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Foreword of the Chairmen of the 16" International HLA and Immunogenetics Workshop
and Local Organising Committee

On behalf of the organising committee, we are delighted to welcome you to Liverpool for the Joint Conference of the 16"
International HLA and Immunogenetics Workshop, 26" Federation for European Immunogenetics Conference and 23™ British
Society of Histocompatibility and Immunogenetics Conference.

This is the first time that the three organisations have come together in a single event and we are excited that so many people
have registered to extend our knowledge and understanding of immunogenetics and histocompatibility.

Liverpool, the 2008 European Capital of Culture, is a perfect venue for the event and we hope that you will all take time to
explore the city and take advantage of the activities arranged for you.

Needless to say coordinating and organising a meeting of this sort involves a great many people, all of whom we most
sincerely thank. In particular we would like to express our deep appreciation to the members of the EFI and BSHI Executive
Committees, EFI Scientific Committee and EFI Education Committee for their help and support in organising the Scientific
Program, the Teaching Sessions and in the evaluation of the abstracts. More than 500 abstracts have been submitted from all
over the world, which is probably some kind of record, but more than anything reflects the excellent work being carried out
across the world in this field. We would also like to thank all of our sponsors without whom meetings of this kind would simply
not be possible.

We are delighted to host you on Liverpool’s famous waterfront, a UNESCO world heritage site, and hope that you will be
stimulated by both the meeting and your surroundings.

Derek Middleton and Steven Marsh
Chairmen 16™ IHIWC

Foreword of the President of EFI

With great pleasure, I welcome the participants of the combined European Federation for Immunogenetics and British Society
for Histocompatibility and Immunogenetics Conference in Liverpool. It is a historical masterpiece of vision having not only
two societies cooperating for the annual meeting but also harbouring the International HLA and Immunogenetics Workshop
Conference. It is work at its best. It mimics the tri-molecular structure of MHC, peptide and receptor. In this case the T-cell
receptor. Other members of the community could see different things such as the three important immune cells; the three classes
of MHC or even other associations.

The program is excellent and the organising committee have done their utmost to offer to the community all the attributes
for an excellent and wonderful meeting. However, a meeting lives with its participants, their input to discussions in the lectures
and abstract sessions, it lives with the awardees and their vision and it lives with all the educational activities, and last but not
least, with the input and efforts of the sponsors of the societies and the meeting. All of the aforementioned have done their best
beforehand. A grateful thank-you to all: participant; sponsor and local organiser and not forgetting, to the committees of EFI
and BSHI with all their members. I wish you a fruitful unforgettable Conference, for both the scientific and personal experience.

Ilias Doxiadis
President of EFI

Foreword of the Chairman of BSHI

As Chair of the British Society for Histocompatibility and Immunogenetics (BSHI) and on behalf of the BSHI, I am delighted
to welcome you to Liverpool to the joint 16™ International HLA and Immunogenetics Workshop Conference, 26 European
Federation for Immunogenetics (EFI) and 23" BSHI Conference. We are grateful to the organisers and the committee for
compiling a stimulating and diverse scientific programme and are pleased to welcome eminent speakers for the BSHI lectures,
the Hilliard Festenstein lecture, the Terasaki lecture and the BSHI Presidential Address. Thanks, too, to the corporate partners
and sponsors of this Conference whose support is vital. This Conference promises to be a great opportunity for exchange of
ideas and to develop collaborations with colleagues internationally. I hope that you will find the Conference stimulating and
that you are able to take time to visit the fascinating city of Liverpool.

Susan Fuggle,
Chair BSHI
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IL-12B GENE POLYMORPHISMS INFLUENCE
PSORIATIC ARTHRITIS CLINICAL SUBTYPES IN
ROMANIAN POPULATION

Olivia M. Popa', Eva Kriegova', Luis Popa?, Petra
Schneiderova', Monica |. Dutescu®, Mihai Bojinca?, Violeta
Bojinca®, Constantin Bara®, Martin Petrek’

TFaculty of Medicine and Dentistry, Palacky University,
Olomouc, Czech Republic, 2Grigore Antipa National Museum
of Natural History, Bucharest, Romania, 3National Institute of
Hematology and Blood Transfusion, Bucharest, Romania,
4Faculty of Medicine, University Carol Davila, Bucharest,
Romania

Correspondence: oliviapopa@yahoo.com

Psoriatic arthritis (PsA) is a chronic disorder characterized by
skin psoriasis and the inflammation of the peripheral joints (oligo
or polyarticular) and/or spine (axial). PsA has a genetic predis-
position and recent findings indicate that the genes participating
in interleukin (IL)-12/23 signaling play an important role in the
disease pathogenesis. IL-12B gene encodes the common subunit
p40 of both IL-12 and IL-23. The aim of this study was to
investigate a possible influence of IL-12B gene single nucleotide
polymorphisms (SNPs) on the clinical symptoms of PsA in
Romanian patients. PSA patients (n = 94, 42.5% polyarticular
disease, 33% axial involvement, 24.5% isolated oligoarticular)
and 161 controls of Romanian ethnicity were genotyped for 6
SNPs in the IL-12B gene. Genotyping was performed with the
Sequenom MassARRAY platform (Sequenom, San Diego, CA).
Association tests for each polymorphism, linkage disequilibrium
(LD) and haplotype frequency estimations were performed with
the software PLINK v 1.07 and p values <0.05 were considered
significant. The rs6887695 variant was associated with polyarthri-
tis subtype (MAF 16.2% in patients versus 32.6% in controls,
p = 0.003, pcorr = 0.01, OR 0.401, 95% CI 0.211-0.759).
Two other SNPs showed associations with the same subtype
(rs3212227, MAF 16.2% in patients vs 27.1% in controls,
p = 0.04 and rs1363670, MAF 22.5% in patients vs 12.9% in
controls, p = 0.03). These associations did not remain significant
after correction. The combined haplotype CATACC of all studied
SNPs  (rs3212227/rs2853694/rs3212220/rs1433048/rs1363670/
rs6887695) was associated with polyarthritis subtype (7.6% in
patients vs 21.8% in controls, p = 0.004). No association of the
investigated SNPs was found with other disease characteristics.
In conclusion, in the Romanian population, IL-12B gene influ-
ences the clinical phenotype of PsA, mainly of the polyarticular
subtype. Grant support: IGA PU_LF_2012_007.
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HLA AND TUMOR NECROSIS FACTOR
POLYMORPHISMS IN PATIENTS WITH PROSTATE
CANCER

Katarina Stingl, Tvrtko Hudolin, Renata Zunec, Zeljko
Kastelan, Eleonora Goluza, Zorana Grubic

University Hospital Centre Zagreb, Zagreb, Croatia
Correspondence: kstingl@kbc-zagreb.hr

