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A Newly Characterized HLA D Q  Allele Associated 
with Pemphigus Vulgaris 

The inheritance of particular alleles of major histocompatibility complex class I1 genes 
increases the risk for various human autoimmune diseases; however, only a small 
percentage of individuals having an allele associated with susceptibility develop disease. 
The identification of allelic variants more precisely correlated with disease susceptibil- 
ity would greatly facilitate clinical screening and diagnosis. Oligonucleotide-primed 
gene amplification in vitro was used to determine the nucleotide sequence of  a class I1 
variant found almost exclusively in patients with the autoimmune skin disease 
pemphigus vulgaris. In addition to clinical implications, the disease-restricted distribu- 
tion of this variant should provide insight into the molecular mechanisms underlying 
associations between diseases and HLA-class I1 genes. 

T HERE IS A STRIKING GENETIC ASSO- 

ciation between susceptibility to hu- 
man autoimmune disease and partic- 

ular alleles of the major histocompa;ibility 
complex (HLA) class I1 (D) region (1 ) . This 
mul&ene complex on chrom>some 6 en- 
codesvthe a andp polypeptides of the highly 
polymorphic DP, DQ, and DR hetero- 
dimers that regulate immune responsiveness 
(2). Given the significant effects of class I1 
protein sequence variation on the specificity 

of the immune response in mice (3) ,  there 
have been intensive efforts to identify auto- 
immune disease-uniaue or restricted class I1 
allelic variants by serologic, cellular, and 
restriction fragment length polymorphism 
(RFLP) typing methods (4). Two DQ 
W L P  variants that very clearly distinguish 
between patients with the autoimmune skin 
disease pemphigus vulgaris (PV) and class 
11-matched healthy controls were recently 
identified (5). We now report the first do- 

main nucleotide sequence of both of these 
RFLP variants. One of these sequences rep- 
resents a previously unidentified DQB allele 
present in 13 of 13 DRw6,DQwl Israeli 
PV patients but in only 1 of 13 DR- and 
DQ-matched Israeli controls. 

Pemphigus wlgaris, a severe autoimmune 
disease of the skin characterized by intraepi- 
dermal blistering, is mediated by autoanti- 
bodies to an epidermal cell-surface protein 
(6). The disease is relatively frequent among 
Jews (7); it is strongly associated with the 
DR4 serologic specificity among Ashkenazi 
Jews and with the DR4 and DRw6 serolog- 
ic specificities in non-Ashkenazi Jews (5). 
However, the association of PV, by RFLP 
analysis, with DQ rather than DQ, or DR, 
(5)  indicates that DQ, may be the suscepti- 
bility locus. The previously reported D R  
associations might then reflect the known 
strong linkage disequilibrium between the 
DR and D Q  loci. There are four serological- 
Iy identified D Q  alleles: DQwl, DQw2, 
DQw3, and DQWa (or DQwBLANK) (8). 
DR4 haplotypes are nearly always associated 
with DQw3, whereas most DRw6 haplo- 
types have the DQwl specificity (9). The 
DQwl serologic determinant is also found 
in D R l  and DR2 haplotypes, but DR1-, 
D m - ,  and DRw6-associated DQwl mole- 
cules have been differentiated at the protein 
and RILP levels (1 0). Furthermore, there is 
D Q  heterogeneity within the DRw6 haplo- 
type (11) (Table 1). 

When Bam HI-digested genomic DNA 
from several DQwl' PV patients and con- 
trols was examined by Southern blot and 
hybridized with a DQ complementary 
DNA (cDNA) probe, the PV-associated 
2.5-kb fragment (5) was found in three of 
three DRw6,DQwl PV patients (Fig. 1, 
lanes 4, 6, and lo) ,  three of three 
DR1 ,DQwl homozygous typing cells 
(HTC) (lanes 1 to 3), one of three 
DR2,DQwl HTC (lanes 11 to 13), and 
none of three DRw6,DQwl HTC (lanes 7 
to 9). The presence of this fragment in the 
DR1,DQwl HTC and in the AZH HTC, 
an example of the non-Dw2, non-Dw12 
DR2 subtype (lane l l ) ,  likely reflects the 
near identity of these DQ alleles at the 
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nudeotide 1 4  (12). This raised the pi- 
bility that the apparent dixase spedcity of 
the Barn HI 2.5-kb RFLP represented an 
increase in the frequency of a previously 
sequenced DQwle allele in DRw6,DQwl 
PV patients relative to DRw6,DQwl- 

