PBS and 0-05% Tween
20) for 2 h at room temperature. After three washings, 50 pl
of serum (1 : 100 dilution in PBS pH 7-4) were added into
duplicate wells and incubated overnight at 4°C. After
washing with 0-05% Tween 20 in PBS, pH 7-4, 50 ul of
horseradish  peroxidase-conjugated goat anti-human
immunoglobulin G (IgG) (Caltag) and 50 pl of 2,2"-azino-
di-(3-ethylbenzthiaoline sulphonic acid) containing 50%
hydrogen peroxide (Kirkepaard & Perry Laboratories, Gaith-
ersburg, MD, USA) were added sequentially to each well and
incubated for 1 h at room temperature. Enzyme activity was
measured by microplate reader, Wallac Victor (Perkin Elmer,
Jiigesheim, Germany) at 405 nm. The levels of anti-P. falci-
parum and anti-P. vivax antibodies were expressed as a ratio
increase in a median optical density (OD) compared to naive
controls.

P vivax helps to reduce malaria severity

@ % P = 0-027 o 35
] 3 3.0
© P=0-013 E s
| —— ] X
S0 5
= o 20
e 15
£
g10 O 1.0
3 305
5 0-
N o
e L
S oF @ NN
LRI PN N
Wet g Ve o
Q® Q

Fig. 1. Phenotyping of T cells in mixed Plasmodium vivax—

P. falciparum (PV-PF), P. vivax, P. falciparum malaria infection and
malaria naive controls determined by flow cytometry. Data are shown
as interquartile ranges (box plots), maximum and minimum
(upper—lower line) and bars indicate median. (a) CD3*32* T cells;
(b) CD4*: CD8* T cells.

Immunofluorescence assay (IFA). The pellets of infected red
blood cells by P. vivax and P. falciparum parasites were
spotted, dried and fixed on the multi-well slides. The cul-
tured supernatant from PvSE-stimulated lymphocytes and
PfSE-stimulated lymphocytes was added to the multi-well
slides and incubated in a humidified box at room tempera-
ture for 1-5 h. The slides were then washed three times for
5 min. The multi-well slides were then incubated with goat
anti-human IgG conjugated to FITC (Serotec, Oxford, UK).
The slides were washed three times and mounted with a
coverslip using 50% glycerol in PBS and then analysed with
a fluorescence microscope.

Statistical analysis

The phenotypes of lymphocyte were analysed using the spss
program (version 11-5; SPSS Inc., Chicago, IL, USA). To
compare the phenotype of T cells in different groups, these
data were log-transformed in order to obtain a normal
distribution. Statistical significance was determined by one-
way analysis of variance (aNova). Non-parametric analysis
(two independent samples) and Mann-Whitney U-test were
used to determine the significance levels of anti-P. falciparum
and anti-P. vivax antibodies. The results were considered
significant at P < 0-05.

Results

Phenotypes of T cells

Flow cytometry was used to identify subsets of T cells,
including CD4*, CD8" and CD3*82* (Fig. 1). The median
percentage of CD3*82" T cells was significantly higher in
acute mixed PV-PF malaria infection (7-4%) compared with
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Fig. 2. Antibodies to Plasmodium vivax (PV) and P. falciparum (PF)
in mixed PV-PF, P. vivax, P. falciparum malaria infection, and malaria
naive controls determined by enzyme-linked immunosorbant assay.
Data are shown in median ratio and bars indicate median of the
ratios. (a) Anti-P. vivax antibodies; (b) anti-P. falciparum antibodies.

acute P. falciparum infection (2-3%, P < 0-01) and naive con-
trols (1-8%, P < 0-03). There was no difference in CD3*52*T
cells between acute P, vivax and the mixed malaria infections
(7-4% versus 5-9%, P> 0-05). The median percentage of
CD4* and CD8" T cells in the mixed malaria infection
(36:7% and 24-6%, respectively) was similar to that of the
single P. vivax (29-2% and 25-5%, P > 0-05) and P. falciparum
infection (44-8% and 23-5%, P > 0-05) and these levels were
not different from the naive controls (44-7% and 24-0%,
P> 0-05).

Antibodies to P. falciparum and P. vivax protein
extracts

Antibodies to the parasite protein extracts in the plasma were
determined and are shown in Fig. 2. Both mixed malaria and
single malaria infections had antibodies against P. vivax
and P. falciparum antigens. Interestingly, the mixed infection
had the highest plasma levels of antibodies to both P. vivax
and P. falciparum antigens [13-fold (P> 0-05) and 24-fold
(P < 0-04), respectively] compared with those of the naive
controls. The single P. falciparum group had an increased
ratio of antibodies to the P. vivax (sixfold, P > 0-05) and P.
falciparum infection (10-fold, P > 0-05). The single P. vivax
group had a sixfold increase of anti-P. vivax and anti-P. fal-
ciparum antibodies compared with the naive control. Of the
three malaria infection groups, anti-P. falciparum antibodies
were significantly higher in the mixed PV-PF malaria infec-
tion (P < 0-04) compared with each single malaria infection
group, as shown in Fig. 2b. Antibodies specific to P. vivax
protein extracts were low in all groups, as shown in Fig. 2a.

Cross-reactivity of antibodies to P. vivax and
P. falciparum parasites

The plasma antibodies of the single malaria infections, either
P. vivax or P. falciparum, showed reactivity with the other

malaria species regardless of the species that had currently
caused the infection. Interestingly, the supernatant collected
from the PvSE- or PfSE-stimulated lymphocytes of the single
P. falciparum infection produced both anti-P. vivax and
anti-P. falciparum antibodies. Similarly, the supernatant col-
lected from the PfSE- or PvSE-stimulated lymphocytes of the
single P. vivax infection also produced both anti-P. vivax
and anti-P. falciparum antibodies. The antibodies showed
strongly positive with mature stages of both parasites as
determined by the IFA (data not shown). The supernatant
collected from the malaria PvSE- or PfSE-stimulated lym-
phocytes of the malaria naives showed no reactivity with any
parasite.

Discussion

The objective of this study was to characterize the profiles of
T cells and the response of antibodies to blood stage antigens
of both P. vivax and P. falciparum during acute mixed-
malaria infection. Our study gave novel evidence of the
natural immune response of YT cells against mixed malaria
infection, were modulated by P. vivax and their role in the
reduction of malaria severity caused by P. falciparum. The
percentage of CD3*52*T cells were increased significantly in
acute mixed and single P. vivax infections compared with
these of the naive controls, whereas only a low level of these
cells was found in acute P. falciparum patients. The
CD4:CD8 ratio did not show any difference between
malaria patient groups, which was in line with previous
studies [9-11]. These results suggested the role of CD3*62*T
cells in the development of the cell-mediated immunity
during mixed malaria infection.

The y8T cells inhibit development of the pre-erythrocytic
stage of P. yoelii in a mouse model lacking afy T cells [22],
and the a-galactosyl-ceramide (a-GalCer)-activated natural
killer (NK) T cells protect mice from P. yoelii infection [23].
Moreover, 8T cells, NK, NK T cells and macrophages har-
boured in the liver where the pre-erythrocytic stage of
malaria are presented may boost the immunity to malaria
infection [24] more effectively than those malaria having
only the erythrocytic stages.

The YT cells control the expansion of P. chabaudi in a
mouse model [25] and inhibit growth of P. falciparum para-
sites [26] through the release of granulysin [8]. The elevation
of CD3*82* T cells in acute P. vivax infection conceivably
plays a similar role to that in P. falciparum infection. Inter-
estingly, a greater elevation of the CD3*32* T cells was shown
in the mixed malaria infection and the single P. vivax infec-
tion compared with that of the P. falciparum infection. By
contrast, a previous study in Ethiopia showed that there was
no difference in CD3*82* T cells in mixed PV-PF malaria
infection compared with single P. vivax or P. falciparum
infection. However, the CD3*81* T cells, having a killer effec-
tor function, were more numerous in the single P. falciparum
and mixed PV-PF malaria infections [10].

4 © 2009 British Society for Immunology, Clinical and Experimental Immunology



Our data showed no correlation between the percentage of
CD3*82* T cells and the number of P. vivax parasites or the
number of the P. falciparum parasites. Nevertheless, the
lower number of P. falciparum parasites in the mixed malaria
infection, as opposed to that in the single P. falciparum infec-
tion, suggested that P. vivax might activate the effector killer
function of the CD3*82* T cells resulting in the inhibition of
P. falciparum growth.

When P. vivax was co-infected with P. falciparum in the
malaria infection, patients had a higher fever than those with
single P. falciparum or single P. vivax infections [27]. High
temperature is shown to kill P. falciparum parasites in in vitro
studies [28,29]. In addition, serum from a P, vivax-infected
donor during paroxysm inhibits maturation of P. falciparum
schizonts [30]. Together, these data support the notion that a
mechanism by which P. vivax controls the expansion of P
falciparum in mixed malaria infection could be via the
induction and persistency of high fever in patients, particu-
larly the high systemic temperature in the organs where P.
falciparum sequestered. Therefore, if this can be established,
the vaccine development imperative against P. falciparum
infection and severity may derive from the combination of P
falciparum antigen and the antigen candidate from P. vivax.

Antibodies to malaria, although short-lived, are the
primary mechanisms of defence against parasitic infection
[31]. Induction and maintenance of anti-malarial antibodies
requires repetitive infections [32,33]. Evidence such as the
existence of the asymptomatic parasitaemic individual con-
firms development of immunity against malaria [34,35].
Recently, a study has shown that the incidence of severe
malaria in patients with mixed PV-PF malaria infection is 4-2
times less than that in P. falciparum infection alone [7].

In this study we have shown that the anti-P. falciparum
and anti-P. vivax antibody levels in the mixed malaria infec-
tion were higher than those of the single P. vivax or P. falci-
parum infections. Our data provide a new basis to support
previous findings that, on one hand, development of a cross-
immune reactivity between P. vivax and P. falciparum during
acute mixed infection could be due to the activation of a pool
of memory T cells having specificities to both P. vivax and P.
falciparum antigens. These cells co-existed in the residents of
the endemic areas where there is regular exposure to malaria
parasites.

On the other hand, the antigenic cross-stimulation by P
vivax antigens sharing common epitopes with P. falciparum
[36] results in the cell-mediated and antibody responses at
high levels against P. falciparum during the acute phase of
infection. Further investigations in the different geographi-
cal endemic areas are needed to verify the two categories. To
stratify this finding further, we performed an in vitro T cell
stimulation assay using PvSE and PfSE antigens derived from
P vivax and P. falciparum, respectively, to stimulate the
PBMCs from acute single P. vivax or single P. falciparum
* infections with the two antigens. Both anti-P. vivax and
anti-P. falciparum antibodies, tested by the IFA, were found

P vivax helps to reduce malaria severity

in the supernatant collected from these assays, regardless of
the parasite species which caused the infection. This sug-
gested that the patients had developed antigen-specific
memory T cells against both P. vivax and P. falciparum para-
sites which were activated upon re-exposure to either P. vivax
or P. falciparum antigens. Supporting evidence from a study
in Thailand shows the antibody cross-reactivity from a single
P. vivax-infected patient against both the schizont extract of
P. falciparum parasite and the PfMSP1,, parasite protein
[30]. In addition, the cross-reactivity between anti-PvMSP5
and anti-PfMSP5 antibodies was observed in single P. vivax
or single P. falciparum infections [37]. Our findings were also
supported by the evidence from an epidemiological obser-
vation and cross-sectional study [2], during a wet season,
which showed that the dominant parasite is P. falciparum
whereas P. vivax dominates during the dry season. Overall
immunity, effector T cells and anti-malaria antibodies to
malaria among the residents of endemic areas would be
strengthened by the existence of P. vivax.

In summary, our results indicate the possibility of P. vivax
suppressing P. falciparum parasites, because P, vivax induces
CD3*82'T cells which are effector T killer cells. P, vivax infec-
tion also elevates anti-P. falciparum antibodies during the
acute phase, and induces a very high fever. These findings
suggest that the interaction between the host and P, vivax
parasites could offer protection as demonstrated in the
mixed PV-PF malaria infection. However, further clinical
and experimental research is needed in order to verify these
assumptions. Furthermore, in single P. vivax or P. falciparum
infection, similar levels of T helper type 1 (Th1)/Th2 cytok-
ine responses are shown [38]. Clarification of such responses
to mixed malaria infection in man, i.e. conversion between
Thl- and Th2-type responses, are of interest and require
further investigation. '
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Infection with P. vivax induces memory and regulatory T cell activation during
infection. Here, we investigated the characterization of lymphocyte respoﬂse during
P. vivax infection compared with P. falciparum by using in vitro stimulation assays.
Our result showed the elevation of CD4*, CD8" and y8'T cells in acute P. vivax
patients and after stimulation with crude P. vivax antigens by significantly showing in
CD4" T cells. The acute P. vivax patients showed antibody responses, approximately
sixty percent of P. vivax patients had a two-fold increase of antibody level compared
with naive controls. Further, antibody levels increased in corresponding to antibody
level in each patient after stimulation with P vivax antigens. In comparison, the level
of CD8" and y8 T cells increased in acute P. falciparum patients whereas CD4" T
cells were significantly reduced. The stimulation of PBMCs from acute patients
showed no significantly response of CD4" CD8" and y8" T cells. Importantly, crude
P. falcz:parum antigens significantly induce B-cell expansion and antibody production
in vitro, indicating a major role of humoral immunity in P. falciparum infection. T-
cell apoptosis is one mechanism to impair cell-mediated immunity in malaria. CD4"
and CD8" T cell apoptosis were increased in both acute P. falciparum and P. vivax
patients and they were significantly heightened upon antigen stimulation. In this
study, we compared the natural response of lymphocyte between P. vivax and P.
falciparum infection. Crude P. vivax antigens stimulated lymphocyte expansion by
predominantly increase of CD4" cells and induced antibody response. However, T
cells of P. falciparum patients lowly responded to crude antigens. The expansion of
B-cell and antibody levels upon stimulation suggests the major role of humoral
immunity in development of naturally acquired immunity in P. falciparum. The
induction of CD4" T cell apoptosis is common strategy in two human malaria for

impairment of natural immune response.

Malaria is one of the most serious infectious diseases widely distributed in tropical
and subtropical countries. Global burden is estimated more than 500 million cases per
year. Most of these cases are caused by P. falciparum and P. vivax [21]. P.
falciparum is a significant cause of mortality; severe anemia, cerebral malaria, and

acute renal failure. In contrast with P. falciparum, P. vivax infection cause relapsing
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fever but is rarely fatal. (22). The severity of malaria infected patients is mostly

associated with immune mediated diseases.

Both antibodies and T cells play an important role in protective immunity to malaria
parasites [19, 25,31,32 ]. Stimulation of autologous T/B cell mixture with low
concentration of P. falciparum antigen gave rise to IgG secretion in vitro cultures
[15]. Lymphocytes from malaria exposed and non-exposed donors responded to P.
falciparum parasite [5]. However, it is difficult to acquire long lasting immunity
despite repeated exposure of parasites to people living in malaria endemic areas [9,
16]. Suppression of malaria-specific T cells proliferation and induction of T cells
apoptosis were present during acute P. falciparum infection [1, 4]. Additionally, host
immune responses to the parasites were affected on the pathogenesis. High level of
pro-inflammatory cytokines such as tumor necrosis factor—a (TNF-o), interleukin

(IL)-1 and IL-6 are responsible to severe complicated P. falciparum patients [18].

