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Abstract— In this paper an assay for the detection of genes
associated with rheumatoid arthritis (RA) and multiple
sclerosis, using polymerase chain reaction (PCR) drsequence
specific oligonucleotide probes (SSOP) is presenteid order to
be further applied in a portable Lab-On-Chip (LOC) device. A
substantial part of these reagents were based oneHiterature
(11" International Histocompatibility ~Workshop, IHW),
bearing the advantage of proven successful implemition in
genotyping, while others were designed for this stly. More
precisely, our methodology discriminates HLA-DRB1 a
DRB1*01, *04 and *10, which include shared epitopgSE)
alleles associated with RA and additionally DRB1*15allele,
including DRB1*1501 associated with MS (broad gengping
method). To further present the basic elements ohe assay for
high resolution genotyping of SE DRB1 alleles, wergvide as
an example the case of HLA-DRB1*10 alleles (HLA-
DRB1*100101, *100102, *100103, *1002 and *1003).
Regarding the methodology for developing a detectip assay,
for SNPs associated with RA or MS the basic stepsrea
presented. DNA sequence data are obtained from IMGHLA
and SNP database. Online software tools are used tiefine
hybridization specificity of primers and probes towards human
DNA, leading to hybridization patterns that uniquely designate
a target allele and evaluate parameters influencingPCR
efficiency. Respecting current technological limitdons of
autonomous molecular-based LOC systems the approacbf
broad genotyping of HLA-DRB1*01/*04/*10/*15 genes, is
intended to be initially used, leaving, high resoliion genotyping
of SE alleles for future implementations. This métod is easy to
be updated and extended to detect additional assatéd loci
with RA or MS.

I. INTRODUCTION
New diagnostic procedures based on Lab-on-a-chiC(L
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technologies[1] are capable of performing a widegea of
genomic tests by using a sample of blood or otbelybluid
such as saliva. Portable miniaturized LOC devides @
provide susceptibility and diagnosis of common ancke
diseases at the point-of-care and other preferezdthtare
environments. Rheumatoid arthritis (RA) is a digeas
characterized by initial inflammation of the joirdad other
autoimmune features. So far a single mendelian arésin
has not been proven as a causative factor (MIM3CE)[2].
A significant genetic association has been estadissince
1970s, located in the HLA region on chromosome.6[3]

In this region, alleles associated with RA shareamino
acid sequence motif, at residues 67-74 in the third
hypervariable region of the DRB1 chain. This masf
defined as the shared epitope (SE), and can bedfdaun
HLA-DRB1*0101, *0102, *0104, *0401, *0404, *0405,
*0408 and *1001[4, 5, 6]. It is very interestingathhis motif
is not found in other closely related alleles tlaaé not
associated with RA, indicating the importance ds tiegion
of DR molecule in rheumatoid arthritis disease
pathogenesis[7].

Complexity characterizes the genetic base of tkeadie
and there are more loci, in populations with Euezperigin
that have been associated with RA. More receniestuthve
shown an association with PTPN22[8], OLIG3 and
TNFAIP3[9], a locus in region 6g23[10], a locus rped
between TRAF1 and C5[11] and STAT4[12].

The myelin loss, axonal pathology and progressive
neurological dysfunction are main characteristicealtiple
sclerosis (MS) which is a common inflammatory diseaf
the central nervous system[13]. The associatiowdsst MS
and MHC (major histocompatibility complex) class lhas
been mapped to the extended haplotype HLA-DQA1*0102
DQB1*0602-DRB1*1501-DRB5*0101. This is the principa
MHC haplotype that increases MS risk in individuaif
Northern European descent[14].

In the study of Chao and coworkers[15] interactions
between HLA-DRB1, HLA-A and HLA-B haplotypes were
evaluated. HLA-A and —B alleles on haplotypes nediring
not over-transmitted[15]. MS
association with SNPs in the interleukin-7 recefia7R)
has also been confirmed[16].

In this paper the methodology presented discateis
DRBL1 alleles as DRB1*01, DRB1*04 and DRB1*10, which
include SE alleles associated with RA and regartii®y as
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DRB1*15 including DRB1*1501 associated allele (kdoa forthcoming sections, are: (a) assessment of psinasd
genotyping method), based on polymerase chainiosaad probes along with the hybridization patterns fa tletection
sequence specific oligonucleotide probes (PCR-SSORY DRB1 alleles as DRB1*01/*04/*10 and (b) DRB1*{&)
Furthermore, the methodology of high resolutionaggping designation of primers and probes and hybridizapiatierns
of SE alleles using as an example the case of DRB1*that facilitate the PCR-SSOP high resolution suibtypf the
alleles (DRB1*100101, *100102, *100103, *1002 andHLA-DRB1*10 gene as alleles DRB1*100101, *100102,
*1003) is also presented. In addition, we incorporthe *100103, *1002 and *1003 and (d) basic steps of EOP
basic steps of the methodology for detection of SNRassay for SNP detection.

