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ABSTRACT

Allelic variation of the immunodominant T-cell epitopes, ThZR and Th3R on
Plasmodium faleiparum circumsporozoite protein (CSP) gene has been determined by
sequencing in 40 malaria isolates from malaria endemic areas, west of Thailand.
These malaria isolates contained the total of nine and seven allelic types of variants on
Th2R and Th3R regions, respectively. Comparison of T-cell epitope sequences on
ThZR and Th3R region of CSP with published sequences from endemic areas of
different geographical locations, five new allelic types of Th2R rgions (CSP-
ThZR*16, CSP-Th2R*17, CSP-Th2R*18, CSP-Th2R*20, and CSP-Th2R*21) and
three new allelic types of Th3R regions (CSP-Th3R*14, CSP-Th3R*15, and CSP-
Th3R*16) were demonstrated. These new allelic types were not cluster together with
those found previously in Thailand. The results also revealed that the nucleotide
substitutions occurred predominantly in the first codon position and less frequently in
th:nmndmdunpmiﬂnnmdﬁnginth:mim-midchmﬁwhinh WETE NOn-
synonymous mutation. Moreover, the genetic diversity in such regions were also
analyzed using the c ombination o f P olymerase C hain R eaction { PCR) and s equence
specific oligonucleotide probes (PCR-SSOP) in 144 and 43 falciparum malaria isolates
Emﬂhlpmmﬂmimﬂmmmﬂm:hlhmmiﬁmnhm:hmpmwmmﬂmg
Thai-Myanmar border, respectively. Three (CSP-ThZR*05, CSP-Th2R*12 and CSP-
Th2R*13) and five (CSP-Th2R*05, CSP-Th2R*12, CSP-ThZR*13, CSP-Th2R*14 and
CSP-Th2R*15) allelic variants from 15 reported allelic types of CSP-Th2R region
were identified in Ratchaburi and Kanchanaburi provinces, respectively. For CSP-
Th3R regions, four allelic types were found in Ratchaburi province {CSP-ThaR*01,
CSP-Th3R*04, CSP-Th3R*08 and CSP-Th3R*09) while three allelic types (CSP-
Th3R*01, CSP-Th3R*04 and CSP-Th3R*10) were found in Kanchanaburj provinces,
Interestingly, the pattems of hybridization of some isolates in both provinces did not
correspond to any known alleles, suggesting new allelic types in CSP gene. The
similar finding in both provinces was CSP-Th2ZR*05 and CSP-Th3R*0] which were
the majority of CSP-Th2R and CSP-Th3R allelic types. In addition, the CSP-Th2ZR*05
and CSP-Th3R*01 were the most common allelic types in both all age groups and
numbers of falciparum malaria exposure. Comparison of the CSP-Th2R and CSP-
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EXECUTIVE SUMMARY

The genetic diversity displayed by P, falciparum field isolates, the ocourrence
of variant forms of the parasite at different ﬁ'equm::iuiuiﬁffm'mtgmgmphicm
and m:mmpimityu[thuinfmﬁnmmmtmajmnhﬂmtuﬁrlhtdmlmnf
effective malaria control measures such as the development of a vaccine against
falciparum malaria. In the present smdy.wupmpmdtudﬂﬂmh:ulhugmeﬁn
variation in T-helper cell epitopes {'IhERlndTHR]ufP.fn}c@mumEEPgmin
pmnihimlmanhminndﬁ'ummlladumduninm“imhighutnufmﬂuia
mmmwmuﬂammmhmmm
(PCR) and sequence specific oliponucleotide probes (PCR-SSOP). Thirty-one, four,
four and one P. falciparum isolates obtained from Ratchaburi, Kanchanburi, Tak and
PhnctnhmimvtnmmﬂmiamdmkmuFWWmuqummi These
isolates c ontained the total o f nine and seven allelic types of vanants on Th2R and
Th3R regions, respectively. Comparison of these sequences of T-cell epitopes on
Th2R and Th3R r@mnf[ﬂ?ﬂmpuh]iatmdm&nmmdunicmnf
different peographical locations, ﬁwwwaﬂuﬁctypuufmm{m—
Th2R*16, CSP-ThZR*17, CSP-Th2R*I8, CSP-Th2R*20, and CSP-ThZR*21) and
three new allelic types of Th3R regions (CSP-Th3R*14, CSP-Th3R*15, and CSP-
Th3R*16) were demonstrated. Thmn:wdlﬁﬁct}mmmlchmﬂhm
with those found previously in Thailand. However, the predominant sllelelic types of
CSP-Th2R and CSP-Th3R regions were CSP-ThZR*05 mnd CSP-ThIR*01. The
mmll:muludﬂmﬂmnutlmﬁd:nuh:ﬁmﬁnmmmmﬂpcduminmﬂyinhﬁm
mmﬁmmﬂlmﬁqumﬂyinmmmmmﬂﬁnginhm
acid changes, which were non-synonymous mutation. The genetic diversity was also
analyzed using the c ombination o f P olymerase Chain R eaction ( PCR) and s equence
specific oligonucleotide probes (PCR-S50P) in 144 and 43 falciparum malaria isolates
ﬁmnﬁhmmlmlﬁﬂmamﬂﬂtnhuhmmdﬂmhmhmpmmﬂmg
Thai-Myanmar border. Three (CSP-Th2R*05, CSP-Th2R*12 and CSP-Th2R*13) and
five (CSP-Th2R*05, CSP-Th2R*12, CSP-Th2R*13, CSP-ThZR*14 and CSP-
Th2R*15) allelic variants from 15 reported allelic types of CSP-Th2R region were
identified in Ratchaburi and Kanchanaburi provinces, respectively, For CSP-Th3R
regions, four (CSP-Th3R*01, CSP-Th3R*(4, CSP-Th3R*08 and CSP-Th3IR*09) and