2.5 kb- - 

I 

Fig. 1. DQ, RFLP pamm of Barn H I - d i p d  
DNA from PV patients and DQwl+ HTC. The 
diseasc-associated 2.5-kb band is indicated. 
(Lanes 1 to 3) D R l P Q w l  HTC: MVL, BVR, 
and IBW4; (lams 4 to 6) PV paticats: DR4,- 
DQw3/DRw6PQwl, DR4PQw3IDR5PQw3, 
and DRSPQw3/DRnd,DQwl; (lanes 7 to 9) 
DRw6,DQwl HTC: WVD, APD, and Wr46, 
(lane 10) PV paticnt: DR4PQw31DRw6, 
DQwl; and (lanes 11 to 13) DR2PQwl  HTC: 
AZH (wn--2, m>n-DwlZ), PGF (Dw2), and 
BGE (Dw12). G d c  DNA was na;lcted fiom 
lyrnphoblastoid cell lims, dqpted (10 pg) with 
Bam HI, Pansfirrad to nylon membrane (Amcr- 
sham) by Southern t-quc, and probed with a 
DQ, fragmcm (32P-labckd by hexamer priming) 
as dcsmbed (26). 

matched controIs. Therefore, it was neces- 
sary to determine the nudeotidc sequence of 
the DQB aUek fiom a DRw6,DQwl PV 
patient. 
Because most d t h e  miability among dass 

I I a l l d e s i s ~ t o t h e f i r s t d u l a r  
domain (13), we wd a rapid in vitro DNA 
amplifi& technkpe (14) to pxuduce large 
quantities of a 3604xae pair !imdomain 

which was then gel-purified and 
dirraty cloncd into the M13 sequencing vcc- 
tor. ?hc substr;ltc fbr ampli6cation was 
cDNA synd~!~ized b total RNA (15) of a 
D R ~ , D Q w ~ / D R ~ ~ , D Q w ~  PV Ipphoblas- 
tloid cell line. 'Ibis patient had both the DRw6 
and DR4 DQB RFLPs associated with PV. 
Two diffgem DQp nudcotide sequences 
watobmbed. Onewasidcnticaltoaprevi- 
eed m34 (I6) 

(Fig. 2) and qxesented the DR4assodated 
DQ all&. The second was a new DQ8 akk 
identainpndiaedvninoacidstxpwmeto 
DR1,DQwl.l and DR2PQwlAZH acep 
at codon 57, whae Asp (GAC), rather than 
Val (GTT) or Ser (Am), was prescm (Fig. 
2). Canparison with athcr published DQp 
nudcociBe sequcnocs d e d  that the 
DR2PQIH1.12 saquencn is identical to the 
newlyidcntificdDQBsequencefbraeebese 
pair satch that indudes codon 57 (Fig. 2) 
and thus may have s d  as a donor stxpwme 
togenmtethenewDQBallelefkxnan 
anccsnal l l Q ~ l . 1 ~  allele by a gene conver- 
sim-likc event. Much evidence has accumu- 

lated fbr such a mechanism m the generaticm 
ofd;lssIIaUelicpoiymo+h,andithas 
been proposed that such "cpitope shuHing" 
could generate allelic variants that predispose 
to certain autoimmune diseases (3, 17, 18). 
Subsequent to identifying the DQp variant 
d with PV, we found that the 
DRw6,DQwl non-Israeli H'IC m 5 2  cx- 
prcssesanidaltical!imdomainDQBamino 
acid seqmce (15). By allular typing WE2 
is Dw9, and we have therefk designated the 
PV-awciatd DQB allele as DRw6,DQwl.B. 