associated with RA or MS. A. PCR-SSOP assay for DRB1*01/*04/*10 broad
Il. METHODOLOGY OF GENES'GENOTYPING genotyping , .
_ ) _ Generic primer pair DRB amp-A (5 primer) and DRB

The sequences of alleles used in this st.udy arweder amp-B (3' primer) (1T IHW)[23], amplifies the majority of
from IMGT/HLA  (database ~  version 2.28) I A-DRB genes, between them the targets DRB1*01,
[17,18,19,20,21,22]. Static text version of the B®e ppp1x04 and DRB1*10, with the exception of alleles
alignments is ~available from pRB1%010105, *010202, *040503, *040504. Concerning
ftp://ftp..eb|.ac.uk/pub/database§/|mqt/mhc/hla/DlRBc.fast the amplification of alleles DRB1*010105, 040503dan
a provided by the HLA Informatics group. 040504, which are target loci, two additional 3inpers

The primers’ sequence, used for the amplificatibithe ., |4 pe generated. For this purpose, the sequeimmemer
second exon of HLA-DRB gene, generic and groupipeC ppg amp-B should be modified, so we designe two
Were given f*?y the 11th International Histocompétipi ,jternative versions in order to cover all the SEles in
Workshop (11 IHW)[23] cited in[24,25]. IMGT-HLA database. We designate them as DRB amp-Ba

.Furthermo.re, we test the generic and group specifit, 4 DRB amp-Bb and each of them contains a sinate b
primers against the HLA-DRB sequences using praii a . g pnstitution compared with the initial 3' pem(DRB
primer search tool, online software from IMGT/HLAamp_B)_ So, we need to use a 3' primer mix conegriby
database website [17, 18, 19, 20] in order to @efleir o0 different 3' primers (table I). Conditions:oenmended
specificities against the current database coiectf HLA 1 the 11th International Histocompatibility Worleh for
DRB alleles (http://www.ebi.ac.uk/imgt/hla/probertt.  p-g assay are presented in table Il
This was necessary due to new entries in the IMGNH 1o DRB amp-1 5' primer (from ihe DR1-group specifi
database that followed their publication. Paransetepjification primers pair, 111HW)[23] hybridizes to all
influencing PCR efficiency are evaluated using Meter |, A prRB1*01 genes apart from DRB1*0107 and
free online software (PREMIER Biosoft Int., Palot&l DRB1*0122 which do not target SE alleles
Calif.). Oligonucleotide primers are analyzed fohnet '
presence of possible hairpins, secondary structugdting
temperature etc.

We also used Blast software [26,27] for three diffie

TABLE |
THE SEQUENCES OF THE GENERIC AND GROUP SPECIFIC PRRS USED FOR
THE DRB GENE AMPLIFICATION AND THE PROBES SUPPORTING THELAELES'
. X ) . N ) DETECTION. THE NUMBERS REFER TO THE CORRESPONDING NUCLEOTIDES O
reasons: i) to identify putative hybridizationesiton human prg exon 2. THE INDICATION (-8) REFERS TO THE LAS NUCLEOTIDES OF
genome by the selected primer pairs, that couldriectly  INTRON 1. AS NUMBER ONE(+1) THE FIRST NUCLEOTIDE OF EXON2 WAS

amp|ify other DNA sequences apart from the targetsPNSIDERED THE UNDERLINED NUCLEOTIDES REFER TO THE BASE
(http//VWVW ncbi.nim.nih qu/tOOlS/Drimer- SUBSTITUTIONS OFDRB AMP-B THAT LED TO DRB AMP-BA AND DRB AMP-

- - . BB DESIGNED FOR THIS PAPERPRIMERSPROBES INDICATED WITH ONE
blast/index.cqi?LINK_LOC=BlastDescAdl# ii) the exact ASTERISK ARE BASED ON PUBLISHED DATA FROM.1™ IHW [23], WHILE TWO

region of the HLA-DRB gene that the primers or febes asterisks REFERS TO NEWLY DESIGNED SEQUENCES

are complementary to, was designated using the BIDAS

Primer/Probe (5’ — 3))

software 5’ primer
(http://blast.ncbi.nim.nih.gov/Blast.cqi?PAGE_TYFBast g prir:rr:‘;r
Search&PROG_DEF=blastn&BLAST PROG DEF:megaBg,Erimer

last& SHOW_DEFAULTS=0n&BLAST SPEC=blast2seq& 3-primer
LINK_LOC=align2seq against static text version of theProbe 1
sequence alignments of DRB1 exon 2, available frofffobe 2