Tumor necrosis factor-alpha (TNF-alpha) is a proinflammatory
cytokine that has been implicated in pathogenesis of many forms
of cancer, including prostate cancer. The polymorphisms located
within the gene for TNF-alpha have shown an influence on the
production of this cytokine. The aim of the study was to evalu-
ate the potential association of TNFa, TNFb and TNFd as well as
HLA-A, -B and -DRB1 with prostate cancer. Eighty-nine patients,
diagnosed and treated for prostate cancer at the University Hos-
pital Centre Zagreb in the period 2009-2011, were included in
the study. The HLA typing was performed using sequence spe-
cific oligo probes and Luminex methodology. TNF microsatellites
were analyzed using sequence specific primers and PCR fol-
lowed by electrophoresis on a polyacrylamide gel in an automated
sequencer (ALFexpress). The control subjects were healthy indi-
viduals (n = 150) typed for HLA-A, -B, -DRB1, TNFa, TNFb
and TNFd polymorphisms. The analysis of the patients’ HLA
typing results revealed HLA-A*02 (33.7%), -B*51 (14.6%) and
DRBI*11 (16.9%) as the most frequent specificities. This, as
well as the distribution of other HLA specificities at tested loci
did not show any significant difference in comparison to the con-
trols. The most frequent alleles at TNF loci were TNFa2 (28.1%),
TNFb (36.5%) and TNFd (47.8%). The distribution of TNF alle-
les revealed a significant difference only for TNFa2 and TNFdS
alleles that were present significantly more among patients in
comparison to controls (TNFa2: 28.1% vs. 16.7%, p = 0.0043;
TNFd5: 32.0% vs. 21.3%, p = 0.0128). When the patients were
divided according to the Gleason score, those two TNF alle-
les showed a significant increase only among patients with a
higher Gleason score (GS equal or higher of 7; TNFa2: 28.4%
vs. 16.7%, p = 0.0214; TNFd5: 36.4% vs. 21.3%, p = 0.0062).
The obtained results indicate an association of TNFa and TNFd
polymorphisms with prostate cancer, especially in cases of higher
tumor grade.
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LOOP-MEDIATED ISOTHERMAL AMPLIFICATION AS
A SCREENING TEST FOR HLA-B*57:01 AND 58:01 IN
DRUG HYPERSENSITIVITY PREDICTION

Sita Virakul', Pawinee Kupatawintu?, Piyasak Chaumpluk3,
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TFaculty of Medicine, Chulalongkorn University, Bangkok,
Thailand, 2Thai Red Cross Society, Bangkok, Thailand, ®Faculty
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Abstract

Association studies between HLA-B*57:01 and abacavir hyper-
sensitivity, and HLA-B*58:01 and allopurinol hypersensitivity in
many Asian populations including the Thai population have been
reported in recent years. A mortality rate of those who suffer
with Stevens Johnson Syndrome and toxic epidermal necrol-
ysis (SJS-TEN), severe drug hypersensitivity, is about 30%.
Screening for these alleles before initiating the drug drastically
prevents the severe adverse reaction. Most HLA typing tech-
niques depend on conventional techniques e.g. sequence spe-
cific primer — polymerase chain reaction or sequence specific
oligonucleotide probe — polymerase chain reaction that require
well equipped laboratory and specialized scientists. Thus it is
important to develop an alternative method to allow HLA typ-
ing in a limited resources area. In this report, we used LAMP
(Loop-mediated isothermal amplification), an isothermal ampli-
fication technique, to amplify HLA-B*57:01 and B*58:01. This
technique requires 4 primers which specifically target 6 regions
allowing both HLA-B*57:0/ and B*58:01 to be detected. From
99 blind purified DNA samples, in 40 minutes we could success-
fully achieve 100% sensitivity and 98.99% specificity (4 positive
for HLA-B*57:01, 12 positive for B*58:01 and 82 negative for
HLA-B*57:01 and B*58:01 ) with one false positive sample, com-
pared to commercial SSOP-PCR technique. This technique is
faster than PCR and also allows instant detection by using SYBR
green. In addition, an expensive thermocycler machine is not
required. However, there is a potential problem of false positive
results. Therefore, this technique still needs further development
to make it more specific. Ongoing research includes the use of
an oligonucleotide probe labelled with fluorescence to increase
detection specificity and further differentiate HLA-B*57:01 from
B*58:01.
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BLACK PATIENTS OF AFRICAN DESCENT AND
HLA-DRB1*1503 FREQUENCY OVERREPRESENTED
IN EPIDERMOLYSIS BULLOSA ACQUISITA

3
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Epidermolysis bullosa acquisita (EBA) is a rare autoimmune
bullous disease (AIBD). A higher EBA incidence and HLA pre-
disposing genetic factor have been suspected in some popula-
tions. A retrospective study from the French Referral Center for
Autoimmune and Toxic Acquired Bullous Dermatoses showed
that 54% EBA in contrast to 3% AIBD patients were black peo-
ple (p = 107%) and that 54% black patients suffering from AIBD

570

had EBA. Between 1983 and 2009, 19 black EBA patients were
seen. Among the 19 black EBA patients, 9 were natives of sub-
Saharan Africa, 1 from Reunion Island, 7 from West Indies and 2
were of mixed ancestry. The frequency of HLA-DRBI*1503 was
50% for African patients, significantly higher than for the control
population (p < 1073) and 21% for the West Indians (ns). A high
EBA frequency has already been reported in American blacks
significantly associated with HLA-DR?2. In conclusion, this retro-
spective study assessed the overrepresentation of black patients
with EBA, its link with HLA-DRB/*1503 allele, and suggests
that EBA should be evoked systematically for every AIBD seen
in this population.
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IMPACT OF HLA AND CYTOKINE POLYMORPHISMS
ON INHIBITOR DEVELOPMENT IN CHILDREN WITH
SEVERE HAEMOPHILIA A.

loanna Varela', Helen Pergantou?, Kleopatra Spanou’,
Marina Economou?, Zoey Kapsimali2, Helen Platokouki?,
Olga Moraloglou’, Nikki A. Constantinidou’

TImmunology-Histocompatibility, Aghia Sophia Children’s
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Unit, Aghia Sophia Children’s Hospital, Athens, Greece,
SHaemophilia Centre, 1st Paediatric Department of Aristotle
University, Ippokration Hospital, Thessaloniki, Greece
Correspondence: anosia@paidon-agiasofia.gr

The development of inhibitors (Inh) against factor VIII in
Hemophilia A (HA) patients is the most serious complication
and seems to be multifactorial. The type of FVIII gene mutation,
HLA genes and cytokine polymorphisms are included among
genetic predisposing factors for Inh formation. To investigate
any possible correlation of FVIII gene intron-22 inversion, HLA
alleles and cytokine polymorphisms with the risk for Inh devel-
opment in 52 Greek children with severe HA, exclusively treated
with recombinant products, we performed Long Range PCR for
detection of intron-22 inversion. PCR-SSP and PCR-SSO were
applied for HLA Class I and II genotyping and also for poly-
morphisms of TNF-a, TGF-bl, IL-10, IL-6, IFN-gamma. Statis-
tical analysis was performed by ¥ test and Fischer’s exact test.
Twenty-eight children had developed inhibitors (Group I), while
24 had not (Group II). Analysis of HLA frequencies between the
two groups showed statistically significant differences in the fol-
lowing genotypes i) positive associations with Inh development:
DRBI1%01 (p = 0.014, OR = 10.9), DRB1*01:01 (p = 0.011),
DQBI1#05:01 (p = 0.005, OR = 12.8), and ii) negatively asso-
ciated with Inh development: DRB1*11 (p = 0.011, OR = 0.2),
DRBI*11:01 (p =0.031, OR = 0.15), DQBI1*03 (p = 0.004,
OR = 0.15), DQBI1*03:01 (p = 0.014, OR = 0.22). The differ-
ences between the two groups regarding the polymorphisms of
cytokines were not statistically significant. However, the homozy-
gocity of the haplotypes ACC and ATA for IL-10 -1082G>A,
-819C>T and -592C>A polymorphisms showed a trend for Inh
development. This study shows that HLA-DRB1*#01, DRB1%01:01

© 2012 John Wiley & Sons A/S
Tissue Antigens, 2012, 79, 399-597



Blacksburg, Virginia « USA




BLACKBERRY-LIKE PARTICLES ASSEMBLED FROM
FLUORESCENT-LABELED QUATERNIZED AMPHIPHILIC
CHITOSAN: PREPARATION AND THEIR POTENTIAL FOR

BIOIMAGING
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Introduction

Self-assembly is well recognized as a versatile technique for inducing
particle formation from amphiphilic polymer having both hydrophobic and
hydrophilic entities. In particular, the method has been successfully employed
to generate particles with controllable size range and great potential as drug
carriers from amphiphilic chitosan, a natural, non-toxic, and biodegradable
biopolymer.[1-2] Fluorescent labeling has been known as an effective tool to
monitor substance uptake by biological systems. In the case of particle, the
fluorescent dye can be either chemically tagged to or physically encapsulated
in the particles. Taking advantage of pyrene being a hydrophobic fluorescent
dye, fluorescent labeled quaternized chitosan particles can be conveniently
prepared by self-assembly of amphiphilic chitosan having pyrene as a
hydrophobic  entity and  N-[(2-hydroxyl-3-trimethylammonium)]propyl
(HTAP) as a hydrophilic entity. It is anticipated that the quaternary
ammonium groups from HTAP should enhance electrostatic attraction
between the particles and negatively charged phospholipid cell membranes
and subsequently promote cellular uptake so that the particles may be
applicable for bioimaging applications.