three allelic types (CSP-Th3R*01, CSP-Th3R* CSP-Th3R*04 and CSP-Th3R*10)
wmﬁ:mdmﬂmhﬁnﬂmdﬁmhnbuﬁmmmﬂhr Furthermore, the
pmmnfhﬁﬁﬁmﬂmhlmhhmm&mmmm
mmmmmﬁ:mmmm The similar finding in both
pmvhmuwuﬂﬂ?—ﬂﬂl‘ﬂinﬂﬂﬂhmn‘mwﬁnhmhwﬁm-
Th2R and CSP-Th3R allelic types. Furthermore, the CSP-Th2R*05 and CSP-
Thﬁk‘ﬂlwunﬁumnnmnmlﬂeﬂctwuinbnmmimm-dﬂurtﬁdm!
change with the number of faleiparum malaria attacks. Comparison of the CSP-Th2R
mmmmwmmmmwﬂmamw
shown that most isolates gave similar resulis mmmmw
variation in genetic diversity of CSP. In addition, genotyping of P. faleiparum isolates
wjﬂuhumﬁl}lpﬂmﬂmdﬂumindﬁrﬂnlﬂrmnfﬂmEEthﬂ
hmmﬂmmurmmhmmm
1 (MSP-1), -2 (MSP-2), and glutamine-rich protein ( GLURP) by nested PCR. T he
rmlﬂnfmﬁﬁuﬁmdhmmﬁmhﬂ&?mﬁnmﬂﬂ:ﬂhﬁ:muf
diﬁmtdmwﬁluhm-hmmdmhﬁwﬁsﬁmw
with 12, lsudlﬂiaunfvu:imdmmu,upmﬁmy. The MSP-2 locus was
muympwﬁrmmmmm‘mmmmr
represented. H&ﬁww.hﬂﬂﬂhﬂynfmlwmwn,ﬁﬂ:w
one allele detected. Miﬂmﬂnﬂnﬂh’hhﬂwﬂmm
of Thailand. hmmmmmﬁ-nmmmm
ht&?mﬂppﬂrmﬂhn'whhlmjwm&hw
dmﬁmmw&wmu




SIGNIFICANCE OF THE RESEARCH.

l." Two scientific papers will be published in international journal as follow
below;

Publications:

I. Survey of Th2R and Th3R allelic variants in the circumsporozoite
protem genes found m Plasmodium falciparum parasites from westemn,
Thailand (during submit in international journal)

2, Analysis of sequence polymorphism of T-cell epitope regions,
Th2ZR and Th3R, on Plasmodium faleiparum circumsporozoite proteins in Thai
isolates

2. The study provides knowledge of the genetic diversity of T-cell epitopes
on the P. falciparum CSP obtained from Thailand. This knowledge are exploited in
the use o fthe CSP polymorphic regions as an epidemiological marker in studies of
pre-erythrocytic immunity and for vaccine development.