IMGT/HLA database ( prepes
ftp://ftp.ebi.ac.uk/pub/databases/imgt/mhc/hla/DR8c.fast  prope 5
a), and iii) primer pair design for selected SNP,ickhis Probe 6
performed with software Primer-blast Probe 7
(http://www.ncbi.nlm.nih.gov/tools/primer-blakt/ The ;;ggzg

*DRBamp-A, -8 CCCCACAGCACGTTTCTTG 11
*DRB amp-2, 6TTCCTGTGGCAGCCTAAGAGG26
*DRB amp-B, 247 CCGCTGCACTGTGAAGCTCT 266
**DRB amp-Ba, 247 CCGCTGCAGETGAAGCTCT 266
*DRB amp-Bb, 247 TGCTGCACTGTGAAGCTCT 266
*DRB amp-1, 6 TTCTTGTGGCAGCTTAAGTT 25
*DRB amp-4, 4GTTTCTTGGAGCAGGTTAAAC24
*DRB5704, 152GCCTGCTGCGGAGCACTG169
*DRB7007, 184ACATCCTGGAAGACGAGC201
*DRB1008, 12GAGGAGGTTAAGTTTGAG29
**pri0a, 195CGGAGGCGCGCCGCGGTG212
**pr10b, 195CGGAGGCGGGCCGCGGTG212
**pri10c, 234TACGGGGTTGTGGAGAGC251

**pr10d, 90GAGGAGTACGCGCGCTTC107

computation is performed at NCBI using the BLASH
network service.

The DRB amp-4 5’ primer (from the DR4-group spexcifi

The key components of the methodology for PCR-SSORyjification primers pair, 1IHW)[23] hybridizes to all

gene detection method, which are presented in thg

A-DRB1*04 genes apart from a few HLA-DRBL1 alleles
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that do not belong to subtypes of HLA genes defiae®BE Histocompatibility Workshop for PCR assay are pinése in
alleles, but also to non-SE alleles DRB1*1410 atd57. table Il.

We use DRB amp-1 and DRB amp-4 to probe DRB1*01 andTo exclude the alleles HLA-DRB1*16 we design specif
*04 genes, respectively. Probing of the entire praaf probes prl6éa (5TCCTGGAAGACAGG3) and prl6b
DRB1*10 alleles is performed by probe DRB1008 {11 (5 TCCTGGAGGACAGG3'). The cases that are initially
IHW)[23]. To avoid contamination of our results kit amplified by primer pair DRB amp-2/DRB amp-B and do
DRB1*14 genes due to probe DRB amp-4, we use aaditi not hybridize with prl6a and prl6b correspond toAHL
probes DRB5407 and DRB7007 {1IHW)[23], that among DRB*15 gene alleles apart from DRB1*1517N, 1521.

other genes hybridize to DRB1*1410 and *1457

respectively and we exclude their co-hybridizatiases with

" C. PCR-SSOP for high resolution genotyping of HLA-
DRB1*10

DRB amp-4. Probes DRB5407 and DRB7007 additionally

hybridize to other non-target genes.

TABLE Il
CONDITIONS ~ RECOMMENDED  BY  THE 1ITH  INTERNATIONAL
HISTOCOMPATIBILITY WORKSHOP [23] FOR PCR AMPLIFICATION OF THE
MHC CLAss Il GENE TARGETS FOR PRIMER PAIRBRB AMP-A /DRB AvP-B
AND DRB AMP-2/DRB AMP-B (PRIMERS BASED ON PUBLISHED DATASEE
TEXT)

Primer pair Denaturation Annealing Extension MgCl
concentr.
DRB amp-A  96°C-30sec 5%C-1min  72C-1min  2.0mM
DRB amp-B
DRB amp-2  96°C-30sec 6bC-1min  72C-1min  1.5mM
DRB amp-B
TABLE Il

HYBRIDIZATION PATTERNS OF DRB PROBES(11™ IHW) THAT LEAD TO
DRB1*01/*04/*10 BROAD GENOTYPING DRB ALLELES FROM[21, 22]. THE
SYMBOL (+) REFERS TO THE HYBRIDIZATION OF THE PROBE TO THE AELE.
IMGT/HLA PROBE SEARCHRESULTS DATABASE VERSION 2.28

Considering the alleles that initially hybridize to
DRB1008, we designed 4 probes (prl0a, prl0Ob, pett
prl0d) that allow high resolution genotyping hylidg
respectively with DRB1*100102, *100103, *1002 and
*1003. Thus, DRB1*100101 hybridizes only with
DRB1008 and each DRB1*10 allele co-hybridizes with
DRB1008 and one more probe. Probes prlOb, prl0c and
prl0d, also hybridize with non-DRB1*10 genes, bu w
exclude these cases (table V). Appropriate probsigmh
under the same basic principles, allows high regwiu
genotyping for almost all allele subtypes in ea&h FLA-
DRB1gene (data not shown).