Very few studies in immunity to P. vivax infection have been conducted. Most
studies in immunity to malaria were reported in P. falciparum. One reason for this
could be the difficulty of maintaining P. vivax cultures as a source for the preparation
of parasites antigens. Since, a characteristic having hypnozoite stage for P. vivax, we
hypothesized that the natural immune response to P. vivax infection differs from that
of P. falciparum. There have been some studies of human immune response to P.
vivax circumsporozoite protein (CSP) [7, 8]. The most antibodies response in
naturally infected P. vivax was targeted to epitopes in non-repeat region of CSP [28].
It is believed that CSP-specific CD4" and CDS8" T cell responses, along with CSP-

specific antibodies, will be important in immunity to P. vivax sporozoite/liver stages.
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In immunity to blood stage of P. vivax, recently, our study has been shown that
memory T cells were maintained in immune villagers and elevated during acute P.
vivax infection. However, low level of specific antibody to blood stage of P. vivax
was detected in acute and convalescent period of infection [13]. This indicated the
suppressive immunity in blood stage of P. vivax infection that needed for further
study.

Therefore, this study aims to demonstrate the natural response of lymphocytes and
characteristic of lymphocytes responses to P. vivax and P. falciparum parasites. We
compared the status of lymphocyte proliferation in both human malaria and identified
the phenotypes of T cells responding to schizont protein extract, including the

apoptosis induction by parasites.
MATERIALS AND METHODS

Sample collection. The acutely P. vivax and P. falciparum infected volunteers who
registered at Malarial Clinics in Mae-Sod and Mae-Kasa districts, Tak province have
been informed the details of the project prior blood samples were taken. Selecting
criteria of the projects were as followings: (1) systolic blood pressure was not less
than 90 mm, (2) body temperature was not higher than 40°C, (3) Hematocrit was not
less than 25% and (4) all patients have to be the age of 15 or above. Those who were
not fitting the criteria and pregnant patients were excluded. After the patients were
selected, 20 ml of peripheral blood were taken. The healthy volunteers who live
outside the endemic area and without previous history of malarial infection were

included as naive controls.
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This study was approved by the Committee on Human Rights Related to Human
Experimentation, Mahidol University, and the Ministry of Health, Thailand. Informed

consent was obtained from each individual before the blood sample was taken.

Parasite cultures and antigen preparations. P. vivax and P. falciparum infected

blood collected from the same endemic area was used as PvSE and PfSE in in vitro

~ stimulation assays and ELISA, respectively. Briefly, P. vivax infected blood cells was

depleted of white blood cell by filtering through Plasmodiper (Whatman, Maidstone,
UK) and the red blood cells were washed with RPMI-1640 by centrifugation at 1190x
g for 5 min. The parasites were cultured for 24-30 hrs at 5% haematocrit in McCoy’s
medium (GIBCO, Carlsbad, USA) supplemented with 25% human AB serum at. P.
falciparum cultures were performed as described previously [35] in RPMI-1640
medium supplemented with 10% human serum. Both P. vivax and P. falciparum
cultures were kept at 5% O and 90% N,. After the parasites had matured to schizont
stage, antigens were separated by centrifuged in 60% Percoll®. The cells in the
interface layer between medium and Percoll® were collected, washed twice and the
pellets were stored at -70°C to bed used for in vitro stimulation assays and for
antibody detection.

Lymphocyte purification and ir vitro stimulation assay. Heparinized blood was
mixed with equal volume of HEPES-buffer in RPMI-1640 medium (GIBCO,
Carlsbad,USA). The diluted blood was carefully overlayered on Lymphoprep™
(AXIS-Shied PoC AS, City, Norway) and PBMCs were separated by gradient
centrifugation at 800 x g for 20 mins. After centrifugation, the PBMCs were collected

from the interface between plasma/medium and Lymphoprep™ following washed



124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

twice with RPMI-1640 at 800 x g for 10 mins. The PBMC pellet was finally
resuspended in RPMI-1640 containing 10% heated-fetal calf serum (FCS). The
viability was determined by Tryphan Blue exclusion and the number was counted in
hematocytometer. PBMCs were cultured at 2x10° cells/ well in HEPES-buffer RPMI-
1640 supplemented with 10% FCS. The lysate of P. vivax schizont extract (PvSE), P.
falciparum schizont extract (PfSE) and lysate of uninfected red blood cells (uRBC) at
10 pg or 100 pg were added in each well. Control cells were cultured with Media and
10 pg of Phytohemagglutinine-A (PHA) and incubated at 37 in 5% CO, for 5 days.
Lymphocyte proliferation assays. 1x10° peripheral blood mononuclear cells
(PBMCs) were resuspended in HEPES-buffer RPMI-1640 supplemented with 10%
heat-inactivated FCS and incubated with 2.5 pM of 5-carboxyfluorescein diacetate
succinimidyl ester (CFSE) at 37°c for 10 mins. 100 pl of CFSE-labeled cells were
plated into each well of 96-well round-bottom tissue culture plates. PvSE or PfSE
were added into PBMCs and cultured under in vitro conditions for 5 days. Control
wells were cultured with RPMI-1640 medium alone as negative control, with uRBC
antigens as base line stimulation, and with 10 pg of PHA as mitogenic activation of
PBMCs. The percentage of lymphocyte proliferation in parasite culture was obtained
from the total of divided cells in PvSE or PfSE cultures subtracted with uRBC

stimulation.

Flow cytometry analysis. B and T cells phenotyping was performed by three-color
flow cytometry (FACscan Becton Dickinson, Oxford, UK). CD4", CDS8" T cells were
defined with a combination of fluorochorme-conjugated Mabs, Tricolor labeled anti-

CD3, PE labeled anti-CD4 and FITC labeled anti-CD8 (Caltag, Burlingame, USA).
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For y8* T cells, PBMCs were stained with mouse IgG1 anti-human TCR VY9 (A13) or
TCR V&2 (BB3), (kindly provided by Dr. L. Moretta, Centro Di Biotechnologie
Avanzate, Genova, Italy) for 1 h at 4 °C and washed twice with phosphate buffered
saline (PBS). Goat F(ab)? anti-mouse IgG antibodies conjugated with FITC were used
to detect the anti-y9 and 62 TCR antibodies. B cells were defined by staining with

FITC labeled anti-CD19 (Serotec, Oxford, UK).

Determination of antibody response by enzyme linked-immunosorbent assays
(ELISA). The purified P. falciparum and P. vivax parasite were diluted in PBS and
coated in 96 well plates. Blocking buffer, 2% BSA in PBST were added in each well
and incubated for 2 hrs for protecting of non-specific binding. Sera samples or the
stimulated P. vivax or P. falciparum cultures, 100 pl of 1:100 diluted was added and
incubated at room temperature for 1.5 hr. The plates were then washed three times for
5 min for each wash. The secondary antibodies, goat anti-human IgG (FC) conjugated
peroxidase (Serotec, Oxford, UK), were added and incubated for 1.5 hr, washed three
times. as before and then added substrate ABTS, incubated for 1 hr and measure

Optical Density (OD) values at 405 wavelength by ELISA plate reader.

Data analysis. All data analyzed using the SPSS program (Version 11.5 Chicago,
USA). Non-Parametric analysis (two independent samples); Mann-Whitney test was
used for comparison of lymphocytes response between PvSE or PfSE stimulation and

media control. The results were considered statistically significant values at P<0.05.
RESULTS

The proliferative response of human lymphocytes in malaria. The function of

lymphocytes during P. vivax and P. falciparum infection was assessed by
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identification of divided cell number. CFSE-labeled lymphocytes were determined
after 5 days of PBMC stimulation with crude schizont protein extract at varied
concentration from 1 pg to 100 pg. The stimulation of naive PBMCs with P. vivax
antigens showed small increase of lymphocyte proliferation compared with medium
control (PvSE1 = 4.45+2.5%, PvSE10 = 7.49+5.4 %, PvSE100 = 7.61+5.6+%, figure
1). Unlike P. vivax stimulation, the significant increase of divided cells was observed
after stimulation naive PBMCs with P. falciparum antigens (PfSE1 = 9.36+4.18%,
PfSE10 = 10.15+3.5%, PfSE100 = 15.28+3.11%, Figure 1). These results indicate the

higher mitogenic index in P. falciparum than those in P. vivax parasites.

To evaluate the natural response of lymphocytes during P. vivax or P. falciparum
infection, PBMCs of acute malaria patients were stimulated with crude shizont
antigen for 5 days and measured the number of divided cells. The results showed that
lymphocyte of P. vivax patient expanded upon stimulation with PvSE compared with
un-stimulation (PvSE1 = 3.89+2.87%, PvSE10 = 7.49+4.17%, PvSE100 =
7.18+5.23%, figure 1). Moreover, the proliferative response of lymphocyte was also
showed in P. falciparum stimulation, approximately 5-8% of lymphocytes were
stimulated by P. falciparum antigens (PfSE1 = 5.67+£3.5%, PfSE10 = 8.19+3.11%,
PfSE100 = 7.23+2.87%, figure 1). These results suggest a boosting of lymphocyte

expansion in repeated infection with plasmodium.

Phenotyping of T-cells response to P. vivax and P. falciparum. To identify which
subset of T cells response to parasites, the percentage of responded T cells (CD4",
CD8" and y8" T cells) were phenotyped in acute P. falciparum and P. vivax patients

and after stimulation with 100 pg of schizont protein extract. PBMCs in acute P.
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vivax patients were reduced compared to naive controls (P. vivax = 23.34x10%cell/ml,
naive controls = 25.56X106§eIle, n=8). The percentage of CD4", CD8" T cells and
v8" T cells in acutely infected P. vivax patients showed small increase (CD4" T cells =
47.243.79%, CD8" T cells = 26.77+3.48% and y8" T cells = 2.13 +3.45%, n=8)
compared with naive controls (CD4" T cells = 44.04+2.32%, CD8" T cells =

26.4+2.02% and v&* T cells = 1.194+1.21 %, n=8).

PBMCs in acutely infected P. falciparum patients was significantly reduced
compared with naive controls (acute patients = 14.1x10° celV/ml, naive = 25.56x10°
cell/ml, p=0.009, n=8). Phenotyping of T cell population showed significant
reduction of CD4" T cells (CD4" T cells = 34.93+4.9%, p=0.008, figure 2) but small
increase of CD8" T cells and v8" T cells (CD8" T cells = 35.84+9.9%, y&" T cells =
3.01+1.45 %), compared with naive controls (CD4" T cells = 44.04+2.32%, CD8" T

cells = 26.4+2.02%, y8' T cells = 1.19+1.21 %, figure 2).

To demonstrate the first exposure to human parasites, naive PBMCs were
stimulated with crude schizont protein extract in vitro cultures for 5 days and
assessed the number of responded cells. The results showed small expansion of CD4"
T cells (stimulation = 47.69+4.89%, un-stimulation = 44.04+2.32%, figure 2A) CD8"
T cells (stimulation = 28.76+3.4%, un-stimulation = 26.4+2.02%, figure 2B) and v&*
T cells (stimulation = 3.642.7%, un-stimulation =1.19+1.21%, figure 2C) in P. vivax
cultures. The strong expansion of CD4" T cells was significantly shown in P.
falciparum cultures compared with un-stimulation (stimulation = 63.44+2.9%, un-
stimulation = 44.04+3.79%, p=0.005). However, only small number of naive CD8' T

cells (stimulation = 29.01+3.91%, un-stimulation = 26.4+2.2%, figure 2B) and naive
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v8" T cells responded to P. falciparum antigens (stimulation= 2.09+2.08, un-

stimulation = 1.91+1.21, figure 2C).

The natural response of T cells to malaria antigens were demonstrated by
stimulation of PBMCs from malaria patients with crude schizont antigens in vitro.
The results showed highly response of CD4" T cells, (stimulation = 57.40+8.05%,
un-stimulation = 47.69+4.89%, p=0.003, figure 2A) small increase of CD8" T cells
(stimulation= 32.54+4.49%, un-stimulation = 28.76+3.4%, figure 2B) and y8" T cells
upon stimulation with P. vivax antigens comparing to un-stimulation (stimulation =
4.21+3.45%, un-stimulation = :’:.06ﬂc2.7%, figure 2C). Stimulation of PBMCs from
P. falciparum patients with crude schizont antigens showed small increase of CD4" T
cells (stimulation = 42.01+6.1%, un-stimulation = 34.93+4.9%, figure 2A) CD8" T
cells (stimulation = 41.50+4.22%, un-stimulation = 35.84+9.9%, figure 2B) and y5&"

T cells (stimulation = 7.18+1.95%, un-stimulation = 2.09+2.08%, figure 2C).

The response of B-cells during P. falciparum and P. vivax infection. Our
previous study showed that anti-P. vivax antibody levels were very low in acutely
infected P. vivax patients [13]. To demonstrate the function of B-cells during P. vivax
infection, B cell number in acute P. vivax patients and the response of B-cells to P.
vivax antigens after stimulation in vitro were demonstrated compared with naive
controls. The population of B cells was slightly decreased in acutely infected P. vivax

and P. falciparum patients compared to naive controls (P. vivax = 16.15+9.65%, P.

falciparum = 18.89+6.28%, naive = 20.13+1.41%, figure 3). The stimulation of naive

B-cells with P. vivax antigens in cultures showed small increase of B-cells compared

with un-stimulation (stimulation = 23.18+6.38, un-stimulation = 20.13+1.41%, figure
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3). Contrastly, naive B-cells strongly respond to P. falciparum antigens, indicating the
mitogenic effect of P. falciparum parasites on B-cell function (stimulation =

32.24+6.28%, un-stimulation = 20.13+1.41%, p=0.003, figure 3).

To demonstrate this phenomenon during malaria infection, B-cells of acutely
infected P. vivax and P. falciparum patients were stimulated with crude schizont
antigens in vitro and assessed the total number of CD19"B-cells. The result showed
that stimulation of PBMCs with P. falciparum induced a significant expansion of B-
cells (stimulation = 26.2+7.61%, un-stimulation = 18.89+6.28%, p=0.007, figure 3)
whereas P. vivax accelerated small population of B-cell expansion (stimulation =

20.99+3.01%, un-stimulation = 16.15+4.65%, figure 3).

The effect of P. falciparum and P. vivax parasites on T-cell apoptosis. The
significant reduction of PBMCs in acutely infected P. falciparum and P. vivax
patients indicate some mechanisms to withdraw lymphocyte during malaria infection.
One strategy of evasive immunity by malaria parasite was the induction of
lymphocyte apoptosis. To demonstrate this phenomenon in vitro, the level of Anexin
V'CD4" and Anexin V'CD8" T cells were detected in acute P. vivax and P.
falciparum infection and after stimulation of PBMCs with crude mo,E.NoE antigen in
vitro. The result showed that the level of T cell apoptosis both CD4" T cells and CD8"
T cells was higher in P. falciparum and P. vivax patients than naive controls (CD4' T
cells, P. falciparum = 4.95+3.81%, P. vivax = 5.67+4.33%, naive = 1.11+0.84%;
CD8" T cells, P. falciparum = 6.64+3.21%, P. vivax = 4.20+2.11%, Naive =

1.6+1.43%).
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To re-produce apoptosis phenomenon in vitro, PBMCs from naive were stimulated
with P. falciparum and P. vivax antigens and the number of apoptosis T cells were
determined on day 5. The result showed that apoptotic T cells both CDA4'T and CD8"
T cells were higher in P. falciparum (CD4" T cells, stimulation = 4.57+2.13%, un-
stimulation = 1.11+0.84%, figure 4A; CD8" T cells, stimulation = 2.26+2.27%, un-
stimulation = 1.6+1.43%, figure 4B) and P. vivax stimulation than in control (CD4' T
cells, stimulation = 2.23+2.14%, un-stimulation = 1.11+0.84%, figure 4A; CD8' T
cells, stimulation = 2.09+1.98%, un-stimulation = 1.6+1.43%, figure 4B). Stimulation
of PBMCs from acute patients with P. falciparum antigens showed significantly
elevation of CD4" T cells apoptosis (stimulation = 11.57+4.64%, un-stimulation =
2.58+1.11%, P = 0.009, figure 4A) and small increase of CD8" T cells apoptosis
(stimulation = 4.67+4.64%, unstimulation = 2.43+1.7%, figure 4B). Similarly, CD4"
T cells apoptosis (stimulation = 9.23+5.49%, un-stimulation = 2.24+1.81%, p=0.008,
figure 4A) and CD8" T cells apoptosis (stimulation = 3.83+2.33%, un-stimulation =

2.19+1.43%, figure 4B) was also highly obtained-in P. vivax patient cultures.

