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Abstract
In the present study, we investigated the relationship between the KIR loci and the genes encoding
their HLA ligands and genetic susceptibility to Crohn’s disease (CD). Analyses of the interactions
between KIR3DL1, KIR2DL1, KIR2DL2 and KIR2DL3 with their respective HLA ligands indicate
that there is a protective effect for KIR2DL2 in the absence of its HLA ligand C1. Given that
KIR2DL2 and KIR2DL3 segregate as alleles, we compared their genotypic distributions to
expectations under Hardy-Weinberg Equilibrium (HWE) with regard to the HLA ligand C1 status.
While all the genotypic distributions conform to expectations under HWE in controls, in C2 ligand
homozygous cases there is significant deviation from HWE, with a reduction of KIR2DL2, KIR2DL3
heterozygotes. KIR2DL2, KIR2DL3 heterozygosity is the only genotypic combination that confers
protection from CD. In addition to the protective effect (OR = 0.44, CI = 0.22–0.87; p = 0.018)
observed in C2 ligand homozygotes, the KIR2DL2, KIR2DL3 genotype is predisposing (OR = 1.34,
CI = 1.03–4.53; p = 0.031) in the presence of C1 ligand. A test for trend of HLA class I C ligand
group genotypes with KIR2DL2, KIR2DL3 heterozygosity in cases and controls indicates that C1,
C2 ligand group heterozygotes have an intermediate effect on predisposition. These results show for
the first time that disease susceptibility may be related to heterozygosity at a specific KIR locus, and
that HLA ligand genotype influences the relative effect of the KIR genotype.
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INTRODUCTION
The inflammatory bowel diseases (IBD) predominately consist of two idiopathic clinical
entities, Crohn’s disease (CD) and ulcerative colitis (UC). The majority of patients with IBD
characteristically exhibit relapsing, chronic, intestinal inflammation although there can be great
variability in disease sub-phenotype (reviewed in (Targan 2003; Targen SR 2003; Taylor
2007). Patients with UC or CD can usually be distinguished by clinical and histopathologic
characteristics. Patients with CD characteristically present with diarrhea and abdominal pain,
and inflammation may occur anywhere in the GI tract, with the commonest sites affected being
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the ileum and colon. Chronic inflammation of the colonic and rectal mucosa with relapses and
remissions of rectal bleeding characterize UC.

Association studies carried out by our lab and many others over the last several years have
identified a number of susceptibility genes for IBD, and have shown that the innate immune
system and the regulation of the Th1/Th2 balance are important in IBD pathophysiology. While
several specific microbes have been suggested to play a role in CD pathogenesis, including
measles virus and Mycobacteria paratuberculosis, the current consensus is that these
conditions occur through an inappropriate immune response to the host’s commensal flora.
Both our group and others have reported associations between IBD subgroups and the serum
expression of antibodies to various microbial antigens including anti-Saccharomyces
cerevisiae (ASCA, oligomannan)(Sandborn et al. 2001; Vermeire and Wild 2001), anti-
Escherichia coli outer membrane porin C (Landers et al. 2002), anti-CD-related bacterial
sequence from Pseudomonas fluorescens (Wei et al. 2002), and anti-flagellin (CBir1)(Lodes
et al. 2004). We have observed that expression of serum antibodies to more than one of these
antigens is associated with a more aggressive CD phenotype or sub-type (Mow et al. 2004),
and that expression of the ASCA antibody, anti-ompC and anti-CIBR antibodies are familial
(Mei 2006; Sutton et al. 2000; Takedatsu 2009) and are linked and associated with regions of
the human genome (McGovern et al. 2009). These observations are consistent with the
hypothesis that genetic variants generate defects in both the innate and in the adaptive immune
system, leading to an imbalance between the regulatory cell and T-cell population, resulting
in loss of tolerance to microbial antigens, expression of antibodies to these antigens, and more
severe disease (Devlin 2007). Intestinal immunity relies on the balance between effector cells
and regulatory cells and thus between responsiveness and tolerance. Interactions between the
intestinal microflora, altered innate immune function and dysregulation of Th1 balance result
in an imbalance in regulatory T and B cells that lead to an enhanced Th1 response characteristic
of aggressive CD.