To determine the fmpency of the new 
DQgaUdeinPVpatientsandmatchcdIsradi 
healthy controls we designed the PV6p allele- 
specific ohgonudeotide (ASO) probe [So- 
-CGCCGAG3'; nudeotides 
161 to in (boxed) in ~ i .  21, whicfi di&rs 
sdkiendy from all h e r  DQB alleles (except 
DR2PQw1.12; Fig. 2) that it can be washed 
off unda high-- conditions. This 
probe was wd in a dot bloc hybridization 
assay with in vh-ampLified gnomic DNA 
of several DRw6PQwl-positive and 
DRw6,DQwl-mgative PV patients and con- 
mIs. A presentative example is shown in 
Fig. 3 (top). The PV$ AS0 probe spocifical- 
ly hybndized to amplified DNA fium DRw6, 
DQwl PV patients, but not to DRw6, 
DQwl, or DR1,DQwl HTC, or to non- 
DRw6,DQwl PV patients. The presence of 
a variant DQB Sequence in DQwl PV pa- 
tients was confinned by lack of hybridiza- 
tion (Fig. 3, bottom) with the DQwl.lp(54) 

10 20 30 
OR1 0PWl.l AGA GAC TCT CCC GAG GAT TTC GTG TAC CAG TTT M G  GGC CTG TGC TAC TTC ACC AAC GGG ACG GAG QC CTC CCG GGT GTG ACC~AGA CAC ATC TAT M C  CGA GAG GAG TAC GTG 
OR2 OQw1.2 ......-------.---.-.-... -1- ............ I.. .............................. .-1 ~ r .  ......... 1-- -----...-.---.--.-.-- -C. 

40 50 60 70 
OR1 0Pwl.l CGC TTC GAC AGC GAC GTG GGG GTC TAC CGG GCA GTC ACG CCG CAG (~Gc CCG CCT GTT CCC CAG(TAC TGG M C  AGC CAG M G  CAA GTC CTG GAG GCG GCC CGG GCG TCG GTG GAC 
OR2 DQwl.2 ........................... -.c ..G ..................... -A. ....................................... A- -  ....-- GA- 1.- -.- 
OR2 0Qul.12 ........-.-.-.--------.- - - T  -.- ..c ... ..c ............... .AC -...............---..--- . -C A - -  --- .--  A- -  A - -  - - A  .-- GA- 1.- - - -  
OR2 0Qul.AZH .............................. ..G ..................... ACC ......................................................... 
 OR^ 04~1.19 ..-.-............. . -T  ......... ..c ............................................................ A.. A.. ...... GA. 1.. ... 
0 ~ ~ 6  0 ~ ~ 1 . 9  ........................ ..T ... ..G ..................... .kc ......................................................... 
OR4 04~3.2 ...-......-...-.-.----.. - - T  ..- . -C ......... -1. ... -C. ... .CC ... . . - I . . .  .....-..--..----.-.------.- A- -  A.. - .----  GA. 1.. .-- 

80 90 
OR1 Wwl.1 AGG GTG TGC AGA CAC M C  TAC GAG GTG GCG TAC CGC GGG ATC CTG CAG AGG AGA ......... OR2 oQwl.2 -c. ........................... -1- ......-.- 1.- ......... OR2 0Qul.12 -C- ...---...--...-...-.-.---.- .T- 
OR? Wul.AZH - - A  - - -  - - -  - - -  .-- --. .-- - - -  - - -  -.- --. - - -  ..- -.- .-- .-. .-- --. 
 OR^ 0~,,1.19 .c. ........................ - 6 -  ........................ 
OR& DQwl.9 ..A ................................................... 
OR4 oQu3.2 -C. -.- --. .-. .-. --. -.- C- -  1.. -A- CT- - - -  AC- -C-  1.- - - -  C- -  C- .  