FURTHER STUDY

To determine whether the malaria infected individuals could response to
theses new allelic types of CSP-Th2R and CSP-Th3R regions by lymphoproliferative

ASSAYS.
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Abstract

AﬂuhcvﬁnﬁthgWﬁpmchwmspmmﬂemtﬂﬂﬂmhuhnm
WhmhgmﬁmmmmtTmlmMMMMthﬂ
isolates from malaria endemic area, west of Thailand. These isolates contained the total
ufmmmdmmwﬂinnwuf?aﬁmhmmmﬁjkruﬁm.mﬁvﬂp
CmnnimnﬂﬂmMumuautheﬂaﬁmP:mﬁmmmmufﬂﬂPﬁlh
puhﬁ.ﬂwdmhmmdmﬁ:mﬂdjhtgmmlmmﬁunm
allehic types of ThZR regions (CSP-Th2R*16, CSP-Th2ZR*17, C3SP-Th2R*18, CSP-
Th2R*20, and CSP-Th2R*21) and three new allelic types of Th3R regions (CSP-
Th3R*14, CSP-Th3R*1S, and CSP-ThIR*I6) were demonstrated, suggesting
geographical variation in genetic diversity of CSP. These new allelic types were not
n]utnmgﬂhnwiﬂnﬂmefmmdpmﬂwﬂyinﬁﬂmdlumﬁnglumh
mmmmmmmmmmmﬁmmm
ﬂuqnmﬂyinﬁtmmdmdﬂnpnﬁﬁunrﬂulﬂnginmﬁmﬁn&midnhmmwhi:hm
nON-Synonymous mutation. If the functional capacity in immune induction among these
vmimumTh!EdehJnginmnfESPmuldbcﬁmmd.ﬂimnvmhsﬁmum:
CSP specific T-cell activity should be designed to include these varianis for more
effective universal vaccines,

Keywords: Circumsporozoite Protein; Plasmodium Salciparum; Polymorphism; T-cell
epitope

Abbreviations: CSP, circumsporozoite protein; HLA, human leukocyte antigen; CD4,
cluster determinant 4; CD8, cluster determinant 8




10

Introduction

Thnnirnummﬂepmmin[ﬂﬂﬂismmﬁgmﬁwndﬂmmufm
sporozoite (Nussenzweig and Nussenzweig, 1983), the form of the malaria parasite
injected by the mosquito. EEthhnghﬂnmmiduadlnh-minqm:mhgunr
mmmmm:wmm{mmm
hepatic stages), mﬂﬂmmm.w.m:mmﬁmaf
mhﬁvutymﬂmgimuﬂmkingahighlymﬁﬁwdmﬁumnpnndnf
tmﬁdnrupnh.th:uqm:ufth:majuﬁtyisﬂﬁﬂ?andﬁunﬂhhmdnhﬁ
NVDF (Dame et al, 1984; Jongwutiwes e1 al, 1994). T he | mmunodominant B -cel)
qﬂmpumm;ﬁmdlnﬂlisr:pnlmgicrn,whﬂ:T—uU:pitupunEumdinthnE-
terminal domain (Dame e al, 1984; Hill et al, 1997). These cpitopes provide universal
T-cell help for the production of anti-sporozoite antibody that inhibit hepatocyte
invasion by sporozoite, and induce CD4" and CD8" cytotoxic T-effector eells that are
thought to kill infected hepatocytes (Hill er al, 1997). The structure of the CSP from
nthnpmﬂuupminhm'nﬁhrmlh:ldumdhﬂdahuue.mwghth:nqmnflh:
repetitive elements differed substantially between the species.

The CSP has been the focus of immunological studies since the 1970"s and its
gene was the first Plasmodium gene 1o be cloned and sequenced, Mumerous
uwﬁmﬁﬂwmmmﬂu&wmbmadmc“&?ﬂltmwudd.lﬂﬁ The
mﬂmﬂﬂ&ﬁmﬁﬂuf!ﬂﬂﬁlﬂwumﬂummﬁlmu{
the CSP fused to the hepatitis B surface antigen. To date, this formulation associated
m&mﬂjmﬂwmmnmﬂ’ﬁuﬁnmhmﬁqm
mwhmmmmmmlmumpmmnmmm
Hmm,mmmmamnhiﬂnfmiuvmﬁmhﬁmﬁmdNH,
proven lo be of short duration.