The antibody response in P. falciparum and P. vivax infection. Immunity
induced by P. falciparum and P. vivax stimulated the population of B-cell expansion
during infection (figure 3). To m<m_zw~m the function of responded B-cell for their
efficiency to produced malaria specific antibodies, the anti-P. falciparum antibodies
and anti- P. vivax antibodies in both human malaria were determined in individual
sera by conventional ELISA method. B-cell of all acute P. falciparum patients
produced specific anti-P. falciparum antibodies with a mean OD, and standard
deviation of 2.1+0.27, approximately 4-fold increase in antibody levels compared

with naive controls (0.52+0.15, figure 5C). Anti-P. vivax antibody levels in acutely



285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

infected P. vivax patients was classified into two groups based on the difference of
antibody levels from naive o_osc.oﬂm. The high responder (H) showed antibody levels
higher than mean+2SD of naive controls, 5 in 8 of patients showed two fold increase
of antibody titer (1.2+£0.32, figure 5A). Three of 8 patients were classified into low

responder (L), anti-P.vivax antibody levels <mean + SD (0.22+0.11, figure 5A).

The function of B-cell during malaria infection was demonstrated in vitro. PBMCs
of naive controls were stimulated with P. falciparum and P. vivax antigens and were
assessed antibody levels. The result showed that crude P. vivax (0.28+0.13, figure 5B)
and P. falciparum antigen (0.97+0.16, figure 5D) did not significant induce antibody
secretion in cultures compared with Em&EB control. The stimulation of PBMCs from
acute P. falciparum patients with crude antigens induced anti-P. falciparum
antibodies (1.4+0.22, figure SA) over what was found in medium control (0.57+0.12,
figure 5A) and in naive control cultures (0.97+0.16, figure 5B). In comparison with P.
vivax, the stimulation of PBMCs with P. vivax antigens showed that high responder
had anti-P. vivax antibodies higher in corresponding to antibody level in each patient
(1.440.29, figure 5B). This result indicates a boosting of antibody levels during P.
vivax infection. However, the low responder did not respond to antigens after

stimulation, keeping anti- P. vivax antibody in low levels (0.19+0.13, figure 5B).
DISCUSSIONS

The short-lived of naturally-acquired immunity in malaria lead one to assess the
natural response of lymphocyte during P. falciparum and P. vivax infection by
stimulation of patient lymphocytes with crude antigens from P. falciparum or P. vivax

infected red blood cells for reflection to secondary response in vitro of primed cell in
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vivo. We showed the different characterization of T cell response between two human
malaria; P. falciparum and P. vivax infection. The stimulation of PBMCs from
acutely infected P. vivax patients with crude antigen accelerated the expansion of
lymphocytes. CD4" T cells were the predominant population response to P. vivax
antigens. Quite different from the finding in P. vivax, we found that T cells (CD4’,
CDS8", 8" T cells) of acute P. falciparum patients did not significant response to
crude schizont antigens. CD4" T cell were significant reduced in acute P. falciparum
patients, indicating the impairment in the role of T cells during infection. The
assessment of B-cells and antibody response in malaria patients showed that B-cells
play a major function during P. falciparum and P. vivax infection. The small
expansion of B-cells upon crude antigen stimulation showed anti-P. vivax antibody
levels significantly higher than in medium control. Similarly, the significant
expansion of B-cells upon P. falciparum stimulation resulted in induces high anti- P.
falciparum antibody levels. Some strategies occur beyond the expansion of
lymphocyte as we showed the elevation of CD4" T-cell apoptosis in acutely infected

P. falciparum and P. vivax patients and after stimulation with crude schizont antigens.

There has been reported the mitogenic property of Plasmodium. The stimulation of
PBMCs from naive controls with crude P. falciparum and P. vivax antigens showed
that high percentage of divided cells in cultures with crude P. falciparum antigens
which support in line with previous studies [5]. Contrastly, small expansion of
lymphocyte was obtained in P. vivax cultures. B-cells were the population responded
to P. falciparum antigen, approximately 12 % of B-cell expanded in stimulation. This

suggests the presence of mitogenic component in infected erythrocyte of P.
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falciparum whereas it lowly contain in P. vivax parasite. Therefore, our study support

the phenomenon; high level of immunoglobulin in Plasmodium infection [2, 6, 10].

The natural response of lymphocytes during P. vivax infection was produced by
stimulation of P. vivax-exposed PBMCs with crude antigens. Lymphocyte of P. vivax
patients expanded after stimulation of patient PBMCs with crude P. vivax antigens.
This result was associated with the elevation of CD4*, CD8" and y5' T cells.
Interestingly, CD4" T cells were the predominantly responded to P. vivax antigens. In
association with the previous study, we have shown that memory CD4" and CD8" T
cells pool in malaria immune person were maintained and activated during acute and
convalescent P. vivax infection patients [13]. ,;oaomoau.go elevation of CD4", CDS8"
and v8'T cells after stimulation of PBMCs with malaria antigen can be explained as a
model for the expansion of memory or effector cells in re-infection or relapsing with
P. vivax parasites. In the other hands, immunity induced by P. vivax lead to Treg and
IL-10 secreting T cells activation during acute infection The activation of Treg can
suppress Thl or Th2 function and support parasites growth in human malaria
infection [12, 33]. Interestingly, the number of Treg in individual immune control
living in P. vivax area was lower than naive controls [12]. This phenomenon indicated
that the repeated infection does not boost Treg response. Therefore, the activation of
Treg during acute infection is one strategy of parasites for immune suppression and
limiting the generation of memory T cells. Taken together, our study clearly support
that the repeated exposure to P. vivax increased population of memory T cells as well
as regulatory T cells. The particular P. vivax schizont antigen or specific epitopes

induce memory T cells or Treg should be identified for the future development of
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successful vaccine. Moreover, it is not only the phenotype and the level of T cell
response but also the function of responded T cells for parasite killing as well as the
longevity of responded T cell after stimulation with P. vivax antigens need to further

study.

Immunity induced by P. falciparum significantly suppressed lymphocyte
proliferative response during infection [4, 29]. Here, we identified lymphocyte levels
in acutely infected P. falciparum patients. The result showed significantly reduction
of CD4" T cells in patients compared with naive controls. Stimulation of P.
falciparum exposed PBMCs with antigen showed no significant expansion of CD4",
CDS8" and y8' T cells, indicating the impairment of boosting activated T cells in
repeated infection. This phenomenon can be explained the limitation of memory T
cell pool in residence P. falciparum areas. People naturally exposed to malaria
infection frequently have rather weak cellular and humoral responses to vaccine
candidates; circumsporozoite surface protein (CSP) and merozoite surface protein-1
(MSP-1) [16, 28]. One explanation could be the polymorphic of immunodominant T-
or B-cell epitopes. Therefore, the induction or maintenance of T cell response to
malaria antigen in general or to specific malaria antigen is difficult. Further, malaria
antigens induce T cell apoptosis during infection [1, 30]. All strategies indicate the
suppression of T cell response during P. falciparum infection and explain the taking
long time to develop P. falciparum immunity in individual in endemic areas. The
response of y8" T cells in both naive and patients may reflect the non-specific
stimulation of malaria component, phosphoantigen IPP which is support by previous

study [22].
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Antibody response to blood stage antigen is short-lived in children and adult in
malaria endemic area [19]. ,mmaov we assessed anti-P. falciparum antibodies in acute
patients and in cultures after stimulation of PBMCs from acute patient with crude
schizont antigens. Anti-P. falciparum antibody levels in patients were higher than in
naive controls. Further, crude P. falciparum antigens induced antibody levels upon
stimulation, indicating the presence of memory B cells and they were boosted in
repeated infection. Therefore, humoral immunity may play a greater protective
function than cell-mediated immunity in P. falciparum infection. The finding of B-
cell epitopes in crude P. falciparum antigens will provide a strategy for vaccine
development in the future. In comparison with P. vivax, antibody response in acute
patients was classified in two groups (high and low responders) based on the antibody
levels difference from medium control. High responder increased in antibody
response corresponding to antibody level in each patient after P. vivax maBEwmo:
whereas anti-P. vivax antibody in low responder still keep in low levels after
stimulation which is associated with our previous finding, anti-P. vivax antibody
levels were very low in the acutely P. vivax infected patients [13]. Interestingly, no
correlation between the response of CD19'B-cells to crude antigens and antibody
levels in P. vivax simulation has been shown. Patients did not have significant
expansion of B-cell after P. vivax stimulation developed high antibody levels. This
result indicates that the present of antibody may be provided by long-lived plasma
cells which rarely circulate in peripheral blood. The re-exposure with P. vivax induced
plasma cell to produce antibodies. Very low level of anti-P. vivax antibodies may be
resulted from the impairment in the generation of memory B-cells. One possibility

could be the activation of B-cell apoptosis as showed in animal model, the majority of
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apoptosis cells in the spleen of infected P. chabaudi chabaudi AS are B-cells.
Moreover, the effect of other immune cells on B-cell function in individual patients
should be explained. The significant reduction of PDCs in acute P. vivax patients may
impair antibody response as showed evidence in influenza virus [14, 24]. The deletion
of PDCs abrogated the secretion of specific polyclonal IgG. Further, the significant
increase in the percentage of FOXP3™ Treg and IL-10 secretion type I T reg in acute
P. vivax infection may also result in suppress B-cell response. It has been showed that
Treg can directly suppress B-cells or whether they must suppress Th cells to suppress
B-cell responses [17]. However, the specific epitopes of P. vivax antigens suppresses
humoral immunity or induce memory responses could be more explanation during

infection.

Apoptosis was increased in patient suffering from acute malaria and asymptomatic
individuals living in endemic area which represent of chronic infection. High and
permanent exposure to the immune system of the P. falciparum antigens might induce
a chronic state of T cell activation as described in mitogens or superantigens [20]. The
relationship between P. falciparum exposure and the level of apoptotic cells showed
induction or amplification of apoptosis phenomenon. On the other hand, during the
course of immune response, T cells clones must be down regulated by inducing
apoptosis after antigens are eliminated. Our study carried out the stimulation in vitro
assay to demonstrate the induction of T cell apoptosis by parasites. We showed that
addition of P. falciparum to naive and P. falciparum patient’s culture consistently
increased the percentage of CD4" T cells which was associated with the significant
reduction of peripheral CD4" T cells in acute patients and low CD4" T cell expansion

in stimulation cultures whereas apoptosis cell was low in medium and PHA control.
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Therefore, the elevation of apoptotic cells should be the affect from parasite induction
as was shown in previous studies; the addition of P. falciparum schizont-rich extract
induced lymphocyte apoptosis in vitro [30]. The frequency of mvownoao cells in the
spleen cells infected with P. chabaudi chabaudi increased > 50 % during parasite
growth was seen to be under control [27]. Taken together, these data suggest that the
induction of T cell apoptosis is one mechanism of immunosuppression by P.
falciparum parasites. Unlike acutely infected P. vivax patients, CD4" cells apoptosis
increased in naive and P. vivax patient cultures in association with the expansion of
CD4'T cells clones as well as boosting of humoral immunity. Therefore, the induction
of T cell apoptosis in P. vivax infection could be a regulating mechanism of immune
response; turning off immune system. The induction of T cell apoptosis when specific

T cells clones were activated and parasite were eliminated.
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Figure legend

FIG. 1. Comparison of lymphocyte response in P. falciparum and P. vivax infection.
PBMCs from acutely infected P. vivax and P. falciparum patients were stimulated
with PvSE and PfSE at 1, 10 and 100 pg, respectively. Media and PHA are control of
stimulation in vitro cultures. The percent of divided cells in PvSE or PfSE culture was
obtained from the total of divided cells in PvSE or PfSE cultures subtracted with
divided cell in uRBC stimulation. Each point represents the percent of divided cell in
each individual. Horizontal bars represent mean value for each group. e = P.
falciparum patients, o = P. vivax patients, A = naive controls. Numbers m_oam the
bottom represent the amount of crude P. falciparum or P. vivax antigen: 1, 10, 100
showed 1 pg, 10 pg and 100 pg of PvSE or PfSE, respectively. M= media controls
Asterisk indicate statistical significant at P < 0.05 with the non-parametric two

independent test.

FIG. 2. Phenotype of T cells upon P. falciparum or P. vivax stimulation. PBMCs
from naive control acutely infected P. vivax and P. falciparum patients were
stimulated with 100 pg PvSE and 100 pg PfSE, respectively. Media and PHA act as
stimulation control. The percentage of CD4* T cells (a), CD8" T cells (b) and y§" T
cells (c) was obtained from the percent of T cell stimulated by malaria protein
subtracted with uRBC stimulation. The data is shown as mean values of eight
experiments from naive controls or malaria infected patients. Asterisk indicate
statistical significant at P < 0.05 with the non-parametric two independent test. O =

un-stimulation; m = stimulation.
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FIG. 3. The response B-cells in P. falciparum and P.vivax infections. PBMCs from
naive controls and acutely P. vivax or P. falciparum infected patients were stimulated
with 100 pg PvSE and PfSE, respectively. Media and PHA act as stimulation control.
The percent of B cells upon antigen stimulation was obtained from the percent of B
cells stimulated by malaria antigen subtracted with uRBC stimulation. The data is
shown as mean values of eight experiments from naive control or malaria infected
patients. 0 = un-stimulation, m = stimulation. Asterisk indicate statistical significant at

P < 0.05 with the non-parametric two independent test.

FIG.4. Influence of malaria antigen on T cell apoptosis. The percentage of apoptotic
cells from P. vivax and P. falciparum infected patients upon culture with 100 pg of
PvSE and 100 pg of PfSE, respectively. Media and PHA were used as a stimulation
control. The percentage of apoptotic cells were obtained from the median percentage
of apoptotic T cells stimulated by PvSE or PfSE subtracted with uRBC. The data were
shown as mean values of eight experiments from naive controls or acutely infected
patients. 0 = un-stimulation, m = stimulation. (a) CD4" T cell apoptosis; (b) CD8" T
cell apoptosis. Asterisk indicate statistical significant at P < 0.05 with the non-

parametric two independent test.

FIG.5. Malaria antigen induced immunoglobulin in vitro. Scatter diagram of

antibodies in culture supernatant of PBMCs exposed to PvSE or PfSE antigens and
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patient sera. Dots represent the mean optical density value in triplicate wells for each
patients or supernatant. The optical density value was obtained from the optical
density value in each patients or PvSE or P{SE stimulation substracted with optical
density value in uRBC. Each point represents the optical density (OD) value in
individual. Horizontal bars represent mean OD value for each group. (A) Acute P.
falciparum patients, (B) Acute P. vivax patients. Symbols; o = P. vivax or P.
falciparum patients ® = haive controls; and = medium controls. Asterisk indicate

statistical significant at P < 0.05 with the non-parametric two independent test.
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Summary

Immunity induced by P. vivax infection may leads to activation of T cells during “relapse” or
“re-infection”. This study aims to characterize memory T cells, y5 T cells, regulatory T cells, B cells,
NK cells and NK T cells in patients with acute P. vivax infection living in completely P. vivax
infection cohort in Central of China. Lymphocytes were collected from patients infected by P. vivax,
immune controls and naive controls. Four-color flow cytometry were used for determination of cell
phenotypes. We found the level of both memory CD4" and CD8" T cells were elevated in blood
circulation during acute infection. The level of v& T cells increased Qs.oo times comparing with
normal controls. This suggests that memory cells and ¥& T cells play role in protection against
P vivax infection. Our finding showed that B, NK and NK T cells were decreased during acute
infection. However, there was the activation of regulatory T cells during acute infection, suggests
one immune suppression mechanism by P. vivax parasites. However, the suppression mechanisms or
the interaction between B, NK and NK T cells during malaria infection has not been elucidated.