Experimental

Stepwise procedure for the preparation of fluorescent-labeled
amphiphilic chitosan is schematically outlined in Figure 1. N-
phthaloylchitosan (PhCS) was first synthesized in order to protect amino
groups of chitosan. The C-6-azido-N-phthaloylchitosan (N;-PhCS) was then
obtained after bromination of C6 hydroxyl group of chitosan followed by
azidation.[3] Click reaction between the N3-PhCS and 1-ethynylpyrene was
conducted using Cu(I) as catalyst and N,N-diisopropylethylamine as base to
yield pyrene-functionalized PhCS (Pyr-PhCS). Deprotection of phthaloyl
groups was carried out via hydrolysis using hydrazine solution. The positively
charged HTAP groups were then introduced by a reaction between Pyr-PhCS
and glycidyltrimethylammonium chloride (GTMAC) in DMF. Finally,
fluorescent-labeled quaternized chitosan particles were obtained by self-
assembly of the resulting amphiphilic chitosan (Pyr-CS-HTAP) after dialysis
against deionized water for 4 days and lyophilization.

Figure 1. Schematic representation of stepwise procedure used for the
preparation of fluorescent-labeled amphiphilic chitosan.

Results and Discussion

FT-IR technique was used to monitor the stepwise functionalization of
chitosan. As shown in Figure 2, a characteristic stretching of azide group in
N;-PhCS emerges at 2100 cm™ and disappears after the click reaction with
ethynylpyrene (See Pyr-CS-HTAP spectrum). The presence of C-H stretching
peak of -N(CHj); at 1480 cm™ and the absence of C=O stretching at 1700 cm'
(found in PhCS) in the Pyr-CS-HTAP spectrum verified the success of HTAP
incorporation and the complete removal of phthaloyl entities, respectively.
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Figure 2. FT-IR spectra of chitosan (CS), PhCS, N3-PhCS and Pyr-CS-HTAP.

According to SEM analysis (Figure 3a), the self-assembly of the
amphiphilic Pyr-CS-HTAP interestingly yielded particles with blackberry-like
morphology and a size range of 1-2 um. As expected, the particles exhibited
positive charges with a zeta-potential of +40 mV as determined by photon
correlation spectroscopy. The bright green fluorescence of the particles
appeared in Figure 3b indicated the existence of pyrene in the structure of Pyr-
CS-HTAP particles.

Figure 3. SEM (a) and fluorescence (b) micrographs of Pyr-CS-HTAP
particles.

The self-assembled Pyr-CS-HTAP particles are relatively stable
considering that there was no detectable morphological change under extreme
variation of temperature (0-100°C) and pH (1-12). The de-aggregation only
occurred upon the treatment with non-polar hexane. Nonetheless, the
blackberry-like particles can be recovered after hexane removal and water
replacement indicating that the self-assembly process is reversible.
Interactions of the Pyr-CS-HTAP particles with representative biological
systems such as bacteria (S.qureus and E.coli) and cells (macrophage, cancer
cells) are being investigated to demonstrate their potential for bioimaging
applications.

Conclusions

Fluorescent-labeled quaternized chitosan particles can be successfully
prepared by self-assembly of amphiphilic chitosan. These positively charged
particles have an interesting blackberry-like morphology and are relatively
stable. With these desirable characteristics, the particles should potentially be
used for bioimaging applications.
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Abstract

New approach for non-destructive fruit maturity determination using pineapple as
a model had been established. The assay was based on expression patterns of the putative
sucrose transporter (AcSUT1) in crown leaves during the course of physiological maturity
that could be employed as an index marker for fruit maturity. Determination of AcSUT1
cDNA was initially designed using isothermal cDNA amplification and the DNA signal
detection via biosensor based on colorimetric platform with gold colloid nanoparticles, 20
nm in diameter. In the immature fruit, the 4cSUT1 gene was expressed allowing target
DNA amplification to occur. DNA signals detection in later step was based on plasmon
phenomena of gold nanoparticles. Presence of target DNA affected gold colloid
nanoparticles in term of non aggregation with no colour change (still ruby red). However,
in the mature fruit, the expression of the AcSUT1 gene was terminated resulting in no
target cDNA product amplification. When this was tested with gold colloid nanoparticles,
it induced aggregation of particles which in turn resulted in a plasmonic change of colloid
solution from ruby red to dark purple, visible by naked eye. All processes from RNA
extraction to cDNA signal detection could be completed within 80 min without the need
for a thermocycler as normally employed during RT-PCR. The developed assay
demonstrated the integration of the novel DNA biosensor approach for a non-destructive
determination of fruit quality.

* piyasakcha@gmail.com

INTRODUCTION

Maturity of fruit at harvest is an important factor determining fruit quality.
Especially, in several fruits, immature fruit may leads to inferior flavor quality and
undesirable physiological changes, which in turn shortening their shelf-life(Kader, 1999).
In general, fruits reach their best quality when they were left maturity ripen on plant.
Nevertheless, most practical harvesting can not wait until reaching that stage. Measuring

Acta Hort. 945, ISHS 2012 205-211.



the maturity through some characters or markers was then required. When considering
maturity measurement, maturity of fruits for customer was basically determined by their
appearance quality including freshness firmness and color, however, for farmer maturity
indices were further employed as important factors for determination of time for fruit
harvesting. So far several indices including total solid, soluble solid concentration,
titratable acidity concentration and ratio between soluble solid to titratable acidity, and
flesh firmness were used for determining maturity and quality of fruit (Pattee, 1985).
Nevertheless, those appearance factors and chemical indices alone could not perfectly
predict real maturity of fruits. Moreover, measurement through most of those indices was
performed with risk of destructive manner.

Maturation is a stage of development leading to the attainment of physiological
maturity. In most fruits, even fruits were detached from plant the processes of
development were still going on. We had interested in investigation of pineapple fruit
development as a model because it was the most agronomical important to Thailand with
annual gross export value more than 690 million USS.

Pineapple is classified as a non-climacteric fruit whose processes of ripening can
not markedly be continued once removed from the plant. It produces small quantities
amount of ethylene and has almost no response to it (Kader, 1999). Thus any abundance
of transcripts relating to fruit quality along the period of development may not be
influenced by ethylene as found in the other of climacteric one.

So far several genes of pineapple had been investigated for their expression
profiles. Taira et al., (2005) had studied a group of chitinase genes and found the different
among their stage of expression and physiological roles. Type A chitinase expressed at all
stages while type B and C was terminate at early stage of fruit development. These early
termination were not related directly to fruit maturation. Moyle et al., (2005) had
surveyed a range of expressed sequences during fruit development from green unripe to
yellow ripe fruit and found that some genes, for example, fruit bromelain gene and their
inhibitors, were abundant at unripe fruit stage, while MADS box and others associated
with protein synthesis (ribosomal L10 and some translation factors) were expressed at
yellow ripe fruit. Although the expressions were covering stages of fruit maturation, these
un unique expression profiles were not able to employ as marker for maturity detection.