Fig. 2. DQB first-domain nucleotide sequence of a DRw6,DQwl PV patient 
(DRw6,DQwl.9) compared to normal DQwl haplotypes. The normal 
DQwl sequences are from the following cell lines: DR1,DQwl.l LGL 
(23); DR2,DQw1.2, PGF (12); DR2,DQw1.12, BGE (12); DR2, 
DQwl.AZH, AZH (12); DRw6,DQwl.l9, Daudi (21). The DQB first- 
domain nucleotide sequence of a DR4,DQw3 PV patient is shown on the 
last line (DR4,DQw3.2) and is identical to the DQB3.2 subtype of DR4 
(16). DR2,DQw1.2 and DRw6,DQwl.lS are identical at the amino acid 
level except at codon 30 (Tyr and His, respectively) (15). The Daudi cell line 
is homozygous for the DRw6 and DQwl serological specificities, but has 
both DQw 1.18 and DQwl. 19 DQB alleles (21). Complementary DNA was 
synthesized (27) from total cellular RNA of a lymphoblastoid cell line 
established from a DR4,DQw3/DRw6,DQwl PV patient and amplified in 
vitro as described (14,15) with DNA polymerase I Klenow fragment (BRL 

or Pharmacia) in two rounds of 15 cycles separated by purification by 
phenol-chloroform extractions. The DQB oligonucleotide primers were 
LPDQP3, 5'-GAGCACCCCAGTGGCTGAGGG-3' [codons -8 to -1 
according to the numbering system of Larhammar et  al. (16)] and 
AMPDQP7, 5'-GmGTGGTGG?TGAGGGCCTC3' (codons 107 to 
113). Extension and annealing reactions were done at 37'C. The amplified 
product was gel-purified using NA-45 paper (Schliecher and Schnell) as 
described (15). One-tenth of the amplified DNA was directly blunt-end 
ligated with T4 ligase (Biolabs) into the M13 sequencing vector [identical to 
M13K8.2 (28) except that an Eco RV site replaces the Sma I site]. 
Transformation into Escherkh cdi JMlOl gave 100 to 200 M13 plaques, 
which were directly sequenced. Seventy to 90 percent of the plaques 
contained class I1 sequences. More than one clone for each sequence was 
isolated and sequenced on both strands. 
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ASO probe [5'-GOC 
GAG-3'; ndeotidcs 161 to 177 (boxed) in 
Fig. 21. The hilure of this ASO probe to 
hybridize with DNA fiom the DRw6,DQwl 
lines WVD and APD was apeaed sina they 
do not have the DQwl.le RFLP pattern 
(Fig. 1) (11). F i ,  the presence of a 
DQwl.1-mlated rather than a DR2, 
-1.12 DQp allele in DRw6,DQwl PV 
patients was confimKd by hybridization with 
the DQw1.lP(23) ASO probe [5'-GCG- 
T-CG3'; nuckddcs 68 
to 84 (boxed) in Fig. 21. 

Results of a more extensive survey of PV 
patients and controls for the presence of the 

Tabk 1. Subtypes of DR2, DR4, and DRw6 
haplotypes. The DR2, DR4, and DRw6 haplo- 
types have been subdivided by cellular typing 
methods. The subtypes arc rdinrd to as Dw 
alleles but in most cascs it is not known which 
locus or loci (DR, DQ, or DP) encode the Dw 
spmfiaties. Not all of the DQwl subtypcs indi- 
cated can be distinguished sccologically. The 
DRw6-1.9 and DR1,DQwl.l DQB alleles 
are identical by RFLP analysis (11). By RFLP 
analysts, the DR2,DQw1.2 and DRw6, 
DQwl.18 DQB allel" arc identical (11).  he 
DQwl.19 DQB allele is also found on some DR2 
haplotypes (11, 21). The Raji HTC has been 
typed serologically as DRw61DR3 and is identical 
at the amino aad level to DR1,DQwl.l at DQB 
(22, 23). However, recently it has been shown 
that Raji has a DQB RFLP pattern found in 
DRwlO individuals (24). 