Our results provide a further insight into the 588&0: between P. vivax parasites and host
cell-mediated immunity to P. vivax infection that could be important for the future development of a

successful vaccine and anti-malarial drug designation.

Key words: malaria immunity, Plasmodium vivax, T cells, B cells, gamma delta T cells, NK cells,

NKT cells,
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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
maintaining P.vivax cultures as a source for the preparation of parasite materials. Therefore, in the
past, progress in P.vivax research has been limited. The current incidence of P.vivax infection has
increased gradually in tropical countries, but 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.

Several studies have been shown the status of natural immune responses against malaria
infection in both of cell-mediated and humoral-mediated immune responses against malaria infection
in malaria endemic areas around the world. However, this study was performed in a vivax malaria-
endemic area of central of China which has a completely P. vivax infection cohort unlike other areas
having mixed species, for example, in Thailand, Ethiopia (3-5). Recent study has shown increasing
of memory T cells among P. vivax infected patients in endemic areas of Thailand and this can be
maintained during 2 months follow up (6). Another study has found that the infection by P. vivax
infection caused of increasing of TH2 cells (7). This was in contrast with the recent study performing
in Ethiopia, which has found that malaria parasites both P. falciparum and P. vivax has no affected to
the percentage of CD4, CDS8, CD3 and B cells. However, these finding have shown the status of cell

mediated immune response in P. vivax infection among mixed species endemic areas.
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Our study aimed to ormq.moﬁmaNm the acquired cell-mediated immunity following P.vivax
infection who living in completely P. vivax infection cohort without other Plasmodium. spp
infection, and aim of establishing the nature of host responses in relation to the severity of the

P.vivax infection.



Materials and Methods

2.1 Study population

Blood samples were collected from 37 patients with acute P. vivax infections (AC) at Wuhe
County Hospital, Guzhen County Hospital, and The First Hospital of Bengbu in Anhui province,
China. The diagnosis of P. vivax malaria infection was based on the examination of Giemsa-stained
thick blood films. Polymerase chain reaction (PCR) with species-specific primers was performed on
DNA isolated from the blood samples to verify P. vivax infections. Only P. vivax infected patients
were recruited in the experiments.

Blood samples were collected from additional 21 peoples residing in the same P. vivax-
endemic area. These subjects serving as “immune controls” (IC) did not have acute P. vivax
infections at the time of blood collection as determined by both microscopy and PCR assay. A
further 17 healthy adults living in Bengbu city area without previous malaria exposure or antibodies
to malaria parasites were recruited to serve as “naive controls” (NC). The clinical characteristics of
the subjects are listed in Table 1. This study was approved by Ethical Approval Committee of
Biomedical Institute of Anhui Medical University. Informed consents were obtained from each

individual before a blood sample was taken.

2.2 Preparation of peripheral blood mononuclear cells (PBMC)

Venous blood from P. vivax patients, immune controls, and naive controls were collected in
heparinized tubes and PBMC were separated by gradient centrifugation using Ficoll-Hypaque
lymphocyte isolation (TIAN JI HAO YAO BIOLOGICAL MANUFACTURE, Tianjing, China)
according to the manufacturer’s recommendation. The PBMC pellet was resuspended at a

concentration of 10° cells/ml in RPMI-1640 (GIBCO, Carlsbad, USA) supplemented with 10% heat-
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inactivated fetal calf serum (FCS) (HANGZHOU SIIQING ORGANISM ENGINEERING

MATERIALS, Hangzhou, China) and number of PBMC was counted.

2.3 Parasite cultures and antigen preparations

P. vivax-infected red blood cells (iIRBC) purified from infected blood were used as antigens
for in vitro stimulation. 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 g for 5 minutes. The parasites were cultured
for 24 - 30 hours at 5% hematocrit in McCoy’s 5A medium (GIBCO) supplemented with 25%
human AB 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 RPMI1640 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, until matured to schizont stage (=6 nuclei). The
late stage iRBC were enriched by centrifugation using 60% Percoll (GE Healthcare, Uppsala,

Sweden) at 1190 g for 10 minutes.

The enriched iRBC pellets were sonicated for 40 seconds at 150 watts and the protein
concentration was determined by the Bradford assay (Bio-Rad, Hercules, USA). The vials were then
aliquoted and stored at -70°C until use. Uninfected RBCs were processed similarly as above and the
protein concentration equal to the malaria antigens was stored at -70°C to be used as a negative

control.



2.4 In vitro stimulation

PBMC from other 5 healthy donors were used for in vitro stimulation. PBMC in RPMI-1640
supplemented with 25 mM HEPES, 2 mM glutamine, 40 pg/ml gentamicin and 10% heat treated
FCS were cultured at 2x10° cells/well in round bottom 96 well plate (Costar, Corning, USA) for 5
days in humidified incubator at 37°C in 5% CO,, in the presence of P. vivax antigen or P. falciparum
antigen at a concentration of 1, 10, 50 pg/ml. Medium alone, equivalent concentration of RBC and 2
pg/ml of anti-CD3 [OKT] were used as negative and positive controls, respectively. All samples
were performed in triplicates. After 5 days of activation the cells were harvested and added H’-
Thymidine at the concetntration of for 16-18 hrs. The proliferation of PBMC was determined by 3-

counter FJ-353 (262 Factory, Xian, China).

2.5 Surface and intracellular staining and flow cytometric (FCM) analysis

Fifty microliter of whole blood were stained with combination of fluorochrome-conjugated
mAbs as showed in Table 2 and the stained cells were incubated for 30 minutes at 4 °C followed by
treated with RBC lysing solution by incubating at room temperature for 15 min and washed with
PBS (8g NaCl, 0.2g KCl, 1.4g Na,HPOy, 0.24g KH,POy, in 1L distilled H,O). After staining, the cell
pellets were analysed by FACSCalibur using the CELLQuest software (Becton Dickinson, San Jose,
USA).

For intracellular staining, cells were washed with a permeabilizing solution according to the
manufacturer’s recommendation (BioLegend, San Diego, USA). The cells were incubated in the
permeabilizing buffer for 20 minutes at room temperature. Then Alexa fluor® 488-labeled anti-
Foxp3 (BioLegend, San Diego, USA) was incubated for 30 minutes at room temperature after which
the cells were washed with PBS. Cells were fixed with 2% of Paraformaldehyde in PBS for

acquisition and analysis on FACSCalibur.



2.6. Data analysis

All data were analyzed by .En SPSS programme (Version 11.5, Chicago, USA). The
percentages of cell phenotypes were log transformed. Parametric analysis independent ¢ test was then
performed on the transformed data as follows; The difference of mean percentages of cell
phenotypes among each following groups i.e. naive controls vs. immune controls, naive controls vs.
acute infection, immune controls vs. acute infection. Data in the results and tables showed median
and interquartile ranges Ammahma percentile). Data in in vitro study showed mean + 2 standard errer
(SE). The results also showed mean difference (MD), 95% Confident Interval (CI) and P value. The

results were considered significant at P<0.05.



Results

T cells phenotyping

The CD4+ memory T cells were quantified and the results showed that the median for the
percentage of CD4+CD45RO+ T cells in the acute infection (27%) was significantly higher than in
the naive controls (20%) (MD=8.8, 95%CI=0.5-17.1, P=0.02), however, this was not significant
difference ,.zro: compared with immune control (22%) (P=0.1).

The proportion of CD8+ memory T cells was not significantly higher among immune
controls (18%) comparing with native control (13%) (P=0.2). Similar raised proportion of memory
CD8+ T cells was also seen in patients with acute infection (17%) (P>0.05).

The result of percentage of y& T cells showed that the median of CD3+62+ was statistically
significant higher in the acute infection (4%) comparing with naive controls (2%) (MD=2.1,
95%CI=-0.1-4.2, P=0.03) and immune controls (2%) (MD=3.2, 95%CI=1.0-5.4, P=0.005).

The level of CD3—-CD19+ B cells in blood circulation was detected. The median of levels
was significantly lower in immune controls (6%) comparing with naive controls (9%) (MD=3.5,
95%CI=0.9-6.0, P<0.001). However, after infection this level was higher (9%) to the same level as
showed in naive controls (9%).

Among CD3+ T cells, the percentage of regulatory-T cells expressing CD4*CD25™ was
quantified and showed that the significant higher among immune controls (3%) than healthy controls
(2%) MD=0.9, 95%CI=0.1-1.7, P=0.02). Moreover, the level was significantly elevated in acute P.
vivax infection (4%) comparing with those of the healthy controls (2%) (MD=2.0, 95%CI=0.7-3.0,
P=0.002), and the immune controls (3%) (MD=1.3, 95%CI=0.9-2.7, P=0.03).

And among CD4+ T cells, the expression of FOXP3" on CD4"CD25"™ T cells was examined

and analyzed to verify the regulatory type-T cells (8). However, we found in contrast result with
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CD4*CD25", The median level ow CD4*CD25"FOXP3* T-cells in the acutely infected patients were
not significant lower in acute infection (7%) (P=0.2) and the immune controls (10%) (P=0.1)
comparing with the naive controls (14%). We also found a few cases (7%) of P. vivax infected
patients and 6% of immune villagers has very high level of CD4"CD25™FOXP3" T-cells (>30%)
which we will not use these data to calculate.

The percentages of NK and NKT cells were identified. The percentages of NK cells were not
significant decreased after infection (6%) comparing with immune controls (15%) and naive control
(16%) (P>0.05), this could be the high level of NK cells in some immune controls and acute patients.
However, in contrast to NK cells, the percentages of level of NKT cells showed the significantly low
during acute infection (3%) comparing with immune controls (2%) (MD=1.4, 95%CI=-0.5-3.0,

P=0.05) and naive controls (5%) (MD=1.4, 95%CI=-0.2-3.0, P=0.03).

In vitro activation

The PBMC from P. vivax infected patients at acute infection and followed up on day 7 and
amvm 14 was co-cultured with difference concentration of P. vivax or P. falciparum antigens. We used
P. falciparum in parallel with P. vivax crude antigen to determine the cross activation and reaction
between species. We found the obviously difference no. of count per minute by using H3-thymidine
between co-cultured PBMC with nRBC, P. vivax and P. falciparum crude antigen at 10 ug/ml.
Hence, we used only this concentration for further experiments (data not shown). The results showed
that PBMC from P. vivax infected patients at day 0 after infection had highest proliferated (5781),
this levels was similar to positive controls (5396) (Figure 3).

All patients’s PBMC at day 7 folowed up had no response with any stimulator even anti-CD3
OKT. After day 14 followed up, PBMC were proliferated by co-culturing with both P. vivax and P.

falciparum antigen. There was no responding to P. falciparum crud antigen in any PBMC activation.
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Discussion

The objective of this work was to characterize T cell phenotypes in patients during acute P.
vivax infection among Chinese population living in Central of China, north areas of Anhui Province.
Our major finding showed that upon acute infection, both CD4+ and CD8+ memory T cells were
elevated in blood circulation. However, there was only CD8+ memory T cells maintained at elevated
levels in immune individual of P. vivax infection, During infection there also were & T cells
increased. Our result also showed the activation of regulatory T cells during acute infection, this also
one immune suppression mechanism by P. vivax parasites.

Our finding showed that CD4" memory T cells were elevated in acutely P. vivax infected
patients. This result in line with recent study performed in Western border of Thailand which has
shown CD4" memory T cells were elevated during P. vivax infected patients and convalescent period
among Thai population (6). However, those levels of Thai patients (38%) were higher than Chinese
patients (27%) for memory CD4" T cells and the level of memory CD8" T cells was also higher
among Thai patients (26%) than Chinese patients (17%). In human, CD4" T cells that express
CD45RO0 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 IL-4 and
play role in the protective immunity against P. falciparum infection (9). 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 (10). The finding that there were
high levels memory T cells during acute infection, suggests that memory T cells were not suppressed
by the parasites. The reasons why the acutely infected patients had such high levels of memory cells
might be due to previous infection by P. vivax parasites.

Our finding showed that the expression of memory CDS" T cells was increased during the

acute infection, suggests that cytotoxic memory T cells are activated by the parasite. These memory
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CDS8" T cell responses could have been influenced by an earlier exposure to liver stage antigens or
by cross-presentation of blood stage antigens, since the similar elevated levels of memory CD8+ T
cells in immune controls. However, present study has shown only that cytolytic CD8" T cells play a
role in protection against the malaria liver stage (11) .

A recent study has shown that CD4" T cells are essential for the differentiation of CDS8"
memory T cells (12). This is supported by the finding (13) 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 m.snzm acute P. vivax infection. The
function of these memory T cells during acute infection could either be through &AQO&QQ or they
could act as T-helper cells regulating antibody response against the P. vivax parasite. We hypothesize
that the increased levels of memory T cells may control parasitaemia during acute infection through
an influence on P. vivax specific antibody responses rather than cytotoxicity. However, the
mechanisms whereby the memory cells control P. vivax parasites at the liver stage and blood stage
await further investigation.

In this study, memory CD8" T cells were readily detectable in the immune controls. This is
most likely due to frequent exposure to P. vivax parasites at liver stage, hypnozoite.

v& T cells have been reported to be elevated in peripheral blood and spleen (14-17) of
individuals with acute or convalescent P. falciparum infection and also in spleen of mice with
malaria (18). An increase of Y8 T cells has been observed in non immune P. vivax patients during
clinical paroxysms (19,20). Moreover, y8 T cells are increased in the spleen of humans who died
from cerebral malaria (17). Moreover, recent study has also confirmed that y8 T cells are elevated
during acute P. vivax infection in Thailand (6). In similar phenomenon was found in our study, we
found the level of y& T cells was elevated during acute infection. So, this indicates that y6 T cells

play role against P. vivax infection. Recent finding found that y8 T cells kill P. falciparum parasites
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by cytolytic pathway and our group is studying in P. vivax infection (21). In vitro stimulation with P.
\E&SES extracts of blood mononuclear cells not previously exposed to malaria also results in y T
cell activation, with a majority of Vy9/V82 cells responding (22,23). Activation of y8 T cells from
malaria naive donors inhibit parasite replication in erythrocytes in vitro and also induced the
“production of pro-inflammatory cytokines (24,25), suggesting that these cells have protective
function and their mechanism involves both cytotoxic and regulatory functions against malaria
infection.

Our finding showed an increase of Treg during acute P. vivax infection. In support to a recent
study which has shown the increase number of Treg upon P. vivax infection among Thai infected
patients [submitted], moreover, Treg also increased during P. falciparum infection and correlated
with higher rates of parasite growth in vivo (26). The increased frequency of Treg during an acute P.
vivax infection may lead to the suppression of protective immune response both of cell- and
antibody-mediated immunity, which may result in improved parasite survival. One possible
mechanism is Treg cells may directly suppress B cells (27) or the proliferation of Th cells, resulting
in down-regulation of IL-2 or IL-4 production by responder lymphocytes and suppression of B cell
differentiation to plasma cells. This could be the reason why this study found the decreasing of B
cells and the level of anti-P. vivax antibody among P. vivax infected patients was low during acute P.
vivax infection (6). However, the interaction among malaria specific T cells, B cells and Treg cells
remains poorly characterized.