During fruit maturation, sugar storage and assimilate partitioning in fruit play an
important role in fruit carbohydrate metabolism. The genes involving to these storage and
assimilate partitioning phenomena were then attacked interests since sugar accumulation
was one of the importance phenomena influencing fruit maturity and quality. Zhang ef al.,
(2010) had reported the important of sucrose phosphate synthase (SPS) as a key enzyme
over invertase and sucrose synthase, and had cloned gene SPS of pineapple (Ac-SPS1).
Expression studies of this Ac-SPSI gene revealed low expression at early stage of fruit
growth, increasing from 20 days after anthesis and gradually decreasing again on 40 days
after anthesis. The results although implied Ac-SPS/ and an activator of this gene might
be important regulatory events of sugar during pineapple fruit maturation, its
uninterrupted transcription pattern could not be employed for fruit maturation detection.

Antony et al., (2008) had investigated the sugar storage in pineapple (Ananus
comosus) and had identified a putative hexose transporter gene (AcMSTI1: A comosus
monosaccharide transporter), a putative inositol transporter gene (AcINTI), a putative
sucrose transporter (AcSUTI) and tonoplast hexose transporter like (AcMST2). In
pineapple, AcMSTI was more highly expressed in fruits compared to leaves, whilst
transcripts of AcINT1, AcSUTI, and AcMST2 were more abundant in leaves (Antony et
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al., 2008). The expression patterns of AcMSTI and AcSUTI implied the incidence of the
synthesis and accumulation periods of monosaccharide in fruit, and also the transportation
of monosaccharide from leaf during maturation, which might be employed in fruit
maturation detection.

In this paper, we had further studied the abundance of transcripts of both 4cMST1
and AcSUTI comparing with that of 18S rRNA in fruits and in crown leaf of during the
course of fruit development. Results revealed pattern of gene expression of AcSUTI in
crown leaf was finally terminated when fruit was in mature stage. Based on this, we had
demonstrated the feasibility of using the 4cSUT! expression phenomenon as an indicator
for fruit maturity determination. It was based on biosensor technique, combining a rapid
cDNA amplification of AcSUTI transcripts using reverse transcription loop mediated
isothermal platform and a novel rapid nucleic acid hybridization using colorimetric
change of gold nanoparticles for a simple non destructive determination of fruit maturity.

MATERIALS AND METHODS

Pineapple fruits used in the experiment were Smooth Cayenne type Ananus
comosus (L.) Merr., cv. Sriraja from local orchards in Cholburi province, Thailand. Fruits
were picked up covering all 5 stages of fruit developments; stagel anthesis (2 months
after flowering treatment), stage2 late anthesis stage (2.5 months after stage 1), stage3
small fruit stage (3.5 months after flowering treatment), stage 4 medium fruit stage (4-4.5
months  after treatment), and stage 5 mature fruit (5 months after flowering
treatment)(Fig. 1.). Transportation of fruits to laboratory was finished within two hours
post detachment.

The transcripts abundance of each genes were investigated using RT-PCR (Antony
et al., 2008). Amplification of primers set for the AcMST1, AcSUTI gene and for the 18S
rRNA gene, were based on criteria of specific DNA amplification to both genes without
leaving non-specific products. In detail, first, total RNA was extracted from 500 mg of
fruit and the second crown leaf (scale) from basal closed to fruit of each treatment with
TRIZOL solution according to the manufacturer’s protocol (Invitrogen, USA). Two-step
RT-PCR of each samples was performed using reverse M-MuLV transcriptase (New
England Biolabs Inc., USA), and 7aqg DNA polymerase (Promega, USA) with incubation
condition for reverse transcription at 42°C 60 min and 90°C for 10 min inactivation of

enzyme, and for PCR using denaturation at 93°C 40 sec, annealing at 53°C 1 min, and
extension at 72°C 1min with 40 cycles of amplification as described (Sambrook et al.,
1989). RT-PCR products were visualized after electrophoresis.

For detection of cDNA of AcSUTI gene using reverse transcription loop mediated
isothermal amplification (RT-LAMP), set of primers was designed to recognize 6 distinct
areas of AcSUTI gene of pineapple (accession number EF460878) as described
(Chaumpluk and Chaiprasart, 2010) (Figure 3.) and reaction preparations were carried out
as described (Notomi et al., 2000). The mixture was incubated at 63°C for 30 min. No

post heat incubation at 80°C was applied. The detection limit of the reaction was

determined using equivalent copy numbers of cloned AcSUTI at 10-fold dilutions as
described (Anonymous, 2003, Kuribara et al., 2002). The sensitivity of the assay was also
confirmed and compared with that of RT-PCR by the gel electrophoresis (Antony et al.,
2008).
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Confirmation of the AcSUTI cDNA was by novel colorimetric nucleic acid
hybridization in gold colloid solution. This was based on plasmonic change of gold
nanoparticles upon hybridized with probe (Kanjanawarut and Su, 2009). Gold
nanoparticles 20 nm in size in water solution were prepared and selected under
increasing alkaline condition using soluble starch as reducing agent (Pienpinijtham et al.,
2010). Analog nucleic acid probe (5’Flu-O-aatcagtaatta-LysNH,) was synthesized
according to the previously reported Fmoc solid-phase peptide synthesis protocol
(Suparpprom et al., 2005, Vilaivan and Srisuwannaket, 2006). The crude oligo probe was
cleaved from the solid support by treatment with trifluoroacetic acid (TFA) and purified
using reversed-phase HPLC with UV detection at 260 nm. A Varian Polaris C18 (3 um
particle size 4.6x50 mm) analytical HPLC column was used and eluted with a gradient of
0.1% TFA in acetonitrile and 0.1% TFA in deionized water. Binding of probe to surface
of gold nano particles was performed by adding probe to a final concentration of 100 pM
to 20uL gold solution (1000 ppm) at room temperature. Nucleic acid hybridization was
performed after adding 1 uL of RT-LAMP products and 1mM PBS. Changing of gold
color was observed with naked eye and measured through UV-Visible Spectroscopy
(Ocean Optics ® USB2000, USA) with A=380-800nm.

RESULTS AND DISCUSSION

Sugar accumulation was found in fruit during maturation. Close correlation of the
abundance of 4cMST! in fruits was demonstrated (Antony et al., 2008). However in fruit,
there were limited expressions of 4cSUT! gene especially during fruit maturation due to
the processes of sugar transportation was nearly ceased during that period. Although
abundance of both gene were studied in fruit(Antony et al., 2008), there were no
investigation of both gene following the course of fruit development as well as the fate of
the gene in crown leaf at each stages. Thus, in order to find the relationships between
transcripts abundance of both gene during the course of fruit development in both fruit
and crown leaf, cDNA corresponding to both genes covering all 5 stages ranking from
stagel anthesis (2 months after flowering treatment), stage2 late anthesis stage (2.5
months after stagel), stage3 small fruit stage (3.5 months after flowering treatment), stage
4 medium fruit stage (4-4.5months after flowering treatment), and stage 5 mature fruit (5
months after flowering treatment)(Fig. 1) were carried out. The mature fruit at stage 5
was selected based on 80% of yellow ripen which represent stage of physiological
maturity. The investigation of AcMSTI1 and AcSUTI gene expression of in crown leaf
during fruit development were shown in Fig. 2.

Results revealed that, in fruit, the expression of 4cMST! increased from stage 2
and steadily expressed with a level more than that of 18S, house keeping rRNA. Also the
expression of AcSUTI started to express at similar stage with that of AcMSTI. The
expression of 4cSUT! though continued to the last, its level of expression decreased after
stage 3. Interestingly, level of expression of both genes, in crown leaf, were much lower
than that found in fruit. Also level of expression of both genes continued to decrease after
stage 4 and the expression of 4cSUT! was totally discontinued at stage 5.