Polymorphism in the vaccine candidate antigen sequence is a major concem,
since it might adversely influence the induction of immunity as well as providing the
parasite with a means to escape the protective responses induced, Sequencing of pfesp
genes or gene fragments from laboratory and field isolates, revealed that this antigen,
like many others in P. falciparum, displays extensive genetic diversity. The number
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mdmmmnfthﬂlwumpﬂtﬂmr&pqﬁduvﬁndﬁﬂlﬂupmmihﬁm.ﬂmgh
this was not found to alter binding of antibodies. Variations were found in the pre- and
pnﬁmrngiunu,hmmlhuughltnheimwhgimﬂ}rmm Sporadic point
mutations were also found in the N-terminal region. However, the most striking
puljmphhmmnﬂﬂadﬂfamﬁuafmnﬂmmpuwmwjmwhhhm
centered on two important T-helper epitopes, Th2R and Th3R, found in the C-terminal
ﬂumninnfm&mulmuh{[mkyqemh I?EE;Mluumhﬁﬂlﬂ,IDm:Emﬂmtuﬂﬂ,
2002). ﬁﬂdi:divuﬁtyinmﬂ:ﬁnpmﬁtmhwiddymmndmhlmmhmimfm
immime evasion (Day and Marsh, 1991; MeCutchan ef al, 1988). The variation within
thnﬂﬂ?pruf?ﬁimpmmuﬂmmﬂtnfuhcﬁnnhthm%uﬂﬂmﬁug
et al, 1998). ﬂumlaﬁunh:twemhnmmT—::llmlifm:ﬁwtnﬂmTh!Rqﬂnpu
mmmmwmmnmnwmﬂmwumm-m;mm
nfmﬂmﬁm:mﬂnhundmi:mﬂinﬁnm#d, 1989). Recent studies further
atnwudmuhnmmcm*nuuclnmmﬁnhmfumpmmuqﬁmm
muimﬂulh!ﬂﬁpimpa.rmngnizudalmpmhmnfmlmtpupﬁdulhn
mﬂmFumnmphimdﬂmﬂinF.fﬂh{uﬂmimlmﬁmdiﬁnm
geographical areas (Calvo-Calle ef al, 1997),

hﬁmnfﬂmmMPﬁI?T-cdltphqmpﬂrmmﬂimlmiﬂu
impinge on the efficacy of CSP-based vaccines, field isolates from diverse geographic
Mmmﬂyﬂhhﬁiﬂwm&dﬁvﬁtﬁ Two trends emerged from
these studies, The degree of variation observed though large did not Fulfill the
potential indicated by the number of positions where altemnate residues were noted.
Thﬁlbﬁnﬁmnfﬂnﬁ:vmwmmmumﬁcﬂuﬁginnfﬂum
Thhwmmufvuinﬁmmmundinﬂﬁhﬁmmmﬁmﬂmsi?mmﬂw
Ilﬂnﬂndw“hihlﬂmﬁghﬁlwmmmm&ﬁﬂimnﬁﬁm

Since sequencing was used to gather the above data, it was often limited o a
relatively small number o f field samples. A hybridisation-based method, developed
for the analysis of samples from the Gambian RTS,S trial, provides an means to survey
diversity in a larger number of samples (Alloueche et al, 2000). We wished to employ
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mhmmmmﬁ?ﬂdwmﬂfﬂmmMEMﬁnmlmm
located on the Thai-Myanmar border, H owever, the o ligonucleotides d eveloped for
PCR-S30P did not include some of the Th2R and Th3R allelic variants described after
its inception. In order to establish whether this set of PCR-SSOP oligonucleotides can
be meaningfully used for Thai samples, we surveyed the diversity of the CSP T-cell
epimbquumniugthemmspnud'mgump]iﬁudngimﬁnm:hm:mhﬂuf
samples obtained from patients infected with P. falciparum in two regions in western
Thailand.

Materials and Methods
Blood sample collection.

Blood samples were obtained from consenting patients admitted to the Hospital
for Tropical Diseases, Faculty of Tropical Medicine, Mahidol University, Bangkok,
Theiland during June to S eptember, 2001 with a diagnosed P. falciparum i nfection.
Blood was collected in ethylene diamine tetraacetic acid (EDTA) tubes. Two hundred
microlitres of blood were centrifuged and the red blood cell pellets were stored at — 20
“C.

DNA amplification, cloning and seguencing,

Amplification by the polymerase chain reaction (PCR) was carried out as
described by Alloueche er al., with minor modifications in the preparation of the
template. Briefly, 5 ul of the lysed freeze-thawed infected red blood cell pellet were
added to 150 i phosphate buffered saline solution and mixed by brief vortexing. The
released parasites were pelleted by centrifugation for 5 min at 5000 g and the
supernatant carefully discarded. Fifty ul of amplification reaction mixture, containing
1xmm,zmmnfmm.zﬁﬂmmz.ummm,mdz,s-unq
DNA polymerase (Applied Biosystems, UK}, were added directly to the pellet before
initiating the amplification cycle. The primers were designed to hyhridise to
conserved regions spanming the Th2R and Th3R region (forward primer; §'-
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ACAATCAAGGTAATGGACAAGG-3' and reverse primer; 3-ACGACATTAAAC
ACACACTGGAAC-3"), and to result in the amplification of a 319 base pair fragment.
Thncwﬂngmdiliﬁmwacﬁ“ﬂfmjmﬁﬂ“ﬂfmlnﬂnmdﬁﬂﬂﬁ}rszm1
c:,rnle,thmg-ll“{!fnrlnﬁn.ﬂ'ﬂ&nriminmdﬂ'{:fmlminfmﬂn}uluthﬂnwed
by 10 min extension at 72°C. The PCR amplifications were performed using a PTC
200 (MJ Research, USA). The amplified products were electrophoresed on 1.5%
agarose gels in Tris-borate-EDTA buffer, and visualization under UV illumination,