Recent study has shown that the NK cells from both healthy and P. falciparum infected
individuals directly lyse parasitised erythrocytes in vitro (20,28), and this killing mechanism requires
contact between NK cells and P. falciparum infected erythrocytes (20,29). Our study showed no
significant decreased level of NK cells, our result support the study among Thai population (7), and

in Ethiopian population (3). Therefore, the expression of NK cells during acute infection may not
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depend on geographical location, genetic factors difference or level of malaria endemicity. Recent
studies indicated that NK cells are the first cells in peripheral blood that produce IFN-y within 18
hours in vitro after exposure to infected erythrocytes followed and this activation was dependent on
IL-12 (20). ,E,H,m_” may be the reason that why we found that NK cells level were not changed in
peripheral blood during acute infection which was in contrast to gamma delta T cells. Our result
suggests that NK cells protect earlier against P. vivax infection than gamma delta T cells and NKT
cells.

In vitro stimulation of PBMC from P. vivax infected patients at day 0 and showed higher
level of proliferation after 5 days co-cultured with P. vivax then developed higher again at day 14.
One explanation for this result could be the patients did not well develop immune response against
malaria antigens during first week infection. We did not find the cell proliferation by P. falciparum
antigen, this could be there was no cross-reactivity between P. vivax and P. falciparum antigens.
Moreover, our study also confirmed the specificity to P. vivax antigen, since this area of central of
China is P. vivax endemic area and only P. vivax prevalence.

In conclusion, our findings showed P. vivax infection induced the increasing memory T cells,
particularly the CD8 phenotypes and y8 T cells, could play significant roles in the development of
cell-mediated immunity against P. vivax infection. The decreasing of NK and NK T cells suggests
that the early protection by NK and NKT cells caused of the transients activation after infection.
Another reason may be explained by the increasing of regulatory T cells during acute infection,
caused of the suppression of NK and NKT cells. Moreover, the suppression by regulatory T cells
could be affected to the reduction of B cells levels during acute infection. However, the interaction

between regulatory T cells and NK, NKT and B cells need to be elucidated.
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List of figures
Fig. 1. Comparison of Memory CD4+ and CD8+ T cell, gamma delta T cell and B cell phenotypes

between naive controls (NC), immune controls (IC), patients with acute P. vivax infection (AC) Data

are shown in median, inter-quartile ranges (box plots), maximum and minimum (upper-lower lines).

Fig. 2. Comparison of regulatory T cell (CD4+CD25hi and CD4+CD25hiFOXP3+), NK cell and
NKT cells phenotypes phenotypes between naive controls (NC), immune controls (IC), patients with
acute P. vivax infection (AC) Data are shown in median, inter-quartile ranges (box plots), maximum

and minimum (upper-lower lines).

Fig. 3. The activation of PBMC from P. vivax infected patients at day 0 (acute) and followed up on
day 7 and day 14 with P. vivax antigen 10 ug/ml (PV10). H3-Thymidine was used for proliferation

assay and showed as count per minute (CPM). Data are shown in mean + 2 Standard Errer (SE).



List of Tables

Table 1.

Information and Clinical data of P.vivax patients, immune and naive controls :

N Sex Age Parasitemia Temperature
M F (years) (%) (°C)
P. vivax infection 37 10 17 29+10 0.05+0.08 38.5+0.7
Immune controls 21 11 6  33%11 0 36.5+0.5
Naive controls 17 10 11 2545 0 36.5+0.5

"mean + standard deviation (SD)

Table 2.

List of the combination of fluorochrome-conjugated with anti-human mAbs were used for FCM analysis

Combination of fluorochrome-conjugated mAbs

Tube no. FITC RPE RPE-Cy5 APC
1 anti-CD45RO” anti-CD4? anti-CD8? anti-CD3*
2 anti-CD19* anti-CD3?
3 anti-gamma9® anti-CD3*
4 anti-CD56° anti-CD3?
5 anti-Foxp3° anti-CD25° anti-CD3*

*Caltag, Burlingame, USA; ®Immunotech, Marseille, France,

“This mAb was conjugated with Alexa fluor® 488 (BioLegend, San Diego, USA)
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Introduction

Malaria is a common tropical disease associated with mortality among children infected with
Plasmodium falciparum, mainly in African countries [1]. In contrast with Nu.\&n%zéi malaria,
benign P.vivax infection causes relapsing fever but is rarely fatal [2]. In spite of the current
incidence of P. vivax infection, the mechanism of cellular and humoral immune responses
against P. vivax parasite remained poorly understood. Most study of human malaria immunity is
in P. falciparum infection. The reasons for this could be the difficulty to access P. vivax-infected
cases and to maintain the parasite in vitro for studies. Therefore, progress in P. vivax research
has been limited. Immunity to P. vivax has been studied in various endemic areas. Antibody
response to different parasite proteins is reported [3-3]. However, only few recombinant ?,oﬁmwsm‘

can be used due to lack of the parasite materials [6]. The collection of more information from

areas where P.vivax is endemic should be encouraged.

Malaria infection induces strong humoral immune responses in residents of endemic area.
The level of total antimalarial antibodies increases with age and depends on the length and
intensity of exposure to malaria. Antibody-mediated inhibition of @mamm.mom is more efficient
during blood stage than in liver stage infections [7]. Antibodies also mediate antibody-dependent
cellular cytotoxicity and phagocytosis involving polymorphonuclear cells, neutrophils or

platelets [8].

This study was performed in 1) a vivax malaria-endemic area of central of China which has a
completely P. vivax infection cohort 2) malaria endemic area of western border of Thailand
having mixed Plasmodium spp. infection incidence (50.6% was caused by P. vivax, 48.9% by P.

falciparum, 0.1% by P. malariae, and 0.4% by mixed infection) [9].



To understand the natural immune response during P. vivax infection, we determine
antibodies in the sera to proteins extracted from P. vivax parasites, and to P. vivax-derived
proteins produced by E.coli system consisting of PvMSP1(19) and PvAMA-1 [10-13]. Our study
aimed to characterize the level of IgG antibody following P.vivax infection comparing between

two malaria endemic areas having difference geography and incidence of Plasmodium spp.

Infection.



Materials and Methods
Study population
Plasma samples were collected from 76 patients with acute P. vivax infections (AC) at

Wuhe County Hospital, Guzhen County Hospital, The Frist City Hospital, Bengbu city, Anhui
province, China. The diagnosis of P. vivax malaria infection was based on the examination of
Giemsa-stained thick blood films. Polymerase chain reaction (PCR) with species-specific
primers was performed on DNA isolated from the blood samples to further verify P. vivax
infections.

Blood samples were collected from additional 32 peoples residing in the same P. vivax-
endemic area. These subjects serving as “immune controls” (IC) did not have acute P. vivax
infections at the time of blood collection as determined by both microscopy. A further 20 healthy
adults living in Bengbu city area without previous malaria exposure or antibodies to malaria
parasites were recruited to serve as “naive controls” (NC). The clinical characteristics of the
subjects are listed in Table 1. This study was approved by Ethical Approval Committee of
Biomedical Institute of Anhui Medical University. Informed consents were obtained from each

individual before a blood sample was taken.

Parasite cultures and antigen preparations

P. vivax-infected red blood cells (iIRBC) purified from infected blood was used as crude
antigens for coating. 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 g for 5 minutes. The

parasites were cultured for 24 — 30 hours at 5% hematocrit in McCoy’s 5A medium (GIBCO,



Materials and Methods
Study population
Plasma samples were collected from 76 patients with acute P. vivax infections (AC) at

Wuhe County Hospital, Guzhen County Hospital, The Frist City Hospital, Bengbu city, Anhui
province, China. The diagnosis of P. vivax malaria infection was based on the examination of
Giemsa-stained thick blood films. Polymerase chain reaction (PCR) with species-specific
primers was performed on DNA isolated from the blood samples to further verify P. vivax
infections.

Blood samples were collected from additional 32 peoples residing in the same P. vivax-
endemic area. These subjects serving as “immune controls” (IC) did not have acute P. vivax
infections at the time of blood collection as determined by both microscopy. A further 20 healthy
adults living in Bengbu city area without previous malaria exposure or antibodies to malaria
parasites were recruited to serve as “naive controls” (NC). The clinical characteristics of the
subjects are listed in Table 1. This study was approved by Ethical Approval Committee of
Biomedical Institute of Anhui Medical University. Informed consents were obtained from each

individual before a blood sample was taken.

Parasite cultures and antigen preparations

P. vivax-infected red blood cells (iIRBC) purified from infected blood was used as crude
antigens for coating. 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 g for 5 minutes. The
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Carlsbad, USA) supplemented with 25% human AB serum. P. vivax parasites were maintained in
an incubator containing 5% CO», mo.x, 0, and 90% N, until matured to schizont stage (=6 nuclei).
The late stage iRBC were enriched by centrifugation using 60% Percoll (GE Healthcare,
Uppsala, Sweden) at 1190 g for 10 minutes. The enriched iRBC pellets were sonicated for 40
seconds at 150 watts and the protein concentration was determined by the Bradford assay (Bio-
Rad, Hercules, USA). The vials were then aliquoted and stored at -70°C until use. Uninfected
RBC were processed similarly as above and the protein concentration equal to the malaria

antigens was stored at -70°C to be used as a negative control.

Protein expression and purification

PVMSP1 (19)

Briefly, blood filtered paper from isolated P. vivax infected patients was used to get genomic
DNA then PCR was used to get MSP1(19) gene by using designed primers in Table. Sequences
were cut by using BamHI and Xhol and verified. Verified sequences were cloned into pET28a
vector. Protein was expressed in E. coli BL21 by culturing in LB medium. IPTG was used for
protein induction and cell pellet was collected and sonicated. Protein was purified by using
native condition as described by manufacturer’s protocol [Qiagen, USA]. Supemnatant was
collected and protein was purified by Ni-NTA beat (bind to 6His-tag). Finally, protein was eluted

and checked expression by SDS-PAGE.

PVAMAL1
PCR was used to get PVAMA-1 gene by using designed primers in Table. Sequences
were cut by using Ndel and Xhol enzymes and verified. Verified sequences were cloned into

pET22b vector. Protein was expressed in E. coli BL21 by culturing in LB medium. IPTG was



used for protein induction and cell pellet was collected and sonicated. Protein was purified by
using denaturing condition as described by manufacturer’s protocol [Qiagen, USA]. Supernatant
was collected and protein was purified by Ni-NTA beat (bind to 6His-tag). Finally, protein was

eluted and checked expression by SDS-PAGE.



Results
Naturally anti-P. vivax IgG antibody responses after infected with P. vivax comparing

between Thai and Chinese P. vivax infected patients

Anti-Crude PV

There was significantly difference of base line level of IgG among naive controls against P.
vivax crude antigen between Chinese (0.07) and and Thai (0.03) (MD=0.07, 95%CI=0.04-0.1,
P<0.001). After infection by P. vivax, the significant elevation of IgG was found both Chinese
(0.85) and Thai (0.14) infected patients. However, P. vivax infected patients from Chinese was
found the increasing in the level of IgG higher than Thai infected patients. In similar to naive
control, the immune controls among Chinese patients (0.8) had higher level of IgG against P.

vivax crude antigen than Thai patients (0.07).

Anti-P. vivax MSP-1(19)

Base lines of mean level of total IgG to PvMSP1(19) among healthy controls of Thai and
Chinese population living outside (naive controls) and inside (immune controls) endemic area
was compared. We found that there was higher levels mean of total IgG among Thai (0.03) than
Chinese naive controls (0.3) (P<0.001). Moreover, the level of antibodies in peoples living in P.
vivax endemic area was significant different between Thai (0.31) and China population (0.06)
(P<0.001). We found two samples of Thai healthy control had IgG to PvMSP1(19) as high as P.
vivax infected patients as shown in above figure, so we excluded this samples to calculate the

value. Among both population, the mean level of total IgG to PvMSP-1(19) was significantly



increased during acute P. vivax infection in both of Thai (0.8) (P<0.001) and Chinese (0.5)
(P<0.001). Interestingly, we found the significantly higher of these levels among Thai than China

P. vivax infected patients (P=0.02).

Anti-P. vivax AMA-1

The mean level of total IgG against PvAMA-1 among healthy controls living outside the
P. vivax endemic area was very low both of Thai (0.1) and Chinese population (0.03). However,
there was the significant higher among Thai than Chinese (P<0.000). There was higher level
among Thai (0.2) than Chinese immune comtrols (0.1) (P<0.001). We also found non significant
difference between healthy donors among Thai peoples living inside and outside endemic areas
(P>0.05), which was contrasted with Chinese (P<0.001). During acute P. vivax infection, there
was significant higher comparing with naive controls ((Thai P=<0.001, Chinese P<0.0.001).
However, among P. vivax patients population, we found no significant different between Thai
(0.3) and China (0.2) population (P=-0.15). We also found a sample of P. vivax infected patient

had obviously high level of IgG to PvAMA-1, so we did not use this data to calculate.

Cross-reactivity between P. vivax and P. falciparum antigens; comparative study
between Chinese and Thai P. vivax infected patients

To examine the cross-reactivity between P. vivax and P. falciparum antigens, the P. vivax

and P. falciparum crude antigens were used as coated antigen on the plate. The median

percentage of base line level of IgG in naive controls among Chinese was very low (0.003) and

significantly lower than that of Thai (0.04) domors (MD=0.07, 95%CI=0.04-0.1, P<0.001).

Moreover, we also found the significant higher level of IgG against P. falciaprum antigens in



immune controls among Thai (0.18) than Chinese (0.01) (MD=0.6, 95%CI=0.45-0.75). After
infection with P. vivax, patients have had higher level of IgG against P. falciparum

(Chinese=0.07, Thai=0.36).

Discussion

In this study, we have evidence that Thai villagers having had P. vivax infection and
living in the endemic area do not produce high level of crude P. vivax-specific IgG [14].
However, in an assay with proteins extracted from the parasites. Since this has been tested with
the complex proteins in the crude extract from P. vivax-infected erythrocytes, we have confirmed
the presence of antibodies to P. vivax antigens by testing with noo.oBE:m: P. vivax proteins, i.e.
PvMSP1,9 and PvAMAI1, and compared the level of natural antibodies between two P. vivax
endemic areas, Chinese and Thai. The species specific antibodies could tell us the cross-

reactivity between P. falciparum and P. vivax which lead to the examination of epidemiological

status 1n those areas.

Various immunoglubulins are produced and IgG is the most important [15], Previously, a
passive transfer of immune IgG to Gambian children provides protection [16]. The immunity
against blood stage of P. falciparum infection is associated with class and subclass of 1gG
antibody [17]. Similarly, IgG1 and IgG3 are predominant among P. vivax-infected patients with
history of malaria [18]. Recent study has shown anti-P. vivax merozoite surface protein 1 (MSP-
1) IgG among subjects with distinct degrees of malaria exposure in endemic area. The IgG1 and
IgG3 against P. vivax are higher among the subjects with a 1 year-exposure period than the
group with >19 years of exposure [19]. PvMSP119 is shown to induce immunity in non-human

primates [6].
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Our study showed the significant lower of base line level of anti-crude P. vivax IgG among
Chinese than Thai. We found the Emrwn level of anti-crude P. vivax IgG in Chinese than Thai
immune controls. Moreover, this level was very high in similar to that showed in the acute P.
vivax infection. This could be the P. vivax endemicity in China was more than Thai, even these
two area are hypo-endemic area.