TABLE IV
HYBRIDIZATION PATTERNS OF DRB PROBES THAT LEAD TO HIGH
RESOLUTION GENOTYPING OFDRB1*10 GENE ALLELES FROM [21, 22].
ProBE DRB1008 FROM 11™ IHW. THE SYMBOL (+) REFERS TO THE
HYBRIDIZATION OF THE PROBE TO THE ALLELEIMGT/HLA PROBE SEARCH
RESULTS DATABASE VERSION 2.28

DRB allele DRB DRB DRB DRB DRB DRB allele DRB Prl0a  PrlOb Pri0c Pr10d
amp-1 amp-4 5704 7007 1008 1008

DRB1*01 + DRB1*100101 +

(group @) DRB1*100102 + +

DRB1*0114 + + DRB1*100103 + +

DRB1*0103 + + DRB1*1002 + +

DRB1*04 + DRB1*1003 + +

(group a) Group 3 +

DRB1*1410 + + Group 2 +

DRB1*0462, + + Group 2 +

*0469 Group z: DRB non-SE alleles that hybridize to pr10b.

Group h + Group z: DRB non-SE alleles that hybridize to pr10c.

DRB1*1457 + + Group z: DRB non-SE alleles that hybridize to pr10d.

DRB1*0402, + + . i

*0414 D. PCR SSOP assay basic steps for detection of SNP

Group b + (associated with RA or MS)

DRB1*10 +

Group a: all DRB1*01 alleles apart from *010202, 0107, @12

Group a: all DRB1*04 alleles apart from *040303, 0419-04R325, 0427,
0432, 0435, 0444, 0449, 0452, 0464, 0466, 0485.

Group h: DRB non-SE alleles that hybridize to DRB5704 &fxam those
presented in the table.

Group b: DRB non-SE alleles that hybridize to DRB7007 &fiam those
presented in the table.

B. PCR-SSOP assay for DRB1*15
Group specific primer pair DRB amp-2 (5’ primer)dan
DRB amp-B (3’ primer) (1% IHW), amplifies HLA-

DRB1*15 and HLA-DRB1*16 genes, with the exceptioihn o
alleles DRB1*150203, *150205, *1506, *1528, *160102

*160202, *1604, *160501, *1607 and *1612. The saues
of the group specific primer pair are presentethbie | and
conditions recommended by the 11th

Internation

In order to design primers which amplify a SNP agged
with - RA or MS, we obtain from SNP database
http://www.ncbi.nim.nih.gov/SNIP28] the most recent
version of DNA sequence containing the associatéid &nd
afterwards we use the Primer-blast software[26hitef as a
region of interest approximately 130bp DNA sequence
flanking SNP. After several tests we obtain theneri pair.
Finally, we design the probe defining approximatel®1 bp
DNA sequence including SNP in the middle of theussge.
Using the Blast software[26,27], we check the hjizetion
of the probe towards the delineated region of égerto
ensure that there is a unique hybridization sitesgecting
the requirement of the miniaturized dimensionshef LOC,

%Llultiplex PCR reactions will be designed in ordeektend

e miniaturized LOC capabilities.
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It is expected that the methodology presentedigdiudy
allows broad genotyping of HLA-DRB1 genes that umld
SE alleles, and high resolution SE alleles’ geniotyas well

CONCLUSIONS

(12]

(13]

as genotyping of SNP associated with RA and MS d¢exnp (14]

disorders. Considering the
molecular-based LOC diagnostic devices - due todlsive
small number of PCR and probes that they can hest,
intend to adopt the approach of broad genotypinglloA-

DRB1 genes using generic primers and probes insbéad

group specific primers, or high resolution genatgpi
McClure and co-workers (2009) have shown that endase
of broad HLA genotyping instead of full sub-typirtge
analysis of carriage of any DR*01, DR*04 or DR*1lleke
denoted an individual as SE positive. The resulés veery

limitations of autonomou

[15]

[16]

[17]

similar to the others derived from analysis with SE

subtypes[6]. The use of sequences based on thatlite
(11" International Histocompatibility Workshop, IHW)a$
the advantage of proven successful implementation
genotyping, while others were designed for thiddgtand
have to be tested in the laboratory. The desighisfwork is
flexible and can be updated and extended to inclades
loci associated with RA and MS.
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