Thnmiquummmumdﬁ:rmhsﬂnplcmpmiﬁﬂimiugﬂm
QlAquick gel extraction kits (QIAGEN, Germany), and cloned using the TOPO TA
Cloning kit (Invitrogen, U.8.A.), Plasmid DNA containing the CSP fragment was
purified from positive bacterial colonies using the QlAquick Miniprep spin kit
(QIAGEN, Germany). Sequencing was performed by automated sequencer at the
Hopital Cochin, Paris, France. Sequence alignmenis were performed using the Gene
Jockey 11 program (Biosoft, United Kingdom).

Results

The CSP gene was amplified from 83 samples. The genomic DNA was extracted
from 40 P. falciparum infected individuals that gave strong PCR and then further cloned
and sequenced. ThmlhﬂfESPgm:.mm‘ﬁcp:ﬁmmmuduﬂnghhmdnﬁm
bp PCR products form P. falciparum genomic DNA are shown in Fig, 1.

We had sequenced 48 clones of the CSP gene representing 40 Thai isolates of P.
faleiparum. By comparing these sequences of CSP-Th2R (amino acid residues 326-342)
and CSP-Th3R regions (amino acid residue 367-378) of 7G8 clone previously published
(Alloueche ef al, 2000), nine (CSP-Th2ZR*05, CSP-Th2R*12, CSP-Th2R*13, and CSP-
Th2ZR*16-21) and seven (CSP-Th3R*01, CSP-Th3R*04, CSP-ThIR*08, CSP-ThIR*00
and CSP-Th3R*14-16) allelic types of variants were found, respectively (Fig. 2 and Fig.
). Among these variants, five new allelic types of CSP-Th2R regions designated as CSP-
Th2R*16, CSP-Th2R*17, CSP-Th2R*18, CSP-Th2R*20 and CSP-ThZR*?1 were
dmdhniwhﬂsﬂrmmwalkﬁct}mnfﬂﬁhmﬁmgimdmeducﬂ?-
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Th3R*14, CSP-Th3R*15 and CSP-Th3R*16 were identified. The frequencies of CSP-
Th2R and CSP-Th3R allelic varignts arte showninFig 4. S ome alleles such as CSP-
Th2R*05 and CSP-Th3R*0] were frequent while others were rare or absent. We found
that CSP-Th2ZR*16-21 were present at a frequency of 0.12. However, CSP-Th3R*14-16
were present ai the frequency of only 0.06.

Compared to the 7G8 amino acid and nucleotide sequences, eight variants amino
acid position were observed in the CSP-Th2R region of our isolates (Fig. 2) which were
position 327, 332, 333, 337, 338, 339, 340 and 342 of the sequence. In addition, the
variations &t amino acid position 327 and 338 have never been reported. In such
positions, the amino acid were substituted by G (amino acid position 327) and by M
(amino acid position 338) which were found in Pf 078 and Pf 0221 isolates,
respectively, For the CSP-Th3R region, six variants amino acid positions were observed,
which were at amino acid position 367, 368, 369, 370, 372 and 374 (Fig. 3). Only one of
nmimuidpusiﬁm(}ﬁﬂ}mpmmmdmcvlilﬁmhmismﬁmhunﬂﬁbmmpunﬁd
in any known alleles so far. ThnaminnmidinSEhpﬂliﬂunmmhﬂﬁhtndbyH[Pi
078 isolate) and by [ (Pf 022/1 isolste). In addition, the nucleotide substitutions
mnmingpmdﬂnintdlyinﬂmﬁmmpmiﬁmmdlmﬁaqnmﬂyinhmd
codon position were observed in both CSP-Th2R and CSP-Th3R regions. Furthermore,
all of nucleotide substitutions in both regions created nor-synonymous codon changes.