The importance of NK cells in early defense against infection suggests that KIR diversity has
evolved as a consequence of repeated selection by pathogens acting on human NK response
(Trowsdale 2001; Trowsdale and Parham 2004; Vilches and Parham 2002). Evidence suggests
the KIR genes also evolved rapidly through recombination, in response to pathogen-driven
selection (Canavez et al. 2001; Guethlein et al. 2002; Khakoo et al. 2000; Mager et al. 2001;
Moretta et al. 2002; Rajalingam et al. 2001; Shilling et al. 1998; Trowsdale 2001; Trowsdale
et al. 2001; Vilches and Parham 2002). Others have suggested that KIR are co-evolving with
HLA, in which changes in HLA class I frequencies due to morbidity from infectious disease
effects the evolution, via maintenance or expansion, of KIR repertoires to interact
advantageously with HLA class I molecules (Khakoo et al. 2000). Other reports indicate that
this diversity may also play a role in autoimmune disease and specifically IBD, with reported
associations of KIR with several different autoimmune disorders, including ulcerative colitis
(Jones et al. 2006), psoriatic arthritis (Nelson et al. 2004), scleroderma (Momot et al. 2004),
sarcoidosis (Mizuki et al. 2000) and type I diabetes (van der Slik et al. 2003). In the majority
of autoimmune disorders analyzed, an increase in the frequency of the stimulatory locus
KIR2DS2 and/or an overall increase in the frequency of activating KIR, or an imbalance of
KIR and their HLA class I ligands was observed in patients. Furthermore recent data have also
suggested that a number of immune mediated conditions ‘share’ other susceptibility loci such
as the IL23R (Burton et al. 2007; Cargill et al. 2007; Duerr et al. 2006). The KIR complex is
located under a peak of linkage for CD (van Heel et al. 2003), and IBD has previously been
associated with genetic variation at the HLA (Taylor 2007; Trachtenberg et al. 2000), and
recent work has suggested an association of Crohn’s disease with KIR in combination with the
HLA ligand (Zhang et al. 2008). In the present study, we investigated the relationship between
the KIR loci and their HLA ligands with protection from or susceptibility to Crohn’s disease.
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METHODS
Subjects

The study cohort consists of 1306 adult Caucasian CD patients, consisting of equal numbers
of men and women. Of these, 512 are of self-reported Ashkenazi Jewish origin, while the
remaining 794 reported as non-Jewish. The control population consists of 299 adult Caucasian
individuals from the same geographic area as the disease cohort, of whom 96 are Ashkenazi
Jewish and 203 non-Jewish origin, and also consisting of equal numbers of women and men.
All individuals in the control population have no personal or family history of autoimmune
disease.

KIR genotyping
To genotype the KIR loci in this CD cohort, we utilized our high throughput single nucleotide
polymorphism (SNP)-based KIR genotyping assay developed using the SEQUENOM™ (San
Diego, CA) MALDI-TOF mass spectrometer platform (Houtchens et al. 2007), which we have
modified to improve efficiency and accuracy, including all known alleles at the time. The assay
types for the presence or absence of 16 KIR loci and common alleles, including KIR2DL1*004,
KIR2DS4*003/004/006/007 (form with truncated protein products which are not expressed on
the cell surface (Middleton et al. 2007) and KIR2DS4*001 (expressed and capable of being
membrane-bound). Briefly, 38 capture primer pairs (Table 1) are used to capture the region
surrounding the SNPs to be queried, and 39 homogenous mass extend (HME) primers are used
to differentiate individual SNP patterns for the 16 KIR genes on the MALDI-TOF platform.
These assays were run using the KIR sequence alignment in the Immuno Polymorphism
Database (IPD; http://www.ebi.ac.uk/ipd/kir) using version 12.19.06. Quality control measures
included: 1) 4 negative and 4 positive (previously characterized and incorporating various
combinations of all loci) controls per microchip; 2) 11% of samples (N=188) were blinded and
typed in duplicate, yielding discrepancy rates of <0.02% discrepancy between typings.

HLA C1, C2 ligand groups and HLA Bw4 ligand group assays
Assays were developed using SEQUENOM™ AssayDesigner software for homogeneous
MassEXTEND (hME) reactions and the primer extension products were analyzed on the
MALDI-TOF mass spectrometer using SEQUENOM’S TyperAnalyzer v3.3.