However, in contrast to what we found in anti-crude P. vivax IgG, the base line level of anti-
MSP-1 and anti-AMA-1 IgG was significantly lower in naive controls of China than Thai. This
could be hypothesized that the IgG among Thai donors can recognize a part of peptide of MSP-1
or AMA-1, therefore they can develop IgG against these peptides. Another possible reason could
be all of these malaria naive donors have had malaria experiences, but asymptomatic conditions’
among Thai healthy donors, therefore, they can develop and maintain the low level of antibodies
in their circulation.

Crude P. falciparum msamo:,m was used in this study to determine the species specific
msmcom% and the cross-reactivity. We found the very low level of base line IgG antibody among
both of healhy controls and immune controls of Chinese donors. After infected with P. vivax,
Chinese patients also develop a bit of P. falciparum antibodies. These results were in contrast to
those found in Thai. The higher level of base line of anti-P. falciparum IgG was found among
healhy and immune controls. Moreover, development of anti-P. falciparum IgG in Thai P. vivax
infected patients were much more higher than Chinese. This could be suggested the accuracy of
species specific of total IgG. Moreover, his could be told us the higher risk or incidence of P.
falciparum infection in Thailand was more than China. This also could be told us the P.

falciparum infection experience in their life during staying in malaria endemic area. Therefore,
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Thai patients living in malaria endemic area could develop P. falciparum antibody and maintain

this level in their body.
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Table 1 Information and Clinical data of P.vivax patients, immune and naive controls®

No. Sex Age Hect Temperature | Parasitemia
M (%0) (°C) (%)
Chinese
Naive controls
Immune controls
Acute P. vivax
Thai
Naive controls 27 15 12 3212 413 37.5+05 0
(15-70) (37 - 48)
Immune controls 53 40 13 40 £15 47+7 36.8+0.4 0
(16 - 77) (34 - 64) (36-37)
Acute P. vivax 52 32 20 32412 416 37.8+13 0.4+04
(15 - 70) (30 - 63) (34-40) | (0.02-1.2)
Table 2 the PCR primers
Name Sequences 5’2 3’ (enzymes)(vectors)
PvMSP1(19) Forward CG GGATCC aat gtg caa act cag tta tta ac (BamHI) (PET28a)
PvMSP1(19) Reverse CCG CTC GAG gct gga gga gct aca gaa aac (Xho I)
PvAMA Forward GGAATTC CAT ATG acc gtt gag aga agc aca cg (Nde I) (PET22b)
PvAMA Reverse CCG CTC GAG tag tag cat ctg ctt gtt cg (Xhol)
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Figure legends

Chinese (Anti-crude PV) Thai {Anti-crude PV}
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Fig. 1 Absorbance (405 nm) value of IgG antibody reacting with crude P. vivax antigens in
the naive controls (NC), immune controls (IC), acute P. vivax infection (AC) comparing between
Chinese and Thai. Data are shown in median, interquartile ranges (box plots), maximum and

minimum (upper-lower lines).
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Fig. 2 Absorbance (405 nm) value of IgG antibody reacting with recombinant P. vivax MSP-
1o protein in the naive controls (NC), immune controls (IC), acute P. vivax infection (AC)
comparing between Chinese and Thai. Data are shown in median, interquartile ranges (box

plots), maximum and minimum (upper-lower lines).
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Fig. 3 Absorbance (405 nm) value of IgG antibody reacting with recombinant P. vivax
AMA-1 protein in the naive controls (NC), immune controls (IC), acute P. vivax infection (AC)
comparing between Chinese and Thai. Data are shown in median, interquartile ranges (box

plots), maximum and minimum (upper-lower lines).
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Fig. 4 Absorbance (405 nm) value of IgG antibody reacting with crude P. falciparum
antigen in the naive controls (NC), immune controls (IC), acute P. vivax infection (AC)
comparing between Chinese and Thai. Data are shown in median, interquartile ranges (box

plots), maximum and minimum (upper-lower lines).
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Introduction

In Thailand, major malaria endemic areas are located along the Thai-Myanmar and Thai-
Cambodian borders. Malaria prevalence in these areas is increased indicating the potential risk of
drug resistance. In certain area of Srakaew, P. vivax infection is >90% of the infected cases. In
most cases, villagers have immunity to the parasites, which may help reducing disease severity.
However, this does not prevent subsequent infections. One of the major interests is that how host
responds in order to eliminate the parasites, and how possible can the immune response protect
host from the infection and severe manifestations. Measuring level of the antibody to P. vivax
parasite among indigenous villagers of endemic area will be a good parameter for evaluation of
the baseline immunity. Cell-mediated immune response, having specificity to a particular antigen
of P. vivax parasite, elicited during the repeated episodes of infection will determine how
efficient the patients can protect themselves from the disease.

T cell activation by malaria parasites plays an important role in elicitation of protective
immunity against the disease. Various T cell populations categorized by a number of phenotypic
markers are responsible for different functions. Function of various mononuclear leukocytes
determines effectiveness of the cell-mediated response to malaria. Depending on the antigen
presentation and stimulation of the specific parasite proteins, particular T cell phenotypes will
expand. As shown earlier that expansion of gamma/delta T cells play roles in innate immunity to
malaria infection (Stevenson and Riley 2004). Our previous study has shown a similar increase
of gamma/delta T cells in acute and convalescent P. vivax infection (Jangpatarapongsa et al.
2006). However, function of these T cells is not verified, whether they are for or against the P.
vivax parasite. Antigen-specific T cells recruited during P. vivax infection can either eliminate or

promote the parasites. There is an immune suppression caused by the presence of P. falciparum



parasite during acute infection (Hisaeda et al. 2005). However, there is limited information about
how patients primarily respond to acute P.vivax infections, and much less understanding about

how immune surveillance would be in a carrier having hypnozoites in the liver.

Antigen recognition by human T cells is mediated through two types of T cell receptor
(TCR) consisting of alpha/beta and gamma/delta chain which are associated with CD3 surface
molecules. The vast majority of lymphocytes in the peripheral blood (>90%) express the
alpha/beta TCR whereas about 6-8% bear the gamma/delta TCR. gamma/delta T produce various
cytokines and act as MHC restricted and non-restricted cytotoxic effector cells (Haas et al.
1993). gamma/delta T cells are elevated in acute or convalescent P. falciparum infection
(Bordessoule et al. 1990; Ho et al. 1990; Roussilhon et al. 1990; Ho et al. 1994). An increase of
gamma/delta T cells is in non-immune P. vivax patients during paroxysms (Perera et al. 1994),
and gamma/delta-memory T cells in acute and convalescent period (Jangpatarapongsa et al.
2006). Activation of gamma/delta T cells but not alpha/beta T cells from malaria naive donors
inhibits blood stage parasite replication (Elloso et al. 1994; Troye-Blomberg et al. 1999) and
induces production of pro-inflammatory cytokines (Troye-Blomberg et al. 1999). Recent study
has shown that gd T cells can inhibit the growth of P. falciparum in vitro by cytolytic pathways
suggesting that these cells have protective function involving both cytotoxic and regulatory
mechanisms against malaria infection. However, the direct killing mechanism of these cells
during P. vivax infection has not yet been investigated. This studies aims to study and compare
the killing mechanism of yd T cells against two major malaria species: P. falciparum and P.

vivax.



Materials and methods

Isolation and activation peripheral blood mononuclear cells (PBMC)

Venous blood from five healthy donors was collected in heparinized tubes and PBMC
were separated by gradient centrifugation using Lymphoprep™ (AXIS-Shied PoC AS, Oslo,
Norway) according to the manufacturer’s recommendations. The PBMC pellet were resuspended
in RPMI 1640 supplemented with 10%fetal calf serum (FCS), and then plated in 24-well plates
at a concentration of 1x10%ml together with 30 mg/ml Isopentenylpyrophosphate (IPP) for 2
weeks with addition of 20 U/ml rhIL-2 every 3 days exclusion. At day 14, cells were washed
twice in TCM, counted, phenotyped by flow cytometry and used as effector cells in the parasite
reinvasion/growth inhibition assays. PBMC at the same amount of gamma delta were used t0
compared. % growth inhibition of the parasite was calculated according to the following
equation (Farouk et al. 2004): %parasite growth inhibition = (% parasitemia in control — %

parasitemia in test) / (% parasitemia in control) x100.

Parasite cultures

P. falciparum (AMBA47) and P. vivax infected blood collected from endemic area wa used
for intact parasites in the studies. 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 g for 5 minutes. Both
parasites were adjusted to be 2% parasitemia, m,.xv Hematocrit (Hct) before co-culturing with
PBMC or y8 T cells. Co-cultured parasites were maintained in an incubator containing 5% CO2,

5% O, and 90% N,. Uninfected RBC was processed similarly as above was used as a base line.



In vitro stimulation of PBMC

PBMC (1x10%, 1x10° and 2 x 10° cells/well) in RPMI-1640 supplemented with 25 mM
HEPES, 1.8 mg/ml D-glucose, 2 mM glutamine, 40 mg/ml of gentamicin and 10% heat-
inactivated FCS were cultured for 3 days at 37°C in a humidified chamber with 5% CO,, 5% O,
and 90% N, in the presence of Intact P. falciparum or P. vivax parasites at a 2% parasitemia and
5% Hct. Medium alone, 1x10° cells/well of NRBC extracts or were used as negative control and
base line level, respectively. All experiments were performed in duplicates. After activation, the

cells were harvested and stained for the gamma deta T cells and interested markers.

Intracellular staining and flow cytometric (FCM) analysis

For surface marker by the three-color FCM analysis, harvested cells were stained with a
combination of fluorochrome-conjugated monoclonal antibodies (mAbs): RPE-Cy5-labeled anti-
CD3 (Caltag, Burlingame, USA) and RPE-anti-gamma9 (Immunotech, Marseille, France) and
FITC-labeled anti-CD69 or FITC-labeled anti-CD25 for 30 min at 4°C and washed with
phosphate-buffered saline (PBS). Cells were fixed with 1% paraformaldehyde and data
acquisition and analysis on FACSCalibur using the CELLQUEST software (Becton Dickinson,

San Jose, USA).

For intracellular, after staining with RPE-Cy5-labeled anti-CD3 (Caltag, Burlingame,
USA) and RPE-anti-gamma9 (Immunotech, Marseille, France), the cells were fixed with 1%
paraformaldehyde and washed with a permeabilizing solution. After incubation in the
permeabilizing buffer for 20 min at room temperature, the cells were incubated with FITC-

labeled anti-CD107a and then washed with PBS.



Results
Growth inhibition of P. falciparum parasites by Y6 T cells

The median percentage of parasites growth inhibition was increased everyday when
intact P. falciparum parasites were co-cultured with PBMC (Fig. 1A) and gamma delta T cells
(Fig. 1B). the % growth inhibition was dose dependence manner. At day 2, we found the higher
of growth inhibition in 1x10° cells/well of gamma delta T cells than PBMC. However, the

growth inhibition was not difference if we put more amounts of cells co-culturing with parasites.

Activation of Y3 T cells by P. falciparum parasites

The median level of CD3 gamma9’ T cells in PBMC was decreased increased at day 2
stimulation (Fig 2A). However, gamma delta T cells were maintained and increased after day 2
stimulation with intact P. falciparum parasites (Fig. 2B). Moreover, the highest level of
gamma9" T cells was intact parasites co-culturing with 10° cells/well. The high amount of cells
resulted in decreasing of gamma9 T cells activation. The similarly results were shown in both
PBMC and enriched gamma9 T cells. Therefore, the activation of gamma9 T cells was dose

dependent manner.

Early activation of y3 T cells by P. falciparum parasites

Normally, CD69" molecule was expressed at the early stage of activation. The gamma9
T cells activation level from Fig. 1 was also confirmed the cells activation status. In concordance

with gamma9 T cells activation, we found the early activation marker (gamma9’CD69™ T cells)



were expressed at day 2 in PBMC (Fig 3A), and day 1 in gamma delta T cells after activation
with intact P. falciparum parasites (Fig. 3B). Moreover, the early activated marker was increased

when amount of gamma delta T cells was increased (Fig 3B).

Activation of lysosomal-associated membrane protein-1 (LAMP-1) intracellularly

expression in Y6 T cells by P. falciparum parasites

Lysosome associated membrane protein-1 (LAMP-1 or CD107a) are major protein
components of the lysosomal membrane. Protein components of the lysosomal membrane also
mediate a number of essential functions of this compartment, including the acidification of the
lysosomal lumen, transport of amino acids, fatty acids, and omzuog&amhom resulting from the
hydrolytic degradation (Eskelinen 2006). In addition, lysosomal membrane proteins may be
involved in the interaction and fusion of the lysosomes with themselves as well as with other cell

components, including endosomes, phagosomes, and the plasma membrane (Fukuda 1991).

In this study, we determined the cytolytic activities by quantification of the levels of
mmBEwoJrQu_oqur T cells expressed intracellular of gamma delta T cells (Fig. 4). In
concordance with the activated marker AOU%J, the median percentage of mmBEmQOUE\Nmﬂ T
cells was increased in gamma delta T cells co-culturing with intact P. falciparum parasites which
was higher than was found in PBMC. Interestingly, the expression of CD107a+ was highest in

lower amount of cells (1 0° cells/well).

Gamma/delta T cells in acute P. vivax infected patients



Gamma/delta T cells are activated during acute P. vivax infection and the high level is
maintained after treatment (Fig.5). We hypothesize that the gamma/delta T cells can eliminate

the parasites and therefore control parasitemia to subside the disease severity.

Activation of Y8 T cells by P. vivax parasites

At the first donors, the percentage of CD3 gamma9” T cells expressing on lymphocytes
was increased after PBMC co-culturing with intact P. vivax ﬁ&mmﬁ@m (Fig. 6). However, the level
of CD3*gamma9" T cells was increased after enriched gamma delta T cells was co-cultured with
intact P. vivax parasites at day 2 and maintained at day 3. We also found the increasing of
CD3*gamma9" T cells was increased at high amount of cells, suggesting that this level was dose

dependence.

Early and late activation of Y3 T cells by P. vivax parasites

The gamma9 T cells activation was also confirmed the cells activation status. In similar
to what we found in P. falciparum, CD3*gamma9" T cells of the PBMC co-culturing with intact
P. vivax parasites also expressed CD69" at early stage (day 1) (Fig. 7A). Moreover, we found the
early activation marker (gamma9'CD69" T cells) was expressed at day 1 in gamma delta T cells
after activation with intact P. vivax parasites (Fig. 7B). Moreover, the early activated marker was

increased when amount of gamma delta T cells was increased (Fig 7A,B).

In contrast to early stage activation, the CD25" expressing on CD3"gamma9” T cells was

expressed at day 3 activation in PBMC co-culturing with intact P. vivax parasites (Fig. 7C).
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However, the level of CD3"gamma9"CD25" T cells in gamma delta T cells co-culturing with P.
vivax parasites was expressed at the first day stimulation (Fig. 7D). The activation was also dose

dependence manner.

Activation of lysosomal-associated membrane protein-1 (LAMP-1) intracellularly

expression in Y8 T cells by P. vivax parasites

In comparison with what we found in P. falciparum, we also determined the cytolytic
activities expressing of CD107a" intracellularly of gamma delta T cells in PBMC or gamma delta
T cells co-culturing with intact P. vivax parasites (Fig. 8). The level of CD3*gamma9"CD107a"
T cells was increased at day 0 m:.a rapidly decreased at day later (Fig. 8A). In contrast to what we

found in PBMC, the level of gamma9"CD107a" T cells was increased in gamma delta T cells co-

culturing with intact P. vivax parasites at day 2 and rapidly decreased at day later.
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KILLING MECHANISM 'OF PLASMODIUM VIVAX PARASITES BY GAMMA-DELTA T CELLS

K. Jangpatarapongsa’?, S. Loharungsikul, L. Treeratanapiboon®, S. Promwan’, K. Dabkam', S. Hongeng®, K. Chotivanich®, D. Polpanich®, J. Sattabongkot’, J
chaisinthop®, L. Cui’, R. Udomsangpetch’?