AcSUTI protein is a sucrose transporter localized to pre-vacuoles. Since in
Arabidopsis a similar protein called SUT2, localized at plasma membrane of sieve
element, was found to highly express in sink tissues, similar to AcSUTI, a role of
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AcSUT] as efflux carriers, implicated in phloem unloading had been proposed (Antony et
al., 2008).

The halting of AcSUTI expression in crown leaf at stage of fruit maturity was
attracted interest because this phenomenon could be employed for maturity prediction.
Based on this, a method for a simple non destructive determination of fruit maturity using
the A4cSUT1 expression phenomenon in crown leaf as an indicator was developed. It was
based on specific cDNA amplification via reverse transcription loop mediated isothermal
amplification platform in combination with nucleic acid hybridization based on
colorimetric assay of gold nanoparticles (Kanjanawarut and Su, 2009).

Reverse transcription loop-mediated isothermal amplification (RT-LAMP)
provides an alternative simple yet rapid testing option (Notomi et al., 2000, Mori et al.,
2001). The mechanisms of RT-LAMP and its accesses had been described elsewhere
(Notomi et al., 2000, Parida et al., 2008). RT-LAMP has several advantages comparing
with RT-PCR and real-time RT-PCR especially in reaction simplicity, its rapidness, its
highly specific to target RNA due to the simultaneously primed of multi primers on RNA,
and its higher amplification efficiency, all attributes that clearly distinguish RT-LAMP
from the existing detection methods (Parida et al., 2008).

Likewise, the novel nucleic acid hybridization, based on colorimetric assay of
gold nanoparticles, was employed for further identify cDNA signals. In the colorimetric
detection, the B-pyrrolidinyl peptide nucleic acid (PNA) was used as probe. B-pyrrolidinyl
PNA is a derivative of oligonucleotide analogues, in which the sugar phosphate backbone
had been replaced by a pseudopeptide chain of N-aminoethylglycine monomers, the
recognition of target DNA via PNA/DNA hybridization could be performed at
exceptionally high affinity and specificity (Suparpprom et al.,, 2005, Vilaivan and
Srisuwannaket, 2006). The merits of using PNA here were not only property of PNA that
allowed complementary DNAs to be hybridized according to the Watson—Crick
hydrogen-bonding rules, it also offered advantages over classical DNA hybridization
since its neutral-charged backbone increases the binding strength (Vilaivan and
Srisuwannaket, 2006). This provided a rapid sequence-specific detection in solution
without the need of membrane in short period of time. Moreover, this PNA probe
typically showed superior selectivity against mismatches compared to DNA probes and
would not hybridize with RNA molecules in the system, the latter was not found in that of
Nielsen (Nielsen and Haaima 1997). Thus these properties improve discrimination of
target DNA to a perfect level.

PNA also acts as a coagulant to alter the intrinsic stability of gold nanoparticles
when mixing together allowing nucleic acid hybridization to be simply and rapidly
carried out. In principle, the binding of PNA probe on surface of gold nanoparticles is by
both the nitrogen-/oxygen-containing and the hydrophobic neutral structure of peptide
backbone leading to a higher affinity to gold than that of DNA. During hybridization,
PNA oligomers can induce immediate particle aggregation, if they are not bind with their
target DNA, however, when target DNAs are available, successful PNA-DNA
hybridizations result in forming of hybridization complexes, although having a stable
double helix structure similar to dSDNA, that can effectively protect gold nanoparticles
from salt induced aggregation (Kanjanawarut and Su, 2009). The result of gold
nanoparticles aggregation provides a colorimetric change of colloid particles from ruby
red to purple that can be seen with naked eye.

In the first step of experiment, a primer set for AcSUTI cDNA amplification,
comprising two outer (F3 and B3) and two inner primers (FIP and BIP), was chosen and
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depicted in Fig. 3. It was specific to 6 area of AcSUTI (Accession No. 460878) between
position 1574 to 1741(see Fig. 3 for detail).
Amplification using the designed primer set at 63°C delivered ladder DNA

products of multiplied size of ~170 nucleotides (Fig. 4) within 30 min. Only sample
having AcSUTI RNA had been amplified. The primer set was priori tested by computer
program Blastn for specific amplification of only target RNA but not others (Altschul et
al., 1990) and tested for non-reacting with RNA of plant viruses (TMV, CMV, PRSV)
(data not shown). When compared with RT-PCR of Antony et al., (2008), RT-LAMP
provided similar results (Fig. 4., lower).

Sensitivity in 4cSUTI detection using known copy number of clone cDNA of
AcSUTI as templates was also performed. Results, in Fig. 5, revealed the LAMP unique
DNA pattern observed even when the template molecules were diluted to a level of 10
copies per reaction. Results of cDNA amplifications were also well corresponding with
that of previously reported RT-PCR (Antony ef al., 2008). All these results supported the
reliability of amplification system for AcSUT! signals amplification.

Further step confirmation of the nucleotide sequence of target products was by
novel nucleic acid hybridization based on colorimetric assay of gold nanoparticles.
Successful detection of AcSUT1’s cDNA each time when fruit were still immature came
with ladder like DNA products that hybridized well with PNA at surface of gold
nanoparticles. This resulted in effective protection of gold nanoparticles from salt induced
aggregation, thus, remaining of ruby red color for gold solution. Whereas in mature fruit,
where the expression of AcSUTI in crown leaf had terminated, no DNA amplification
were observed. The PNA oligomers, not binding with their target DNA, were remained
on the gold surface and could induce immediate particle aggregation changing the color
of gold solution from ruby red to purple one. Ruby red color of gold solution after
hybridization could be detected in samples having AcSUT! expression within 2 min(Fig.
4 and Fig 5, bottom). They provided further evidences of nucleic acid specific detection
following AcSUTI amplification system. These specificity and sensitivity indicated a
satisfactory performance of the combined RT-LAMP and rapid nucleic acid hybridization
method for maturity detection. The result of clear color of ruby red signals came from the
yield of DNA products, delivered more by reverse transcription isothermal DNA
amplification than that of PCR, especially at near limit of detection. The RT-
LAMP/nucleic acid hybridization also provided several merits of RT-LAMP in cDNA
amplification and signals detection in terms of the incubation at constant temperature
which eliminates the need for a thermocycler device, making possible to perform DNA
amplification outside laboratory (Mori ef al., 2001, Nagamine ef al., 2001) and detection
rapidly at room temperature. Furthermore, time for amplification reaction is reduced to 30
min which enables the whole processes of the detection to be completed within 1 hour.
Additionally, this detection can be observed visually with naked eye

Further demonstrations of fruit maturity determination using the above method, an
application for field testing had been carried out to using 25 samples randomly selected
from fields (15 mature and 10 immature fruits, based on color and soluble solid criteria).
Results revealed the complete detection of all blind 15 samples of mature fruits among 25
samples tested but one false negative result was found from both tests. The mature fruit
results predicted by RT-LAMP were agreed with the results previously judged by the

physiological criteria. Based on the data tested (n=25), sensitivity of the test was
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calculated from number of positive results divided by sum of number of positive plus
number of false negative, which equally to 15/16 or 93.75%. Similarly, the specificity of
the test was calculated from number of negative results divided by sum of number of
negative plus number of false positive, which equally to 10/10 or 100% (Fig.6.) . It should
be noted that the detection of gene expression here was a qualitative test, suitable to
detect on and off gene expression, for quantitative assay further modification of the
method was needed.