The HLA-C alleles are classified as C1 or C2 KIR ligand groups, depending upon two amino
acid (aa) positions encoded in exon 2. The C1 ligand group contains serine (AGC) at aa77 and
asparagine (AAC) at aa80, while the C2 ligand group encodes asparagine (AAC) and lysine
(AAA) at those positions. HLA-B alleles fall into two broad groups, Bw4 or Bw6, depending
upon the presence of either glycine or arginine at aa83, respectively; only Bw4 is a KIR ligand
for KIR3DL receptors. Amplicons containing exon 2 of HLA-C or HLA-B genes were
produced using PCR primers designed in regions previously used for locus-specific
amplification of HLA class I genes (Cereb et al. 1995).

Using SEQUENOM’S AssayDesigner v3.0.1, extend primers were designed to extend through
the polymorphic positions encoding aa77 (AGC or AAC) and aa80 (AAC or AAA) on the
HLA-C gene amplicon and aa83 (GGC or CGC) on the HLA-B gene amplicon (Table 2). The
extend primers for HLA-C aa77 and 80 were multiplexed to run in one well. PCR reactions
contained 2ng of DNA in a total volume of 5 µl in a 384-well format. Amplification conditions
were modified from the original Sequenom protocols. All reactions contained 1.26X
HotStarTaq buffer (Qiagen), 500µM dNTPs (BioLine), 600nM forward and reverse primers,
1.6mM MgCl2, 10% glycerol (HLA-C amplifications) or 15% glycerol (HLA-B
amplifications) and 0.15 units HotStarTaq (Qiagen). Samples were cycled as follows: 1 cycle
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at 95°C for 15min; 45 cycles at 95°C for 20sec, 72°C for 1min; 1 cycle at 72°C for 3min and
a hold at 4 °C.

After a shrimp alkaline phosphatase (SAP) step to neutralize unincorporated dNTPs, both
extend primers for the HLA-C positions 77 and 80 were added to the PCR reactions, along
with SEQUENOM’S CGT(ddC, ddG, ddT and dA) termination mix and enzyme. The
extension primer hlaB83forw and the AGT termination mix (ddA, ddG, ddT, and dC) were
added to the HLA–B amplicon wells. Thermocycling of the reactions resulted in the addition
of nucleotides through the SNP site. After desalting, the products were spotted onto
SpectroCHIPs; spectra were acquired using the SEQUENOM™ MassARRAY Compact and
analyzed. The readout for for individuals homozygous for the C1 ligand is G (homozygous
GG) at aa77 and C (homozygous CC) at aa80; the readout for individuals homozygous for the
C2 ligand is A (homozygous AA) at aa77 and A (homozygous AA) at aa80. Individuals
heterozygous for C1 and C2 will show GA at aa77 and CA at aa80. The readout for the HLA
Bw4 and Bw6 assay is C (homozygous CC) for individuals that carry only Bw4 alleles, G
(homozygous GG) for individuals with only Bw6 alleles, and CG for those individuals that
carry both an Bw4 and a Bw6 allele (Table 3).

Statistical analysis
Association analyses and test for fit to Hardy-Weinberg Equilibrium (HWE) proportions were
performed using contingency table testing and a standard Chi-square measure. All p- values
are uncorrected. Logistic regression was performed in R using the logit function in the VGAM
package (Team 2008). A test for trend was accomplished using the Cochran-Armitage method
(Agresti 2002). All association testing assumed an additive model.

RESULTS
Frequency distributions for the KIR loci and HLA ligands were tested for heterogeneity
between Ashkenazi Jewish and non-Jewish populations; no significant heterogeneity was
observed, allowing us to analyze the case and control populations as a whole, thereby
maximizing statistical power for this study. The frequency distribution of the sixteen KIR loci
typed in patients and controls is shown in Figure 1 No significant differences between patient
and control samples are observed. Likewise, there are no significant differences between
patients and controls in the frequencies of the HLA C1 and C2 ligand genotypes (Figure 2) or
for the Bw4 ligand (data not shown), although a slight trend is observed toward a higher
frequency of HLA C1 ligand homozygosity in patients and a decrease in C2 ligand
homozygosity