IFaculty of Medical Technology, Mahidol University, Department of Clinical Microbiology, Bangkok, Thailand, *Faculty of Science, Mahidol University, Depar
of Pathobiology, Bangkok, Thailand, *Faculty.of Medical Technology, Mahidol University, Dep 1t of Parasitology, Bangkok, Thailand, *Faculty of Med
Ramathibodi Hospital, Mahido} tniversity, Bangkok, Thailand, *Faculty of Tropical Medicine, Mahidol University, Department of Clinical Tropical Medicine,

kok, Thailand, *National Nanotechnology Genter, National Science and Technology Development Agency, Pathumthani, Thailand, ’AFRIMS, Department of
mology, Bangkok, Thailand, *Center of Malaria Research and Training, Ministry of Public Health, Saraburi, Thailand, *The Pennsylvania State University, D«
ment of Entomology, State College, United ‘States

Objectives & methods: An increasing of gamma-delta T cells during acute P. vivax infection and convalescent period has been reported. Moreover, the activ
of gamma-delta T cells leads to the inhibition of blood stage P. falciparum parasites in vitro. Te determine the killing mechanisms of P. vivax parasites by ga:
delta T cells comparing with what has been found in P. falciparum, the gamma-delta T cells were enriched by Isopentenylpyrophosphate (IPP) from naive P
Different number of gamma-delta T cells and normal-PBMC were incubated with intact of P. vivax parasites and protein extract of P. vivax parasites, recomb
PVMSP1,5 and PvAMA1 proteins. Gamma-delta T cells was daily determined the cytokine and granzyme intracellular releasing by Flow cytometry until day .
turing.

Results: Among the enriched gamma-delta T cells, the percentage of cells expressing CD69* and CD25" was elevated after coculturing with intact and the
teins of P. vivax parasites. The overall gamma-delta T cells showed proliferadon at day 3 after the co-cultivation. Moreover, the gamma-delta T cells expressing
gamma” and CD107a* (lysosomal associated membrane proteins: LAMP-1) elevated from the first day of PBMC collection after co-culturing with the intac
P. vivax antigens. This level was correlated with the significantly decreasing number of parasites and the increasing percentage of parasite growth inhibition
Conclusion: Our results showed the activation of gamma-delta T cells during P. vivax infection in vitro. This suggests that gamma-delta T cells could be stisnal
by P. vivax parasites and these actively activated gamma-delta T cells could kill the parasites via mechanism of granzyme and cytokines at the early stage of cell
vation. This study provides more understanding in activation of the innate immunity during acute malaria infection which may lead to the selection of approf
malaria proteins as vaccine candidates in the future.

ANALYSIS OF INVARIANT NKT CELLS OF PATIENTS WITH ATOPIC DERMATITIS BY FLOW CYTOMETRY

E. Gyimesi’, S. Sipka’, M.S. Szdrazné', A. Szegedi®

University of Debrecen, Medical and Health Science Centre, 3rd Deparunent of Internal Medicine, Debrecen. Hungary, *University of Debrecen, Medicai
Health Science Centre, Department of Dermatological Diseases, Debrecen, Hungary

Objectives: Several evidence suggest that invariant NKT cells (iNKT) connect innate and acquired immune system. They are able to produce both Thl and
cytokines after stimulation. Atopic dermatitis (AD) is a chronic inflammatory skin disease. Th1-like and Th2-like cytokines have been implicated in the pathog
sis of AD, burt there are controversial data on their role in AD.

Methods: The frequency and absolute number of iNKT cells in mononuclear cells (PBMCs) of peripheral blood of patients with atopic dermatitis (AD) (n=43]
healthy controls (n=13) were determined by flow cytometry using anti-CD3 and monoclonal antibody specific for the CDR3 loop of the invariant TCR a cha
iNKT cells (clone:6B11). Furthermore, after PMA/ionomycin stimulation for 4 hours, intracellular IFNy and IL-4 cytokines were detected in CD4+CD8-, CD44
(DN), CD4-CD8+ and CD4+CD8+ subsets of iNKT cells by five colour flow cytometry in patients with AD (n=10) and healthy controls (n=10).

Results: Both frequency and absolute number of iNKT cells were significantly lower in patients with AR (P< 0.01) compared to healthy controls. The frequ
of DN subpopulation was significantly lower in AD patient (P< 0.01). There was a positive correlation between the frequency of DN cells and iNKT cells bo
AD patients (R=0.726 and P< 0.001) and healthy controls (R=0.693 and P< 0.001). In the intracellular IFN+ level there were no significant difference in ar
the iNKT subsets of AD patients, however the intracellular IL-4 level was significantly higher in DN subpopulation of iNKT cells of AD patients compared to he:
controls (P< 0.05).

Conclusion: The frequency, the number of iNKT cells and the cytokine producing capacity of the CD4/CDS8 iNKT subsets are different in peripheral blood obta
from AD patients compared to healthy controls.

Our result suggest that the DN iNKT cell subset can serve as a source of IL-4 that promotes the Th2 differentiation in AD patients and might play a role in the pa
genesis of this disease.

ISOLATION OF MURINE INTRAHEPATIC IMMUNE CELLS EMPLOYING A MODIFIED PROCEDURE FOR MECHANICAL
DISRUPTION AND FUNCTIONAL CHARACTERIZATION OF THE B, T AND NATURAL KILLER T CELLS OBTAINED
M.R. Qazi', K.G. Blom’, J.B.N. Matos', B.D. Nelson', J. De Pierre’. M. Abedi-Valugardi'

!Stockholm University, Biochemistry and Biophysics, Stockholm, Sweden

Introduction: Intrahcpatic immune cells (IHIC) are known to play central roles in immunological responses mediated by the liver, and isolation and phenot
characterization of these cells is therefore of considerable importance.

Aims: In the present investigation, we developed a simple procedure for the mechanical disruption of mouse liver that allows efficient isolation and phenct
characterization of IHIC. These cells are compared with the corresponding cells purified from the liver after enzymatic digestion with different concentratior
collagenase and DNase.

Results: The mechanical disruption yielded viable IHIC in considerably greater numbers than those obtained following enzymatic digestion. The IHIC isol
employing the mechanical disruption were heterogeneous in composition, consisting of both innate and adaptive immune cells, of which B, T, natural killer (¢
NK T cells, granulocytes and macrophages were the major populations (constituting 37.5%, 16.5%, 12.1%, 7.9%, 7.9% and 7.5% of the toral number of cells re
ered respectively). The IHIC obtained following enzymatic digestion contained markedly lower numbers of NK T cells (1.8%). The B, T and NK T cells among |
isolated employing mechanical disruption were found to be immunocompetent, i.e. they proliferated in vitro in response to their specific stimuli (lipopolysac
ride, concanavalin A and alpha-galactosylceramide respectively) and produced immunoglobulin M and interferon-gamma.

Conclusions: Thus, the simple procedure for the mechanical disruption of mouse liver described here results in more efficient isolation of functionally compe
IHIC for various types of investigation.

THE FUNCTION AND CHARACTERISTICS OF SUPERANTIGEN SEB-ACTIVATING CD8*NKT CELLS

Y. Chen', Y.L. Guo', J. Zhong?, S.L. Zhang?

!General Hospital of PLA, Institute of Basic Medical Sciences, Department of Immunology, Beijing, China, 2Fudan University, School of Life Science, Microbiol
and Microbial Biotechnology, Shang Hai, China

Nature Killer T cells (NKT) are a special T cell population with co-expresses NK and T cell surface markers. Murine NKT cells include CD4* NKT and CD4 CD&3%
cells. NK1.1* NKT cells may release large amounts of IL-2, IL-4, IFN-y and IL-10 after they are activated. It has been reported that a-Galactorsykeramide (a-Gale
a glycolipid, may induce proliferation of NKT cells with the role of immune regulation by stimulating mouse spleen cells. This study demonstrated that supers
gen staphylococcal enterotoxin B (SEB) , a kind of peptide, can activate the NKT cells with the function of immune tolerance. The response ability of SEB-activa
effect cells to ConA, LPS and IL-2 had significantly decreased compared with that of normal lymphocytes. The effect cells exerted an inhibitory effect for
response of normal lymphocytes to ConA and IL-2. There was a significantly increase in the percent of CD8 NK1.1* and TcCRVB8 *NK1.1* NKT cells identified &
the SEB-activated cells. Based on the cell distribution detected in the upper part of the FACS picture, expression of CD69 molecule existed in 68.95% of the ¢
from large-scale selection. The percent of CD8*NK1.1" and TcRVB8 NK1.1* NKT cell subsets in the giant lymphocytes were enhanced to 84.0 and 389 fg
respectively. Under a light microscope at x400 magnification, the SEB-activating lymphocytes in size were larger than not only the ConA-activated cells but alse
adherent macrophages with an increase of 5 fold observed under a microscope. There were a few granules seen in cytoplasm. The value of cytoplasm vs nuclef
less than 1.0 and they are non-adherent cells. The differentiation pathway of the SEB-activating CD8* and TcRVB8~NKT cells was not relative to a NK source. T
were produced directly from T cell population and were considered as a subsets of T lymphocytes. Our results suggest that the superantigen SEB can #ct oxf
CD8*NKT cell and TcRVB8“NKT cells. And the two NKT cell subsets may play a critical role in SEB mediated tolerance. ,

INTESTINAL INTRAEPITHELIAL v5 T CELL SHAPE THEIR CELLULAR ENVIRONMENT THROUGH TCR-DEPENDENT z
PRODUCTION OF CHEMOKINES AND CYTOKINES w
F. Malinarich’, E. Grabski’, T. Worbs®, R. Férster’, M. Hermoso', 1. Prinz® b
'Universidad de Chile, Facultad de Medicina, ICBM, Programa de Inmunologfa, Santiago, Chile, *TWINCORE - Centre for Experimental and Clinical Infeq
Research, Hannover, Germany, *Medizinische Hochschule Hannover (MHH), Institut fir Immunologie, Hannover, Germany i

¥d T cells in the intestinal intraepithelial compartment (y6 ilEL) show an intrinsic activated phenotype. We hypothesised that their T cell receptor y3 Q.n.a%
implicated in the activation of vd ilEL. Because the TCR v ligands in mice are not well described, monoclonal antibodies (inAb) directed against the v TC,
the clone GL3 which binds the & subunit of TCR yd, are important tools to specifically activate vd T cells. Using cytometric Indo-1AM measurement, we could
calcium flux of intestinal and peripheral yb T cells from TCRd-H2BeGFP reporter mice. Stimulation with anti-yd clone GL3 or anti-CD3 clone 2C11 elicited ow
tion of y& T cells suggesting that TCR yd and CD3 molecules in v T cells are functional and signalling competent. )
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sion was found in the B-cell zone after low-dose injection only: A much stronger T-cell proliferation was induced after high-dose injection of SRBC. This newly

formed T cells did not respond to the second encounter with SRBE in the footpad. This unresponsiveness remained even after transferring the T cells into a naive
host and challenging them again with SRBC. ’ :

Conclusion: We conclude that the absent DTH reaction after ,Eww.mgm injection of SRBC is not due to lower numbers of T cells. We hypothesise that the newly
formed T cells-are either unable to migrate into the skin or are regulatory T cells which suppress the DTH reaction in the skin.

LIVER SINUSOIDAL ENDOTHELIAL CELLS INDUCE ANTI-INFLAMMATORY CD4" T CELLS SUPPRESSING MURINE
AUTOIMMUNE HEPATITIS

N. Kruse', A. Schrage', K. Neumann', K. Derkow?, E. Schott?, A. Kithl®, C. Loddenl per’, A. H; *, K. Klugewitz!

IMedizinische Klinik I, Charité, Universitatsmedizin Berlin, Berlin, Germany, *Medizinische Klinik m.S. Hepatologie und Gastroenterologie, Charité Campus Vir-
chow, Berlin, Germany, *Medizinische Klinik I, Research Center ImmunoSciences (RCIS), Charité, Universitatsmedizin Berlin, Berdlin, Germany, “Exp. Rheumatolo-
gie, Charité, Universititsmedizin Berlin, Berlin, Germany

Objectives: Cellular mechanisms that maintain the intrahepatic immune balanee are crucial in viral or autoi e liver diseases and for allograft acceptance. For
naive CD8"* T cells, liver sinusoidal endothelial cells (LSEC) have been shown to act as non-professional antigen presenting cells and thus induce tolerance by inhi-
bition of cytotoxicity. In this study we investigated consequences of CD4* T cell priming by LSEC.

Methods: Priming by LSEC was investigated in bone marrow chimeric mice expressing MHC class 1l exclusively on non-hematopoietic cells. We studied the cyto-
kine expression of LSEC primed CD4*T cells (Tisec) and determined the stability of their phenotype in vivo by adoptive transfer into congenic mice and immuno-
genic antigen application. Investigating suppressive capacities of Tygec we performed an in vitro suppression assay. The ability of T,sec to influence proinflammatory
reactions in vivo was analyzed in a model of T cell-mediated autoimmune hepatitis. Hepatic inflammation was monitored by ALT levels and histologic analyses. The
migration pattern of Tysgc Was investigated by an in vivo homing assay.

Results: We demonstrated that LSEC induce proliferation of naive CD4* T cells in vitro. Although the expression of CD45RB was downregulated in Tisgc, these
cells did not produce effector cytokines. This phenotype of T.sgc remained stable in vivo. The in vivo migration pattern of Tyggc was different from cells activated
by professional antigen presenting cells isolated from the spleen, since they showed enhanced homing into lymph nodes and the intestine while they were also pre-
sent in the liver. Interestingly, Tisc negative for CD25 and Foxp3, suppressed the proliferation of naive CD4* T cells in vitro. They did neither support a DTH reac-
tion nor a hepatic inflammation and were even able to suppress hepatitis.

Conclusion: Priming of naive CD4" T cells by LSEC leads to an anti-inflammatory phenotype here referred to as Tysgc. Thus liver sinusoidal endothelia may directly
contribute to limiting hepatic inflammation and supporting local tolerance towards exogenous antigens or endogenous self-antigens.

SPECIFIC T-CELL RESPONSES IN LESIONS AND PERIPHERAL BLOOD FROM PATIENTS WITH BURULI ULCER
K Becker', M. Badusche’, G. Bretzel?, K.-H. Herbinger?, W. Nienhuis®, O. Adjei*, B. Fleischer', M. Jacobsen’

1Bernhard-Nocht-Institute for Tropical Medicine, Hamburg, Germany, *University of Munich, Munich, Germany, *University Medical Centre Groningen, Groningen,
Netherlands, *Kumasi Centre for Collaborative Research, Kumasi, Ghana

Buruli ulcer disease (BUD), caused by Mycobacterium (M.) ulcerans, is a neglected bacterial infection of the poor in remote rural areas. BUD is a mutilating disease
leading to severe disability; it is the third most common mycobacterial infection in immunocompetent people after tuberculosis and leprosy most endemic in West
Africa.

There is some evidence that a T helper type 1-mediated immune response is protective against M. ulcerans but the role and distribution of antigen-specific T cells
in BUD lesions is hardly defined. In addition, analysis and diagnosis of specific T-cell immunity against M. ulcerans is hampered by concomitant infection with other
atypical mycobacteria, M. tuberculosis, and/or M. bovis BCG vaccination.

Here we determine the T-cell distribution of rwo ulcerative lesions and peripheral blood from a BUD patient using a quantitative PCR method for analyses of T-cell
receptor VB (TCR-BV) chains and compare the antigen-specific T-cell response in peripheral blood of children infected with M. uicerans or other mycobacteria using
in vitro restimulation with mycobacterial lysates and intracellular cytokine analyses.