Discussion

In this study, we have determined the allelic variation of the immunodominant
T-cell epitope regions, Th2R and Th3R, in P. falciparum CSP gene from field isolates
obtaining from malaria endemic areas, west of Thailand and revealed nine allelic
variants of CSP-Th2R epitopes (CSP-Th2R*05, CSP-ThZR*12, CSP-Th2ZR*13, CSP-
ThZR*16-21), five of which were not identical to any allelic variants previously
reported elsewhere and designated as CSP-Th2R*16, CSP-Th2R*17, CSP-Th2R*18,
CSP-ThZR*20 and CSP-Th2R*21. It appears that three allelic types (CSP-Th2R*0S,
CSP-ThiR*12 and CSP-Th2ZR*13) were common as previously reporied in Mae Sod,
Tak province, North of Thailand (Jongwutiwes ef al, 1994). However in such study,
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the o ther a llelic t ypes, CSP-ThZR*14, CSP-Th2R*15 wers reported which were not
found in our study. The different profiles were reported in Gambian isolates which
demonstrated the allelic type, CSP-ThZR*02, CSP-Th2R*03, CSP-Th2R*06-10, in
one area (Lockyer ef af, 1989) and CSP-Th2R*01-10 in another areg {Alloueche et af,
2000). The studies in Papua New CGiuinea reported three allelic types (CSP-Th2R*01,
CSP-ThZR*05 and unclassified CSP-ThZR) in one area (Shi et af, 1992) while only
one allelic type (CSP-Th2R*05) was found in different area (Doolan et al, 1992). The
results in Brazil showed one allelic variant (CSP-Th2ZR*01) in one study (Shi er al,
1992) and two allelic variants (CSP-Th2R*01 and unclassified CSP-ThZR) in another
study.

Flnﬂlmmru,ﬂmﬂmm:nlhﬂi:typuvmiﬂdupmdupmm
geographical area by the findings H:ﬂﬂm{:ﬁPaThiR*l}iiiﬂnprnlumjnmttypﬂjn
Thailand with the frequency of 0.69 in our study and of 0.61 in previous report
(Jongwutiwes ef al, 1994), The studies in Papua New Guinea also showed that CSP-
Th2R*05 ilﬂ:npmdmninanttypewim&nqmmynfu?[ﬂhiua!. 1992) and of 1.0
(Doclan e al, 1992), Huwm.d:memuluinmeﬂﬂ-m:ﬂﬂintjpumin
mmmmmmmhimwwﬂmmm:
types among Gambisn isolates, CSP-Th2R*06 with frequency of 0.42 in one area
(Lockyer er al, 1989), and CSP-Th2ZR*04 with frequency of 0.21 reported recently in
another area. In contrast, the p redominant t ype among B razilian i solates w as C SP-
Th2ZR*01 (Yoshida er a/, 1990).

Defining the polymorphism of CSP-Th3R epitopes among Thai jsolates in
endemic area, west of Thailand, seven allelic forms CSP-Th3R*01, CSP-ThIR*(4
CSP-Th3R*08, CSP-Th3R*(09, CSP-Th3R*14-16 were identified of which three have
never been d escribed ¢ Isewhere ( CSP-Th3R*14, CSP-Th3R*15 and CSP-ThiR*16).
By comparison of polymorphic Th3R CSP determinants from our study in e ndemic
area, west of Thailand with the only one previous report in northern part of Thailand
which reparted seven allelic types (CSP-ThIR*01, CSP-Th3R*03, CSP-Th3R*04,
CSP-Th3R*08-09, and CSP-Th3R*12-13) (Jomgwutiwes ef al, 1994). However,
similar findings found that the predominant type was CSP-ThIR*0] with the
frequency of 0,75 in the present study and of 0.52 in the previous study.
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hmmmmmmwmmmuhﬂmﬁm
isolates (Lockyer ef al, 1989), it showed that six allelic type (CSP-Th3R*01-03, CSP-
Th3R*05-07) while CSP-Th3R*05 was the predominant type with frequency of 0.3,
Thirteen variants designated as ThZR*01-10 and CSP-Th3R*14-16 with CSP-
Th3R*02 was the predominant type with the frequency of 0.33 (Alloueche e al, 2000),
lnuddiﬁnu.ﬂuimdiﬂ.iqumeGu‘un[Dﬁulm et al, 1992) showed only one
allelic type CSP-Th3R*04 with u:nﬂ'qnmynfl.ﬂinmuﬂndywhﬂcﬁvulﬂnﬂu
types type (CSP-ThIR*(1, CSP-Th3R*04, CSP-Th3R*08-09 and CSP-ThIR*1 1) with
the CSP-Th3R*04 as predominant type with frequency of 0.54 (Shi er al, 1992).
Furthm.th:mumwﬁmhlﬂnzﬂﬁ'ﬂﬂﬁd:ud. 1990) showed that all their
isolates displayed the same allelic type CSP-ThIR*01 with the frequency of 1.0 in one
study and two allelic types (CSP-Th3R*0! and C5P-Th3R*09) were detected in the
another study. hlmhmuy.ﬂuﬂsP-ThﬂR‘ﬂlwuthnwdunﬁmgﬁﬂ:ﬁlqm}r
of 0.83 (Shi et al, 1992),