Analysis of the interactions between inhibitory KIR loci and their HLA class I ligands
(KIR2DL1 and its ligand C2; KIR2DL2 with C1; KIR2DL3 with C1; KIR3DL1 with Bw4)
indicated a protective effect (p <0.05) for KIR2DL2 in the absence of its ligand C1. No other
receptor-ligand pair is significantly associated with disease. The frequency distribution for the
possible receptor-ligand combinations between KIR2DL2 and C1 is given in Table 4. While
the overall frequency of the associated KIR-HLA genotype combination is relatively low, the
magnitude of the deviation from the expected value for the control population (n = 22) is nearly
50%, with an enrichment of KIR2DL2 in the presence of C2 homozygosity. No significant
differences are observed for the combined receptor-ligand genotypes between the Jewish and
non-Jewish populations.

Given that KIR2DL2 and KIR2DL3 segregate as alleles, analysis of their fit to expected
distributions under Hardy-Weinberg Equilibrium (HWE) with regard to the HLA-C ligand was
investigated (Table 5). Testing of fit to expectations under HWE can often reveal evidence of
disease associations. Given that we had previously identified, upon conditioning on the
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presence of its HLA ligand, C1, an association KIR 2DL2, we sought to investigate whether
genotypic distributions for KIR2DL2 and KIR2DL3 conformed to expectations under HWE
when the ligand interaction was taken into account. While all the genotypic distributions
conform to expectations under HWE in controls both with and without the C1 ligand, in cases
without C1 (i.e. C2 homozygous), there is a significant (p =0.002) deviation from HWE, with
a reduction of heterozygotes in this group. Although not statistically significant, a similar trend
is observed when the Jewish and non-Jewish populations are analyzed separately (data not
shown). A potential exists whereby subdividing the population based on the HLA–C data might
create a population substructure resulting in skewed frequency distributions for the KIR, but
this should be evident in the control population. However, deviations from HWE were observed
only within the patient population, suggesting a role in disease predisposition.

Comparing the association of KIR2DL2 and KIR2DL3 homozygotes and heterozygotes in the
presence and absence of HLA ligand (Table 6) confirms that it is only the heterozygote
combination which is important in protection from CD. In addition to the protective effect (OR
= 0.44, CI = 0.22–0.87; p = 0.018) accorded to this genotype in the absence of the HLA-C1
ligand (C2 homozygosity), in the presence of the ligand, the KIR2DL2, KIR2DL3 heterozygote
genotype is predisposing in the presence of C1 ligand (C1 homozygosity or C1, C2
heterozygosity; OR = 1.34, CI = 1.03–4.53; p = 0.031). Given that this analysis is a follow-up
to the finding with regard to deviations from HWE, no correction for multiple tests was applied
to the p- values. This result is confirmed in a logistic regression model in which interaction
terms are included for the KIR genotype as well as the HLA ligand (p < 0.05). Furthermore, a
test for trend of the C ligand genotypes with KIR2DL2, KIR2DL3 heterozygosity indicates an
intermediate effect of C1/C2 heterozygotes, such that C2 has a moderating protective effect
over the C1 susceptibility effect. Accordingly, in the presence of C2 ligand only, the KIR2DL2,
KIR2DL3 heterozygote combination is protective.