Detection of target AcSUT gene expression in crown leaf was a sample model for
non destructive determination of fruit maturity. In the rest of fruits, either climacteric or
non climacteric one, the incidences of the synthesis and accumulation periods of
monosaccharide in fruit, and also the transportation of monosaccharide from leaf during
maturation, were still key factors in fruit development, fruit quality and fruit maturity,
awaited elucidation. These exploring could be employed in fruit maturation detection.

Based on the above results, we had developed the method for simple fruit maturity
detection and demonstrated the use of this method for fruit maturity determination. By
detecting of AcSUT1 gene expression in crown leaf, one can predict state of fruit maturity
without damage the fruit. This was the first time that isothermal nucleic amplification
platform together with nucleic acid hybridization on the surface of gold nanoparticles
were applied for fruit maturity detection. The detection via RT-LAMP and nanoparticles
here costs approximately US$8 per test, at least 8 times cheaper than the cost of a
standard laboratory test. Also reaction can be adjusted to an easy-to-operate reagent kit
which better provides an opportunity to monitor the expression of 4cSUT! gene wherever
needed.

CONCLUSION

A technique for the pineapple fruit maturity detection based on RT-LAMP of
AcSUTI and nucleic acid hybridization on the surface of gold nanoparticles was
developed. Direct amplification of AcSUTI by reverse transcription isothermal DNA
amplification using a set of primers allowed target gene to be ready for nucleic acid
hybridization in 30 min. Target gene products in ladder DNA starting from size of 170 nt.
could be observed. Determination of technique’s sensitivity revealed the limit of detection
at 10 copies of AcSUTI gene. Further detection of AcSUTI signals was based on
colorimetric nucleic acid hybridization platform with gold colloid nanoparticles, 20 nm in
diameter. In the immature fruit, the 4cSUT1 gene was expressed allowing target DNA
amplification to occur. Presence of target DNA affected gold colloid nanoparticles in term
of non aggregation with no color change (still ruby red). However, in the mature fruit, the
expression of the 4cSUT1 gene was terminated resulting in no target cDNA product
amplification. When this was tested with gold colloid nanoparticles, it induced
aggregation of particles which in turn resulted in a plasmonic change of colloid solution
from ruby red to dark purple, visible by naked eye. The technique has several merits on
its rapidity and simplicity in performing the test, on the characteristic of colorimetric
change of gold nanoparticles which required no sophisticated devices, and on its ability to
perform the test wherever needed.
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Figures

Figure 1. Stage of fruits development of Sriraja, a Cayenne type pineapple. A) From left to right, Stagel
anthesis (2 months after flowering treatment), Stage2 late anthesis stage (2.5 months after stagel), Stage3
small fruit stage (3.5 months after flowering treatment), Stage 4 medium fruit stage (4-4.5months after

flowering treatment), and Stage 5 mature fruit (5 months after flowering treatment). B) Position of crown
leaf used for maturity detection (arrow).

Figure 2. Abundance of transcripts of AcMST1 and AcSUTI in fruits and in crown leave during the course
of fruit development (Stage 1 anthesis to stage 5 mature fruit) compared with the 18S rRNA house keeping

gene. Soluble solid and titratable acidity (TA) of each stage were also shown. The ntc represents non
template control.
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ACCESSION EF460878

Prirmer Sequence Location
1501 tcagotgbtc ttQItgtcag CSCOHEOCSS atogacocta SOLQoCIOSt battggtgca
F3 CoGOGTGCAACTTCATTG 1574-1591
B2 GTCAACTCTGCAGTCACAGA 1758-1772
i AP GCOTGATCACATGTTGARTEC
1561 agattagtct gggoguoghty coacttoatt gtatsta tata TTTTTCTGEATGGCAGCARCAAL 1597-1615and
________ Flemmmeemmmm [ S 1855-1676
b EIP CAAGGIGGTCAARAACGTGEC
1621 ttaagttgag tatcaateag taattactct aacggoattc smcatgtgat ogIggoaas GATGCGAGAGGARATCCA ]1?2320-:??210 and
-—-pzcbe-——=  mmmm——eee Fle ——m————mmm -
1631 googgttata ttEbCcactto Stggatttoc totogooato
e Blommmee——— =] ——

1741 actsacageg

S <[ ——

LE01 gotttggoca ctggogttct aaatotogog atogtogtts ctcagatggt agtgvogatt

Figure 3. Schematic illustration of related sequence of AcSUTI where 6 locations of primers were assigned
on the sequence including F3, F2, F1, B1, B2 and B3 respectively. The detail of primers was demonstrated
on the right.

Figure 4. Amplification of target AcSUT! using RT- LAMP, their corresponding RT-PCR detection (lower)
and the confirmation by nucleic acid hybridization using gold nanoparticles. Lane M, 100 nucleotide
ladder, Lane NTC, non template control, Lane —ve, negative amplification of AcSUTI, and +ve, positive
amplification of 4cSUTI.
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Figure. 5. Sensitivity of primers for amplification of target cDNA of known copies using cloned AcSUTI
gene via LAMP (upper) and its nucleic acid hybridization using gold nanoparticles (lower). The
confirmation by PCR based on Antony, (2008) was shown in the middle. Lane M, 100 nt ladder marker.
Lane —ve , negative amplification of DNA using 4cMST1 gene as a template, Lanes with numbers represent
the number of DNA copies involved in detection.

Figure 6. A) Representative detection of AcSUT! in pineapple fruits collected from fields. Results based on
RT-LAMP (upper) and RT-PCR as previously reported (Antony, et al., 2008) (middle) and nucleic acid
hybridization using gold nanoparticles (lower) were illustrated. Lane M, 100 nt ladder marker, Lane —ve ,
negative amplification of AcMSTI1, Lane +ve , positive AcSUTI DNA, Lanes S with numbers represent the
commercial samples from source 1 to 5. B) Overall fruit maturity detection using 15 mature fruits and 10
immature fruits revealed a precise testing results of mature fruits with one of false negative in both
methods. The sensitivity and specificity were demonstrated.
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CYCLODEXTRINS DISCRIMINATION BY TRICATIONIC PHENYLENE-ETHYLYNYLENE
FLUOROPHORE
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ABSTRACT

The cyclodextrins (CyDs) containing six (a), seven (f) and eight (y) glucosyl-membered cyclic structure are widely used
in controlled release system, separation and molecular recognition due to their complexation ability and low cytotoxicity.
Size selective inclusion complexation with CyDs and detection of this phenomenon are thus important for development
toward these applications. In this contribution, the complexation of trimethylphenyl quaternary ammonium groups with
y—CyD is readily observed by fluorescence enhancement and "H NMR signals shifts of tricationic phenylene-ethynylene
fluorophore. Benesi-Hilderbrand plot and the NMR data revealed a 1:1 complexation between the fluorophore and -
CyD. The data also indicate no inclusion interaction between the fluorophore and other CyDs (a and $). This tricationic
fluorophore should be useful for identify y—CyD from the other sizes CyDs and probing its inclusion interaction.

Keywords Fluorescence; Sensor; Inclusion complex
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ABSTRACT

A novel electrochemical biosensor for the detection of high-risk human papilloma virus (HPV) DNA type 16 based on
pyrrolidinyl peptide nucleic acid (acpcPNA) as a sensor probe was proposed. A 14-mer PNA probe was designed to specifically
target the DNA sequence of HPV type 16. The probe was modified at the N-terminus via N-acylation with anthraquinone (AQ)
as a redox-active label. The success of the synthesis of the AQ labeled PNA (PNA-AQ) was confirmed by MALDI-TOF mass
spectrometry and by thermal denaturation study with a complementary synthetic DNA target with a sequence corresponding to
the HPV DNA (T,= 69.9 °C). An inexpensive screen print carbon electrode (SPCE) was used in this study. Ink compositions
containing graphite powder, carbon ink and binder solution were mixed together with the ratio of 0.2 g: 1 g: 1 mL, respectively.
The PNA-AQ probe (20 uM) was covalently immobilized onto the electrode surface using 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide) (EDC) as a coupling agent after the electrochemical pretreatment of electrode. Hybridization between the PNA-
AQ probes and the synthetic DNA target was studied by measuring the peak current of AQ using a square-wave voltammetric
(SWV) method. The results showed that the redox signal response decreased by three folds after addition of the DNA. This is
explained by the rigidity of PNA-DNA duplexes, which affected the accessibility and electron transfer between the AQ label and
the electrode surface. It is hoped that this method will be applicable in screening for the HPV-DNA type 16 in the primary stage
of cervical cancer in the developing country.