TCR-BV chain analyses in two lesions from a BUD patient reveal differential expression of certain chains depending on the distance from the lesion center. Skewed
TCR-BV chains are different between two distinct lesions from the same BU patients. This suggests that T cells, which infiltrate the BUD lesions, are oligoclonally
expanded but a predominantly infiltrating subtype could not be identified.

Antigen-specific T-cell cytokine analyses of peripheral blood mononudlear cells from patients with BUD (n = 26) and other mycobacrerial infections (n =9) reveal
[FN-y, IL-2, and TNF-a secretion after stimulation with lysates and purified protein derivates from a non-toxic M. ulcerans strain, M. tuberculosis, and M. avium.
Despite crossreactivity against different mycobacterial lysates, ratios of specific T cells (percentage of M. ulcerans-specific T cells /M. tuberculosis- specific T cells
in individual donors) were significantly different between the BUD patients and donors with other mycobacterial infections. Therefore concomitant measurement

of T-cell cytokine expression after restimulation with different mycobacterial lysates can help to distinguish early infection with M. ulcerans from infection with
other mycobacteria.

PLASMODIUM VIVAX ALTERS IMMUNOSUPPRESSION CAUSED BY PLASMODIUM FALCIPARUM INFECTIONS

S. nr:mswmws?mrw K. Jangpatarapongsa®?, J. Sirichaisinthop®, J. Sattabongkot®, K. Pattanapanyasat®”, K. Chotivanich!, M. Troye-Blomberg®, L. Cui®, R. Udom-
sangpetch®”

*Mahidol University, Department of Clinical Tropical Medicine, Faculty of Tropical Medicine, Bangkok, Thailand, 2Mahidol University, Department of Pathobiology,
Faculty of Science, Bangkok, Thailand, *Mahidol University, Department of Clinical Microbiology, Faculty of Medical Technology, Bangkok, Thailand, “Center of
Malaria Research and Training, Ministry of Public Health, Saraburi, Thailand, >AFRIMS, Department of Enromology, Bangkok, Thailand, ®Mahidol University,
Department of Immunology, Faculty of Medicine, Siriraj Hospital, Bangkok, Thailand, "Mahidol University, Center of Excellence for Flow Cytometry, Office for
Research and Development, Bangkok, Thailand, *Wenner-Gren Institute, Department of Immunology, Stockholm, Sweden, *Pennsylvania State University, Depart-
ment of Entomology, Pennsylvania State, United States

Objectives: Plasmodium falciparum infection causes transient immunosuppression during parasitemic stage. However, immune response during simultaneous
infection with both P. vivax and P. falciparum has not been investigated. In particular, it is not clear whether host immune response to malaria will be different when
compare an infection with single malaria species versus mixed malaria species.

Methods: Human blood mononuclear cells from mixed P. vivax-P. falciparum infection were characterized by flow cytometry for the immunomodulatory role of
T cells. In addition, antibodies to parasite-derived proteins and to PfMSP-1,4 and PVMSP-1,4 recombinant proteins were determined.

Results: We found that CD3*delta 2*-TCR T cells, T-killer cell phenotype, were significantly higher in the acute-mixed P. vivax-P. falciparum infection compared
with either single P. vivax or P. falciparwm infection. Interestingly, mixed malaria-infection had the highest antibodies against both P. vivax and P, falciparum com-
pared with those antibodies obtained from the single malaria infection.

Conclusion: This suggests that co-infection with P. vivax could induce effector T-killer cells. In addition, antimalarial antibodies found in the mixed infection could
have protective role against disease severity in P. falciparum infection as shown by the lower parasitemia in the mixed infection group. These findings imply that
P vivax may help resolving the severity of P. falciparum infection.

PHENOTYPIC CHARACTERIZATION OF PERIPHERAL BLOOD MEMORY CD8+ T CELL SUBSETS, WITHIN DIFFERENT GROUPS
OF PATIENTS SUFFERING AMERICAN TEGUMENTARY LEISHMANIASIS (ATL) IN THE NORTHWEST OF ARGENTINA. FIRST
REGIONAL REPORT

C.M. Parodi', A. Barrio’, M.F. Garcia Bustos’, M.C. Mora’, F. Ramos', J. Beckar?, S. Monroig?, B. Ruibal-Ares®, M. M. E de Bracco®, M.A. Basombrio'

'Instituto de Patolog{a Experimental (IPE) CONICET, Salta, Argentina, *Hospital San Bernardo, Dermatology, Salta, Argentina, *Instituto de Investigaciones Hema-
tolégicas (IHEMA), Academia Nacional de Medicina, Cellular Immunology, Ciudad Auténoma de Buenos Aires, Argentina

Aim: Phenotypic characterization of CD8+ T peripheral cells from patients suffering ATL is the purpose of this work in order to better understand their role within
the pathology outcome.

Methods: Study groups: 1) 9 patients with diagnosis of ATL (infection duration: 5-20 years); 2) 5 ATL patients that received 2 or more complete therapy regimens
but suffered frequent relapses (infection duration: 5-20); 3) 2 acute ATL patients (infection duration: < 1 month); 4) 6 healthy subjects. Isolated, cryopreserved
and thawed peripheral blood mononuclear cells were stained with: Ant-CD3,-CD8,-CD57,-CD45R0,-CD27,-CD127,-CD45RA,-CD28 -FITC,-PE or -PerCP labelled
monoclonal antibodies (BD, Pharmingen). Results were evaluated by flow cytometry (FACScan cytometer, CellQuest software).

Results: Lower percentages of CD127, CD27, CD28 and “early” CD8+ T cells (CD27+, CD28+) were observed in the first two groups of patients compared to the
control group. Likewise, increase of “late” (CD27-, CD28-) and CDS7+ T cells was observed, indicating the presence of highly differentiated cells. As shown in the
table, these differences were more accentuated in group 1. On the other hand, no differences were fourid between acute ATL patients and the control group.

S393 &




s

£

o
h{,

woo

AssU:N3UNLOY

B

3
0
o
0
3

Bi- uo

aeonpg Jay
LALUNUEBSLUSLU

23
i
§

o

At
Ay i

uol




CHE - USDC Congress I

PC!- 19

.

Killing mechanism of Plasmodium vivax parasites by y5 T cells
Kulachart Jangpatarapongsa'?, Sasithorn Promwan' Kirasikan Dabkam', Somying
Loharangsikul!, Suradej Hongeng’, Kesinee Chotivanich®, Duangporn Polpanich’, Jetsumon
Sattabongkot®, Jeerapat Sirichaisinthop’, Liwang Cui® and Rachanee Udomsangpetch'”
_wmo:_q of Medical Technology, NmmoEQ of Science, °F aculty of Medicine, Ramathibodi Hospital,
*Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand.

*National Nanotechnology Center, National Science and Technology Development Agency,
Pathumthani, Thailand.  Department of Entomology, AFRIMS, Bangkok, Thailand. "Center of
Malaria Research and Training, Ministry of Public Health, Saraburi, Thailand. *Department of
Entomology, The Pennsylvania State University, PA 16802, USA

Objectives and Method

An increasing of y8 T cells during acute P. vivax infection and convalescent period
has been reported (Jangpatarapongsa K, e al. 2006). Moreover, the activation of ¥d T cells
leads to the inhibition of blood stage P. falciparum parasites in vitro (Troye-Blomberg, et al.
1999). To determine the killing mechanisms of P. vivax parasites by y8 T cells comparing
what has been found in P. falciparum, the y§ T cells were enriched by

Isopentenylpyrophosphate (IPP) from naive PBMC. The different number of y8 T cells of
normal PBMC was incubated with intact P. viv,

ax parasites, recombinant PvMSP1,9 and
PvAMAL proteins. After 5 days co-culturing, 8 T cells was determine the cytokine and

granzyme intracellular releasing by Flow cytometry.
Results

The percentage of y§ T cells in lymphocytes was elevated after PBMC co-culturing
with intact P. vivax parasites. Moreover, the enriched Y8 T cells were found the proliferation
at day 2 after co-culturing. At day 1 and 3 of Y8 T cells stimulation, we found the high level
of CD69" and CD25" expressing on y8 T cells respectively. This could tell us the early stage
of y6 T cells activation among lymphocyte populations by P. vivax.

As expected, by comparing with P. Jalciparum, we also determine the cytolytic
activities of y3 T cells by the intracellular expression of CD107a" during co-culturing with
intact P. vivax parasites. The level of enriched Y8 T cells expressing CD107a* was elevated
- at day 0 and rapidly decreased on further days. In contrast to what we found in normal PBMC

_stimulation, the increasing of v§ T cells expressing CD107a" was increased at day 2 and
¢ rapidly decreased on further days.

_Conclusion and Discussion

Our results showed the activation of v8 T cells during P. vivax infection in vitro. We
also showed the killing mechanism of Y8 T cells against P. vivax infection
; granzyme at early stage activation. These suggest that
vivax parasites at early stage of infection in blood stage.

by releasing of
Y8 T cells may play role against P.

3 Jangpatarapongsa K, Chootong P, Sattabongkot J, et al. Plasmodium vivax parasites
alter the balance of myeloid and plasmacytoid dendritic cells and induction of regulatory T
cells. Eur. J. Immunol (accepted). .

Xia H, Jangpatarapongsa K, Fang Q. et al. Immune response to Plasmodium vivax
on: A study in Thailand and the Central of China (manuscript in preparation).
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KILLING MECHANISMS OF PLASMODIUM VIVAX PARASITES BY GAMMA-
DELTA T CELLS
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Objectives & Methods: An increasing of gamma-delta T cells during acute P. vivax infection
and convalescent period has been reported. Moreover, the activation of gamma-delta T cells
leads to the inhibition of blood stage P. falciparum parasites in vitro. To determine the killing
mechanisms of P. vivax parasites by gamma-delta T cells comparing with what has been found
in P. falciparum, the gamma-delta T cells were enriched by Isopentenylpyrophosphate (IPP)
from naive PBMC. Different number of gamma-delta T cells and normal PBMC were incubated
with intact of P. vivax parasites and protein extract of P. vivax parasites, recombinant PvMSP1 5
and PvAMAT1 proteins. Gamma-delta T cells was daily determined the cytokine and granzyme
intracellular releasing by Flow cytometry until day S culturing.

Results: Among the enriched gamma-delta T cells, the percentage of cells expressing CD69
and CD25" was elevated after co-culturing with intact and the proteins of P. vivax parasites. The
overall gamma-delta T cells showed proliferation at day 3 after the co-cultivation. Moreover, the
gamma-delta T cells expressing IFN-gamma™ and CD107a+ (lysosomal associated membrane
proteins: LAMP-1) elevated from the first day of PBMC collection after co-culturing with the
intact and P. vivax antigens. This level was correlated with the significantly decreasing number
of parasites and the increasing percentage of parasite growth inhibition.

Conclusion: Our results showed the activation of gamma-delia T cells during P. vivax infection
i vitro. This suggests that gamma-delta T cells could be stimulated by P. vivax parasites and
these actively activated gamma-delta T cells could kill the parasites via mechanism of granzyme
and cytokines at the early stage of cell activation. This study provides more understanding in
activation of the innatc immunity during acute malaria infection which may lead to the selection
of appropriate malaria proteins as vaccine candidates in the future.

Publication Outputs: Jangpatarapongsa K, Chootong P, Sirichaisinthop J, Sattabongkot J,
Tangpradubkul S, Hisaeda H, Troye-Blomberg M, Cui L, Udomsangpetch R. Plasmodium vivax alter the

balance of myeloid and plasmacytoid dendrnitic cells and induction cm regulatory T cells. (2008) £ur. J.
Immunol Oct;38(10):2697-705

Xia H, Jangpatarapongsa K, Qiang F, Kaiming H, Sattabongkot 1, Qi G,-Cui L, Li B, Udomsangpetch R
Immune response to Plasmodium vivax infection: A study in the Central of China. (In preparation)
Jangpatarapongsa K, Loharungsikul S, Treeratanapiboon L, Promwan S, Dabkam K. Hongeng S
Chotivanich K, Polpanich D, Sattabongkot S, Sirichaisinthop J, Cui L, Udomsangpetch R. Killing
mechanism_of Plasmodiun vivax parasites by gamma-delta T celis. {in preparation)
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Vivax Malaria Research 111+ Conference
Bangkok, Thailand
30 September 2009 — 1 October 2009
AGENDA

30 September 2009 Pullman Bangkok King Power Hotel

0800 — 0930: Registration, Coffee Infinity Room 1 Foyer, Ground Floor
and Pastry Break

0930 — 1030: Welcome & review of draft report Infinity Room 1, Ground Floor
Dr. John Adams et al.
University of South Florida
Department of Global Health
1030 —1100: Mid Morning Break Infinity Room 1 Foyer, Ground Floor
1130 — 1230: Discussion of draft report
1230 — 1330: Lunch Cuisine Unplugged, Ground Floor

1330 — 1515: Afternoon Presentations Infinity Room 1, Ground Floor

Plasmodium vivax infected red cells cytoadherence to glycosaminoglycan
Dr. Kesinee Chotivanich, Mahidol University

Comparison of P. vivax with P. falciparum symptoms and development of

exposure related immunity in the Low Transmission region of the Peruvian
Amazon
Oralee Branch, New York University:

Cytoadhesion of Plasmodium vivax infected erythrocytes
Laurent Renia, Singapore Immunology Network

Epidemiology, vectors, environmental control

Impact of global malaria programme on P.vivax prevalence in Cambodia
2001-2002
Frederic Aney, Institut Pasteur

A role for G6PD Mahidol Mutation in Protection Against Malaria

in South-East Asia
Rick Paul and Anuvaj Sakuntubhai, Institut Pasteur

VMR3+ is supported by a grant from the Bill and Melinda Gates Foundation



Active surveillance of malaria in military areas of operation (AO) along
Northemn Thai-Myanmar and Thai-Cambodia
COL Jariyanart Gaywee, Ph.D

Vivax malaria in China
Cao Jun, Ph.D

Situation of vivax malaria in Thailand
Jeeraphat Sirichaisinthop, MD, MPH, Vector Borne Disease Training Center,
Bangkok

Geographic and Genetic of Thai Plasmodium vivax isolates
Usa Lek-Uthai, Mahidol University

Immuni reclinical discovery, vaccine development

Mapping epitopes of the Plasmodium vivax Duffy binding protein with
naturally acquired inhibitory antibodies.
Dr. Patchanee Chootong, Mahidol University

Natural immunity against P. vivax infection
Dr. Kulachart Jangpatarapongsa, Mahidol University

Drugs, Resistance, Targets and Development

Potential use of 8 aminoquinolines for malaria elimination on islands
Dennis Shanks, Director, Australian Army Malaria Institute

Drugs for Liver Stages
Dennis Kyle, Professor, University of South Florida, Department of Global Health

Ex vivo studies on fresh and cryopreserved clinical isolates of Plasmodium
vivax: Practical considerations and its relevance to antimalarial sensitivity

studies
Bruce Russell, Singapore Immunology Network

1515 -1600: Break
1600 — 1745:  Afternoon Discussion Infinity Room 1, Ground Floor

1800 — 1930: Dinner Infinity Room 2, Ground Floor

VMR3+ is supported by a grant from the Bill and Melinda Gates Foundation



1 October 2009 Armed Forces Research Institute of Medical Sciences
Vet Med conference room, Building 5

0800 — 0900: Coffee and Pastry
0900 — 11:30: Discussion

11:30: Meeting Adjournment

VMR3+ is supported by a grant from the Bill and Melinda Gates Foundation
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