DISCUSSION
A substantial body of evidence is accumulating which shows an association of the KIR genes
and their HLA ligands in autoimmune diseases (Carrington and Martin 2006; Khakoo and
Carrington 2006). Notably, the most commonly associated KIR genes cited are the inhibitory
KIR2DL2 and/or the stimulatory KIR2DS2, which are in near complete linkage disequilibrium.
Here we present results which show that susceptibility to CD is mediated in part by KIR2DL2,
KIR2DL3 heterozygosity, and that the direction of the association (i.e. predisposing vs.
protective) is related to HLA–C ligand status. While previous studies have shown a hierarchical
effect of the stimulatory and inhibitory KIR in autoimmune disease (Nelson et al. 2004), these
results show for the first time that disease susceptibility may be related to heterozygosity at a
specific KIR locus, and that HLA ligand genotype determines the relative effect of the KIR
genotype. It is important to note that due to the high level of linkage disequilibrium between
KIR2DL2 and KIR2DS2, it is impossible to distinguish their effects in this analysis. Thus, any
association with KIR2DL2 and/or KIR2DS2 may be attributable to either or both of these
genes. While the B haplotype associated KIR2DL2 segregates as an allele of KIR2DL3 (which
is associated with the A haplotype), KIR2DS2 has no corresponding allelic partner. KIR2DL2/
KIR2DS2 serve as markers for the centromeric portion of the B haplotype. In this study,
individuals with a KIR genotype that includes KIR2DL2/KIR2DS2 have three stimulatory KIR
genes on average (not including KIR2DS4, which is found on both the A and B haplotypes
and may be of a common truncated variant) compared to only one stimulatory KIR gene for
those without these loci. It is conceivable that the observed KIR2DL2/KIR2DS2 association
is merely a feature of a more stimulatory KIR genotype. However, there is no evidence in this
study that the overall number of stimulatory and/or inhibitory KIR is related to disease status.
Analysis on the basis of KIR haplotype status also indicated no significant relationship with
the KIR inhibitory (A/A) haplotype versus the stimulatory (B/x) haplotype (any haplotypic
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combination which has between one and four more stimulatory KIR genes than the A/A
haplotype, as defined in http://www.ebi.ac.uk/ipd/kir) and disease. Another important
consideration is the pattern of LD whereby 90% of individuals who bear KIR2DL3 also possess
KIR2DL1, compared to only two-thirds of those who do not have KIR2DL3. Given that
KIR2DL1 binds HLA ligand C2, it is possible that this very strong inhibitory interaction could
account in part for the protective effect observed for the KIR2DL2, KIR2DL3 heterozygous
combination in C2 homozygotes, as well as the moderation of the predisposing effect observed
in C1, C2 heterozygotes.

A model illustrating these various interactions and their potential impact upon disease
susceptibility is shown in Figure 3. The finding that heterozygosity for the KIR2DL2 and
KIR2DL3 genes may be important in disease may reflect the particularly delicate balance in
immune responsiveness in the CD patient gut. Interaction of the inhibitory KIR with the HLA
ligand functions not only to inhibit NK cell activation, but also serves to prime the particular
NK cell for activation in the absence of self (Kim et al. 2005;Kim et al. 2008). The variegated
expression pattern of the KIR gene products (Young and Uhrberg 2002) may produce
KIR2DL2, KIR2DL3 heterozygous NK cells in individuals whose only inhibitory receptor is
the weakly inhibitory KIR2DL3, resulting in a strong activation potential. The presence of the
activating KIR2DS2 renders the cell potentially more reactive. Alternatively, in the absence
of HLA ligand C1, one might imagine that NK cell activation will be strongly inhibited (except
in the case of down regulation of HLA class I on the target cells), as only the strongly inhibitory
KIR2DL1 bearing cells will be primed for response. A microbial trigger in CD could become
the tipping point between NK cell activation sufficient to keep infection in check versus an
ultimately pathological immune response resulting in ongoing inflammation in the gut. Too
little NK cell activation therefore, and one risks viral pathology, while too much activation
may trigger an augmented inflammatory response and disease. The KIR2DL2/KIR3DL3
heterozygote combination in association with C2 ligand may therefore be the intermediate
“sweetspot” of NK activation potential with regard to CD. These potential scenarios for the
action of NK cells in CD are likely to occur in the context of other risk factors, both
environmental and genetic. Nonetheless, these findings demonstrate a complex role for the
KIR genes in CD, and support the general notion that any examination of the impact of the
KIR genes in disease must consider the possibility of multiple receptors and ligands acting in
concert.
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Fig 1.
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Fig 2.
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Fig 3.
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Table 1

Primer sequences for KIR analysis using MALDI-TOF.