Thua,itmlitﬂyﬂm:hﬁ:ﬁhuﬂmnfth:ﬂﬂ?—ﬁ!ﬂmﬂtﬂ-mn
Mmmmgdﬁhﬁmmﬁcm Similar geographically different
nlieiicpn];mumﬂmhmfﬂnnﬂyhunwiudum?gm:ﬂfﬁ vivax (Qari er
al, 1992). hnﬂﬁmuﬁr&mmmm@mmm
levels of diversity (Shi ef af, 1992: Doolan er al, 1992; Malaria division, 2002-2003),
ThnCSPgmnufP.ﬁiﬂ@armﬂmnﬁghmllibnmhimmﬁmeu
polymorphic than the CSP of parasites from relative low malaria-endemic regions.
Trmmﬁmﬁminhmityiu@ﬂuﬂwiﬁmﬂnhmﬂuuuﬂiuldhmmﬂ
mmmmmﬁmuilwmmmﬂmmﬁm
mmmmmmmmmﬂﬁmﬁnmmmmq
mﬂﬂﬂlﬂtﬁﬂﬁﬁﬂhllﬂﬁuﬁﬁﬂﬁﬁrﬂﬂﬁﬂghmw
(Escalante et al, 2002). Hﬂwwmﬂmrﬂnltabh‘himdﬁnmth:prmmuiyh
mmmmﬂmmmmmmmmmmwm
1994 in T&mmmmwwhmﬁmmmm
M-M}hthmﬂﬂy_mmmmmmnkmﬁm
which showed the same sllelic types as previously described. These new allelic types
wﬂemlchmmmhﬁwimﬂummmmmwmmn
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considerable heterogeneity within some geographic area. However, more CSP gene of
F._.&Impmmhnlﬂumdmmm?ﬁﬁguadiBMMMd:ﬂmdhwhufﬂum
diversity in any population. The antigenic diversity on the CSP is an important factor
in the midm:inlugyu[nnhiluﬂﬂuhnpﬁuﬁmﬁ:rﬂudnwlupmuf
protective hmudﬁnpﬁ;ﬂyuﬁ-q:wuﬁmmimifﬂmﬁmﬁmﬂwnf
these variation epitopes in immune induction could be demonsirated. These Csp
vmmmmﬁmmhwm&mmm
(Khusmith et al, 1998; Zevering et al, 1994),

Furthermore, confirming previous observations (Jongwutiwes er af, 1994:
Lockyer et al, 1989; Alloueche et al, 2000; Shi ef al, 1992; Doolan et al, 1992:
Yashida e al, 1990), we also found that the mucleotide substitutions oocurred
Mﬁmﬂynhﬁmmmw&qwmmmmm
were always non-synonymous, The non-synonymous mutations of the imunodominant
Tﬂuqﬁmm&hkﬂmmmhwﬂmﬁmww
thum—inhmﬁnnﬂﬂlh:mmﬂiumﬂmunmmuufulmﬁmp:mﬂ‘nmhm
Tcells (De la Cruz e al, 1987). It may be important to extend the study to assess the
functional capacity of these CSP-Th2R and CSP-Th3R variants in T-cell activation.

The variants of both the CSP-Th2R and CSP-Th3R regions affect human T-
cell recognition for CD4" and CD8" T-cell responses (Guttinger ef al, 1988; Hill ef al,
1992). This result is consistent wilh the proposal that this variation has evolved
through immune selection. Murine and human T-cells primed with one sequence
umﬂyﬁﬂhmﬂm?ﬁmﬂf-ThERmdﬂﬂP-mRuﬁmiﬂmﬁnpﬂ
al, 1988; de la Cruz ef af, 1988 and 1989), A study on hummn T-cell proliferation in
hmnmauhjeminﬁmbi.wthuumﬂmﬁﬂtyufT-mlhﬂmnm
wmmmmmmnmmmﬁqmmmm.
Hmvﬂu'.%nfﬂhjmhrﬂpmﬂdmml?mwmndlﬂiﬁﬂndmrﬂpmdm
any variant. In comirast to the another study it has been demonstrated that T-cells did
not cross-react with any variant sequences of CSP-ThR and CSP-Th3R regions (de Ia
Cruz et al, 1988). If there is such significant cross-reactivity in humans, polyvalent
vaccine may be approachable.