Keywords Human Papilloma Virus (HPV); Peptide Nucleic Acid (PNA); Anthraquinone (AQ); screen
print carbon electrode (SPCE); Redox-active label
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Abstract: Recognition between two strands of DNA relies on highly specific base
pairing between thymine-adenine and cytosine-guanine. Such a high specificity is
undesirable in certain purposes, for example, in determination of DNA sequences that
are closely related, but not identical. A universal probe that can bind to these similar
DNA targets with equal affinities will reduce the number of probes to be synthesized.
The universal probe must contain one or more universal base which can bind to all four
natural nucleobases with equal strength. A considerable progress in this area has been
made with DNA probe, but not PNA. The purpose of this work is to synthesize and
determine the DNA binding properties of a new pyrrolidinyl PNA carrying inosine as a
universal base. The Fmoc-protected inosine universal base monomer has been
successfully synthesized and incorporated into the pyrrolidinyl PNA. The ability of the
synthesized PNA to behave as universal probe is being investigated.
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SYNTHESIS OF NOVEL PEPTIDE NUCLEIC ACIDS BEARING
2-AMINOCYCLOPROPANE CARBOXYLIC ACID SPACER
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Abstract: Synthesis and DNA binding properties of conformationally restricted peptide
nucleic acid (PNA) have been the subject of intense research in the past few years. Our
group previously reported a pyrrolidinyl peptide nucleic acids consisting of proline and
a five-membered cyclic B-amino acid namely (1S,2S5)-2-aminocyclopentanecarboxylic
acid in the backbone (acpcPNA). This PNA system showed a strong binding affinity
and high sequence specificity with DNA, but less so with RNA targets. Although, the 5-
membered cyclic -amino acid spacer has been successfully employed as spacer in
PNA, the 5-membered ring system appeared to be flexible which could compromise the
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DNA binding properties. In this work, a new PNA system bearing potentially more rigid
3-membered cyclic B-amino acid (B-accPNA) was synthesized. The N-Fmoc protected
B-accPNA monomers containing thymine base have been successfully synthesized in
enantiomerically pure form starting from pyrrole. These monomers were used to
synthesize homothymine PNA by solid phase peptide synthesis. DNA binding
properties of the PNA with DNA will be explored and compared with the 5-membered
ring analogue.
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Detection of HLA-B*5801 by In-House PCR-SSP

A

adq = kY aan d =
ITN1IATIATINOY DAY 5801 AINITNED1IDAIOAN

a = * @ o * *ok a a
Sita Virakul (@11 331)@)" Jeerawat Nakkuntod (33 3011 W1AYUNA) Pawinee Kupatawintu™ (71139 A1)a3umn)
o o A . . s &
Oratai Kangwanshiratada (8318 N4212%¥351A1)  Suppaporn Paiboonkasarp (flAN3 'lwyaﬂﬂmﬂu)

a a

Dr.Nattiya Hirankarn, (A3. Way.aig§on #ynigyar))
ABSTRACT
Pharmacogenetics in HLA allele is very useful for risk assessment in life-threatening drug hypersensitivity. In 2004,
HLA-B*1502 first showed strong association with carbamazepine hypersensitivity in Asian ethnicity. Another
association, HLA-B*5801 involves with allopurinol hypersensitivity with 26% mortality rate. Since allele frequency
of HLA-B*5801 is quite common in some Asian ethnicity, it is important to develop a rapid and cost effective test for
Asian, including our Thai population. To get HLA typing result, commercially available PCR-SSP is too expensive.
As a result, in-house PCR-SSP would be the most interesting candidates comparing to other molecular techniques.
The results showed that only one set of primer can differentiate HLA-B*5801 from other alleles specifically in 200
DNA samples with 100% sensitivity and >99.9% specificity. The benefit of these tests would help patients to avoid

any life-threatening adverse consequences from allopurinol.
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1. Introduction

Drug response in each patient is different.
Up to date, there are many evidence on genetic
factors which play an important role in these
responses, such as cytochrome P450, thiopurine
methyltransferase and human

leukocyte antigen

(HLA) (Ingelman-Sundberg, 2008). Study in
inherited predisposing factors which determine drug
response is widely known as pharmacogenetics (Wolf
et al., 2000). These diverse reactions include not only
level of effectiveness in treatment, but also life-
threatening severe symptom. For severe drug-induced
reaction aspect, although the incident rate is quite
low, identification of these genetic markers helps
reduce cause of death dramatically. The strongest and

the most specific marker for risk assessment so far is

HLA gene (Ingelman-Sundberg, 2008).

The poorest prognosis among severe drug-
induced skin reactions are Stevens-Johnson syndrome
(SJS) and toxic epidermal necrolysis (TEN)
(Mockenhaupt, 2009). They are a life-threatening
syndrome with high mortality rate. The appearances
on mouth, lips, conjunctiva and genital area vary from

erythema to blistering second degree burn-like.

In 2004, Chung, et al., first reported HLA
gene as a genetic marker for SJS by carbamazepine
(Chung et al., 2004). Year after, many other studies in
pharmacogenetics of HLA alleles and drug
hypersensitivity have also been reported. In addition

to HLA-drug specific induced SIS, reports on
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ethnicity shows important role as well (Chung et al.,

2007). Among Asian ethnicity, HLA-B*5801

involved  with  severe side effect from

antihyperuricemic agents, allopurinol. Its mortality
rate is around 26% (Hung et al., 2005). Since allele
frequency of this HLA antigens are quite common in
some Asian ethnicities, as listed in table 1
(http://www.allelefrequencies.net/default.asp), it is

important to develop a rapid test for Asian including

our population.

Ethnicity HLA-B*5801 (%)
China North Han 2.9
China South Han 8.9
Taiwan 9.8
Japan 0.5
Korea 6.5
Singapore 5.8
Thailand 7.7
Vietnam 6.5

Tablel. HLA-B*5801 frequencies in Asian ethnicity.

For HLA typing, standard serological tests
give inconclusive results which were caused by cross
reactivity of monoclonal antibodies. As a result, HLA
subtypes cannot be identified accurately. Years after,
molecular techniques become commercially available

and are applied to many routine laboratories. It’s still



expensive and also gives lots of unnecessary
information, as all alleles are interpreted (Martin et
al., 2005). Testing HLA gene from genomic DNA,
most laboratories may apply either of four different
techniques. First, polymerase chain reaction-sequence
specific oligonucleotide probe (PCR-SSOP). This
technique use sets of probes to detect HLA types of
multiple samples at the same time. This is suitable for
high throughput HLA typing, preferable used in
donor center. Second, reverse SSOP is quite
expensive due to the development of high efficiency
probes that were designed to bind target allele at the
same temperature. The third technique is PCR-SSOP-
luminex® system which applies flow cytometry to
detect different alleles with up to 100 DNA probe
attached colorimetric beads (Itoh et al., 2005). Its
limitations are cost and requirement of special
instrument.  Finally, sequence-specific  primer
polymerase chain reaction (PCR-SSP) technique
works by amplification HLA gene with many sets of
primers to specifically differentiate closely related
alleles. This technique is available in many forms of
commercial sets of primers, which cost is still quite
expensive. In order to get the most specific, rapid and
cost effective test for HLA-B*5801, it’s challenging to
develop an in-house PCR-SSP to predict drug allergy

for each patients before prescription.
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2. Objective