Assay Name Forward Capture Primer Reverse Capture Primer hME Primer

2DL1.2DS1.D1.S.tri ACGTTGGATGAAGGCCAACTTCTCCATCA ACGTTGGATGGTGAGTAACAGAACCGTAGC GGTCCCTGCCAGGTCTTGC

2DL1.D1.Gb ACGTTGGATGACTTCTCCATCAGTCGCATGAC ACGTTGGATGATGATCACGATGTCCAGAGG GTCACTGGGAGCTGACA

2DL1.D2.G.no004 ACGTTGGATGCAGGGCCCAAGGTCAACG ACGTTGGATGGACTTTGACCACTCGTAT ATGCTTCGGCTCTTTCC

2DL1.no005.2DL2.004.TC.S ACGTTGGATGGTAATGGACCAAGAGTCTGC ACGTTGGATGCGGGCCGAGGAGTACCTACCT CGCTATTCGCTGTTCTGTT

2DL2.001.2.3.D1.G ACGTTGGATGCCTGCAATGTTGGTCAGATG ACGTTGGATGGGAGCTGACAACTGATAGGG CATGATGGGGTCTCCAA

2DL2.004.TC.G ACGTTGGATGGTAATGGACCAAGAGTCTGC ACGTTGGATGGGCCGAGGAGTACCTACCT GAAACAGAACAGCGAATA

2DL2.D2.S ACGTTGGATGGAGCTCCTATGACATGTACC ACGTTGGATGGCCTGGAATGTTCCGTTGACCTTG CCCTGCAGAGAACCTAC

2DL3.2DL2.D1.S ACGTTGGATGGAGTCCACAGAAAACCTTCCCTCC ACGTTGGATGAGTGTCCTTAAACTTCCCTTCTC CTTCTGATTTCACCAGG

2DL3.TC.S.INT ACGTTGGATGGTAACCCCAGACACCTGCATG ACGTTGGATGCTGCTTCGTGAGACTTACTT TCTCCTTCATCGCTGGTGCT

2DL4.DO.G ACGTTGGATGCCCTGAGCTCTACAACAGAA ACGTTGGATGTGCCGACCACTCAGTGGG TGGAACAGTTTCCTCAT

2DL4.TC.G ACGTTGGATGAGGTGACATACGCACAGTTG ACGTTGGATGATCTGTTGAGGGTCTCTTGC CACAGTTGGATCACTGC

2DL5.D2.G ACGTTGGATGGACTTTCCTCTGGGCCCTG ACGTTGGATGTGACAGAAACAAGCAGTGGG CCACGGAGGGACCTACA

2DL5.TC.G ACGTTGGATGCAAGACCCTCAGGAGGTGAC ACGTTGGATGCTTGGGCCTCTGAGAAGGG CACTGCGTTTTCACACAGA

2DL5sub1 ACGTTGGATGAGGACAAGCCCTTGCTGTCT ACGTTGGATGCAAGACGAGAGCGACACA GTCCTCCTCGAGGCACCACAG

2DL5sub2 ACGTTGGATGCCCTGAGCTCTACAACAA ACGTTGGATGGACATGAGTCCTCTGACCTG CGCTCCCCCATTGAGTGGTC

2DL5sub3 ACGTTGGATGCCCTGAGCTCTACAACAA ACGTTGGATGGACATGAGTCCTCTGACCTG GCAACCCCCTGGTGATC

2DL5sub4 ACGTTGGATGCCACGGAGGGACCTACAC ACGTTGGATGGTGACAGAAACAAGCAGTGG GTGAGTCATGGAGAGAGC

2DL5sub5 ACGTTGGATGGATCTTGGCTTAGCATTTGG ACGTTGGATGCTGCGTTTTCACACAGAC CTTCTCAGAGGCCCAAG

2DL5sub6 ACGTTGGATGTAAGGTGGCGCCTCCTTCTC ACGTTGGATGCAAGACGAGAGCGACACA AGCAAGGGCTTGTCCTG

2DP1.D0.G ACGTTGGATGGGGTTTAACAACTTCAGTCTGT ACGTTGGATGTGTGCTGGGGTCACAGGGCC ATTCTGTTGTAGAGCTCAG

2DS1.D2.G ACGTTGGATGATTCCAGGCCAACTTTCCTC ACGTTGGATGATGGAGAGTCACGGAAAGAG CATCTGTAGGTCCCTCC

2DS2.D1.G ACGTTGGATGCCTGCAATGTTGGTCAGATG ACGTTGGATGAGAAGTTGGCCTTGGAGACC GCACAGAGAGGGGAAGT

2DS2.D2.G ACGTTGGATGGTCTATATGAGAAACCTTC ACGTTGGATGGGACAAGGTCACGCTCTCTC CACGCTCTCTCCTGCCA

2DS3.D1.G ACGTTGGATGAAGGCCAACTTCTCCATCGG ACGTTGGATGCTGTGATCACGATGTCCAG CACTCCCCCTATCAGTT