Th:nmpmimnfpnlymmpMcCSPdnﬁminmmmmuﬂmhﬁa
mﬂmﬂnmﬁmlmﬂamdmhhm@ufﬁnﬂmhﬂmnﬂﬂmﬁmﬂ
polymorphic protein-bearing parasites. It appears that the primary finction of the
m:ﬁu:pmtdndﬂmmimua:EIummmmfulhuﬂ-pu‘uiiu interaction. Non-
a:‘lmlmmaﬁuminthtmginnaﬂfﬂmmihﬂnmmypmﬁhinmﬁmwﬂhhm
nﬂlultmnmuswﬂlbtmpidly&:]ﬂcmdagﬂimmdlhurqnmuﬁvcpmﬁim
“Mulddilq:pm&umfhepnpulnﬁmnfﬂwparmitﬁ{ﬂhlﬂd. 1992). From an
immunologic perspective, paruittpmt:ﬁanummmdfmcmhmaﬁmpmdim:
hmdmimunrmgﬂmw_nfamginnmdmetﬁhpuihmhtﬂﬁm
ﬁmhmmmmhmﬁﬂlymmm“ﬁh
pressures of immunity. lnthn:aseufpmﬂyirmnumdnmhmndmﬂnﬁmm,hnwwu,
nen-silent changes can be positively selected, particularly if the mutation results in an
mﬁnuiddchm;:ﬂuih&psﬂmpmﬁummhummm In view of
ﬂm:mmmnT-hdpﬁmﬂmhmragimmmm&wmﬁtm
definition of an immunogenic site.

In conclusion, comparison of our P, faleiparum isolates with widely separated
gmr:phita]rqjumh:ﬂnmﬂdmnﬂadthmﬂﬁspu]ymmphimmp:ﬂnmhu
Hnﬁmdmdmﬁinmiﬂelumighlbe:hmutmiaﬁcufpmﬁmhrmhiﬂm.
Mmﬁ:mﬂu&nﬁmﬂnﬂdﬁmmmﬁdfwﬁﬂhﬂnﬂhdﬂnﬂu
whﬂmnrihaﬂﬂ?mﬁgmpulymmphinnrquinﬁ:lamnjmubﬂulufwm
dmalq:uﬁutnfmﬁ-spummit:miuﬂlgaiutﬂt:mﬂmiupuﬁm
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Table 1. Summary of CSP-Th2R and Th3R allelic types of 48 recombinant clones

using automated DNA sequencer

Province CSP-Th2R CSP-Th3R CSP-Th2R & CSP-ThIR
Type | No.clones | Type | No.clones Type No.clones
Ratchaburi | *05 | 25(52.1%) | *01 | 28 (58.3%) | *05 & *01 | 25(52.1%)

*12 5 *08 ! *12 & *09 5

*16® 1 "9 5 *16% & *01 1

*7* 1 16" 1 *17% & *01 I

*1g® | *18% & *0i 1

*20® | *20% & *08 {

* 1 *21%&*16% I

Kanchaburi | *05 6 *0 5 *05 & *01 5

*13 1 *04 1 *05 & *14% 1

*19 1 *14® I *13 & *15® I

*15% I *19 & *04 1

Tak *05 ] *0l 2 *05 & *01 1

12 3 *09 %12 & *01 I

*12 & *09 2

Petchaburi | *05 1 *0] [ *05 & *01 [
Total | 48 (100%) | Total | 48 (100%) Total 48 (100%)

® New allelic type and the most common allelic variant is in bold.




Figure legend

Hg.l.ﬂchmuicwmﬁmufmgnlulmhwhmui:ufPERPmducm&um
pﬂﬁmﬂﬂhnmmmmnﬁmmmmmﬂmmmﬂmﬁng
the CSP-ThIR and Th3R regions: lane M, 100 bp ladder; lane 1, nepative
control (no templatc); lane 2, 7G8 positive control; lane 3, 3D7 negative
control; lane 4-8, purified DNA from bloed of falciparum malaria patients,

Fig. 2. CSP-Th2R variation in field and laboratory P. falciparum isolates. Nucleotide
mﬁdemmdmmnﬁdnmbﬁngiumrﬁngmmu?ﬁﬂm Identity
with the 7G8 sequence is indicated by a dash. DNA mutations are shown
helwﬁmmﬁﬁmmmnglmimmidmhiﬁmﬁmklinud.m
codes PL. 003, 005, 078/1, 022, 025/1, 056, 078, 074, and 022/] refer to the
patients from whom the P. falciparum infected blood were obtained.

Fig. 3. CSP-Th3R vaniation in field and laboratory P. falciparum isolates. Nucleotide
mddﬁdu:edlminumiﬂmmberingismmrdinghthnTﬁﬁm. Identity
with the 7G8 sequence is indicated by a dash, DNA mutations are shown
haluwhﬂpusiﬁnnwhﬂtmmpaudingminnanidsuhﬁmﬁmhﬁmim
codes PL 003, 005, 019/1, 022, 074,and 078 refer to the patients from whom
the P. falciparum infected blood were obtained.

Fig. 4. Allelic frequency of CSP-Th2R and CSP-Th3R variants in Thai P. falciparum
isolates using DNA sequencing,
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Fig. 4. Kumkhaek ef af