To develop an in-house PCR-SSP for HLA-B*5801
and validate with PCR-SSP commercial kit and direct

sequencing.
3. Materials and methods

Sample

In a setup step, known HLA-B*5801,
B*1517 and B*5701, which have the closest
sequences to HLA-B*5801 and are present in Thai
population, along with other alleles (HLA-B*0705,
1301, 1501, 1511/12/13, 1525, 1801, 3501, 3801,
3901, 4001/02, 4402, 4601, 4801, 5101/02, 5201 and
5701) that have high frequency in Thai population
(http://www .allelefrequencies.net/default.asp), were
used. In a validation step, two hundred genomic DNA
samples of blood or bone marrow donors at the Thai
Red Cross were analyzed by gold standard methods
using PCR-SSP commercial kit (Micro ssP™ HLA
DNA Typing Trays, One Lambda, Inc.) and direct
sequencing. These genomic DNA samples were sent
to us blindly to test for HLA-B*5801, with 9.5% of

HLA-B*5801.
Sequence-specific Primer design

HLA*B is the most polymorphic gene in
human genome. Around 1,249 variants are reported in
2009 from the IMGT/HLA database

(http://www.ebi.ac.uk/imgt/hla). In order to design

specific primer, HLA-B sequence alignment was



180 190 200 210 220
B*070201 CGTGAGGTTC GACAGCGACG CCGCGAGTCC GAGAGAGGAG CCGCGGGCGC
B*15170101 e e e - GAT--C- —=C—m—m——
B*15170102 S em e e - —GAT--C- --C-------
B*570101 --- --GAT--C-
B*580101 e e e~ GAC——- -
B* 5802 e e e - GRAC———-
280 290 300 310 320
B*070201 TACAAGGCCC AGGCACAGAC TGACCGAGAG AGCCTGCGGA ACCTGCGCGG
B*15170101 ATG- -----T CC--G-----
B*15170102
B*570101
B* 580101
B* 5802 ATG- —----T CC--G----= -T----=-== —A-——-———— T-GC--T—
380 390 400 410 420
B*070201 GCTGCGACGT GGGGCCGGAC GGGCGCCTCC TCCGCGGGCA TGACCAGTAC
B*15170101 e e e T CC-——-G—
B*15170102 e e — —mm—====T- CC-—--— G- —-—-
B* 570101 e e e o
B* 580101
B* 5802

taken from the database with HLA-B*070201 as
consensus sequence (Figure 1). It’s noted that
polymorphism among HLA-B*58 group is scattered
around the whole sequence, so rare HLA-B*5705 and
other rare subtypes of HLA-B*58 cannot be
differentiated. Reaction mix at 20 ul contains final
concentration of I1x Taq buffer, 1.5 mM MgCl,, 0.2
mM  dNTP, 125 uM primer (Fl: 5’-
ACGGAACATGAAGGCCTCC-3* and RI1: 5°-
CAGCCATACATCCTCTGGATGA-3’), 025 uM
internal control primer (IF: 5’-
CCTCACATGATATGACTTTGACAT-3* and IR:
5’-AACATCAGAAGCATTGACCTTG-3’) and 0.25

U Platinum® Taq DNA polymerase (Invitrogen).

C- —mmmmmmmom mmmmmmmem —em|mmmmem oo - T-G-—-—-T-

CTACTACAAC CAGAGCGAGG CCG |GGTCTCA CACCCTCCAG AGCATGTACG
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Touchdown PCR cycles are used to increase
specificity, set up by gradient of temperature and
cycles that results in both positive band for HLA-
B*5801 and housekeeping gene. They are composed
of 95°C 2 min for 1 cycle; 95°C 30s, 70°C 30s and
72°C 30s for 5 cycles; 95°C 30s, 68°C 30s and 72°C
30s for 5 cycles; 95°C 30s, 67.1°C 30s and 72°C 30s
for 5 cycles; 95°C 30s, 65°C 30s and 72°C 30s for 10
cycles; 95°C 30s, 55°C 30s and 72°C 30s for 20
cycles; 72°C 5 min for 1 cycle and holding at 4°C.
Total genomic DNA is 100 ng. Electrophoresis uses
2% agarose gel to determine PCR product size by
running with 100bp DNA Ladder at 100 V for 40

min.

230 240 250 260 270
CGTGGATAGA GCAGGAGGGG CCGGAGTATT GGGACCGGAA CACACAGATC

Forward primer

330 340 350 360 370

Reverse primer

430 440 450 460 470

GCCTACGACG GCAAGGATTA CATCGCCCTG AACGAGGACC TGCGCTCCTG

e e e e e P e

Figure 1 Related HLA-B alleles sequence alignment with primer regions. HLA-B*5801 can be differentiated

specifically within those closely related alleles, HLA-B*1517, 5701 and 5802.

Assay Analysis

To compare the efficiency between the new
developed method with traditional one, sensitivity
and specificity of the assay is determined (Altman

and Bland, 1994).

963

Sensitivity = number of true positive

number of true positive + number of false

negative

Specificity = number of true negative



number of true negative + number of false

positive

4. Results and discussion

Previous report on HLA-B*5801 detection
composed of two sets of primer (Bunce et al., 1995).
From the reference, first primer set amplifies HLA-
B*5801, 5104, 5301 and 1513, while another set
amplifies HLA-B*5801-3. A successful typing for
HLA-B*5801 will give two positive bands from both
sets of primer in separated reactions. The limitation of
this method can occur with the combination of non
HLA-B*5801 heterozygote, for example, patient with
HLA-B*1513 and HLA-B*5802 will result as two
positive bands and misinterpret as HLA-B*5801.

Here, we used only one set of primer to reduce assay
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number to one reaction and to also exclude false
positive from heterozygote. Of 200 samples, we can
detect 19 B*5801 samples correctly. Moreover, this
current test could reduce the HLA typing cost from
3,000 baht/test by commercial PCR-SSP to 1,000

baht/test.

In addition, within these 200 samples, all
HLA-B alleles presented more than 1% in Thai
population including HLA-B*0705, 1301, 1501,
1511/12/13, 1525, 1801, 3501, 3801, 3901, 4001/02,
4402, 4601, 4801, 5101/02, 5201 and 5701 gave

negative result with our primer. A representative gel

picture is shown in Fig 2.

105€+d
108¢+d
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109Ys4
10159
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Figure 2 Migration patterns from both HLA-B*5801 (F1, R1) and housekeeping primer.

As mentioned earlier, polymorphisms among
other related alleles, both in intron and exon, are
scattered around the sequences, so HLA-B*5705
and other subtype of HLA-B*58 cannot be

differentiated. Predicted amplified alleles are HLA-
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B*5705, 5801, 5804-5, 5809, 5810N, 5811-13, 5815,
5817N, 5819 and 5821-24. However, from the allele

frequencies database

(http://www.allelefrequencies.net/default.asp)  of

world populations, those cross reactive alleles are very

FI,R1

Internal



rare, close to 0%. From 200 blind samples, this

assay gives 100% sensitivity and >99.9%
specificity, as extremely rare alleles mentioned
above can still be amplified. According to our
samples, we didn’t found those extremely rare
alleles, positive predictive value and negative
predictive value are 100%. Therefore, this SSP

assay with one set of primer pairs can be used with

high specificity in our Thai population.

5. Conclusion

This PCR-SSP system can be used to
define HLA-B*5801. The benefit of these tests
would help patients to avoid any life-threatening
adverse consequences from allopurinol with less

cost.
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