2DS3.D2.S ACGTTGGATGAGGTCAACGGAACATTCCAGGCCG ACGTTGGATGAAGAGCCGAAGCATCTGTAG CATCTGTAGGTTCCTCC

2DS4.D1.G ACGTTGGATGAGAGACAGTCATCCTGCAATG ACGTTGGATGATGGAGAAGTTGGCCTTGGA GAAGTGCTCAAACATGACATC

2DS4.D2.S ACGTTGGATGGCATCAACGGAACATTCCAGGCC ACGTTGGATGGAGCTCTGTGACGGAAACAA TCGGCTCTTTCCGTGAC

2DS4del.sub ACGTTGGATGCGGTTCAGGCAGGAGAGAAT ACGTTGGATGTTGACCACTCGTAGGGAGC CCTTGTCCTGCAGCTCC

2DS5.D1.G ACGTTGGATGACACTTTGCGCCTCATTGGAG ACGTTGGATGGTGAGTAACAGAACCGTAG GACCGATGGAGAAGTTG

2DS5.D2.G ACGTTGGATGAGGCCCATGAACGTAGGCTCC ACGTTGGATGAAGAGCCGAAGCATCTGTAG CTCCGTGGGTGGCAGGG

3DL1.TC.S ACGTTGGATGCACTGCGTTTTCACACAGAG ACGTTGGATGATGGGCAGGAGACAACTTTG AGGCCCAAGACACCCCC

3DL2.D1.G ACGTTGGATGAAGGCCAACTTCTCCATCGG ACGTTGGATGTGGGAGCTGACAACTGATAG GTGAGGAACAGAACCATA

3DL2.TC.G ACGTTGGATGGATGAACAAGACCCTCAGGAGGTG ACGTTGGATGTACACGCTGGTATCTGTT GCCTCTGAGAAGGGCGA

3DL3.D1.G ACGTTGGATGGATCACTGAGGACCCCTTGC ACGTTGGATGTCATGGGACCCATGGAATAG AATAGTTGACCTGGGAACCC

3DL3.D2.G ACGTTGGATGAGAATGTGACCTTGTCCTGC ACGTTGGATGCAGTGAGCCTAAGTTCACCG GGATAGATGGTAAATGTCAAA

3DP1.D2.G2 ACGTTGGATGTGGGAAACCTTCTCTCTCAGCC ACGTTGGATGGAGCTGCAGGACAAGGTCAC CTCTCTCAGCCCAGCCG

3DS1.3DL1.D1.S ACGTTGGATGCAAGGCCAATTTCTCCATCG ACGTTGGATGGGGAGCTGACAACTGATAGG CTGTAGGTCCCTGCAAGGGCA
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Assay Name Forward Capture Primer Reverse Capture Primer hME Primer

3DS1.DO.S ACGTTGGATGTGTGTAGTTCCCTGCATGTG ACGTTGGATGTCATGCTATACAAAGAAGAC AGGGCTCATGTTGAAGC

3DS1.TC.S.INT ACGTTGGATGAACTGCTATGATTAGCTTC ACGTTGGATGGATGAAGGAGAAAGAAGAGGAGGA GAATGTGCAGGTGTCTG
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Table 2

Primer sequences for HLA-B (Bw4 ligand, Bw6) and HLA-C (C1, C2) ligand group analysis using MALDI-
TOF.

Primer Sequence Region

HLACP1 ACG TTG GAT GGG AGG GAA DCG GCC
TCT GSG GA

PCR HLA-C upstream primer

HLACP2 ACG TTG GAT GGC CCC RGG CCG GGG
TCA CTC AC

PCR HLA-C, HLA-B downstream primer

HLAPBforw ACG TTG GAT GGG GAG GAG MGA GGG
GAC CGC AG

PCR HLA-B upstream primer

hlaC80 GGT TGT AGT AGC CGC GCA G Extension primer HLA-C aa80

hlaC77 ACA GGC TGA CCG AGT GA Extension primer HLA-C aa77

hlaB83hME GCT CTG GTT GTA GTA GC Extension primer HLA-B aa83

Notes: The first 10 bp of the PCR primers are primer tags (ACGTTGGATG), specified by the SEQUENOM™ AssayDesigner. D = A, G, or T; S =
G or C; R =A or G; M = A or C
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