*Thrrc DQB alleks have been sequenced from DR4 
DQw3.1, DQw3.2, and 

DRw6,DQwl.g DQB allele are summarized 
in Table 2. Dot blot hybridization of ampli- 
fied genornic DNA with the PV6e, 
DQw1.lP(54), and DQwl.le(23) AS0 
probes demonstrated that 13 of 13 
DRw6,DQwl Israeli PV patients (indud- 
ing Ashkenazi and non-Ashkenazi Jews) and 
1 of 13 DRw6,DQwl healthy Israeli con- 
trols had the DRw6,DQwl.9 DQB dele. 
Furthermore, none of 14 DRw6,DQwl- 
negative PV patients, none of 5 DR4, 
DQw3/DRl,DQwl PV patients, and none 
of 5 DR4PQw3/DRl,DQwl healthy con- 
trols had this DQwle variant. These results 
indicate that the PV-associated DQB allele 
is significantly overrepresented in DRw6, 
DQwl PV patients relative to matched 
healthy controls. 

The striking association of the new DQB 
allele with PV has implications for dinical 
saacning a d  diagnosis. Dot blot hybridiza- 
tion with the PV6e AS0 probe may prove 
useful for distinguishing PV tkom other 
pemphigus-like diseases. Furthermore, since 
the onset of PV occurs well into adulthood, 
early scncning for the presence of the PV- 
associated DQg variant may provide an o p  
portunity for prophylactic intervention. 
Saeenhg for the PV-associated Bam HI 
2.5-kb RFLP would not be informative 
since DR1 and DR2(AZH) haplotypes (not 
associated with PV) also have this RFL.P 
but differ tkom DRw6,DQwl.9 at codon 
57. The identity of residue 57 was recently 
shown to be strongly correlated with suscep- 
tibility to insulin-dependent diabetes melli- 
tus in humans and mice (15). Correlation of 
disease susceptibity with residue 57 is now 
fimher extended and may reflect its impor- 
tance in the function of the DQ molecule. 
Clearly, however, the entire DQB molecule 
is relevant for disease susceptibility; 
DR2PQw1.2 and DR2,DQw1.12, which 
are identical to DRw6JlQwl.9 at amino 
acids 39 to 70 and 38 to 65, respectively, 

Tabk 2 Frequency of the DRw6,DQwl.9 DQB allele in W patients and controls. Dot blot 
hybridization was carried out with thc PV6, and DQwl.le(54) AS0 probes as described in thc legend 
to Fig. 3. All samples that hybridized with the PV6, ASO probe also hybridized with thc 
DQw1.1,(23) AS0 probe, confhhg the presence of a DQwl.l-rclated, rather than a DR2, 
DQwl.12-rcktcd allele. The DRw6PQwl group included six DR4,DQw3lDRw6,DQwl patients, 
six DRS,DQw3/DRw6,DQwl patients, and one DRw6,DQwll- patient. All of these patients carried 
the Bam HI 2.5-kb RFLP. Of the 13 DRw6,DQwl healthy controls, the DR4,DQw3/DRw6,DQwl 
healthy control that had the DRw6,DQwl.9 DQB q u m c c  was the only one to cany the Barn HI 2.5- 
kb RFLP. This individual. who is p m d v  young and discasc-k, will be in- to follow 
clinically in later y m .  T ~ C D R ~ , D & ~  g~&~hindu;led only DQwl-n"g"tive patients. six-wex DR4, 
DOw31-. seven werc DR~DOW~/DRS.DOW~. and one was DR4.DOw3IDR9.DOw3. None ofthe 
pa&nts & controls in this g$nGP carried ;he%& HI 2.5-kb RFLP.'All-of the paaeni and controls in 
the DR4,DQw3/DRl,DQwl group carried the Barn HI 2.5-kb RFLP. 

PV patients Controls 
&UP 

W60 DQwl.le(54) PV6, DQWl.lp(54) 

but show multiple differences throughout 
otherareasofthefirstdomain,arenot 
associated with PV. It is also possible that 
other closely h k e d  loci (dass 11 or non- 
HLA) may -conmbute to or be responsible 
h r  disease susceptibility on a haplotype 
marked by the new PV-associated D Q  
dele.  results do not provide a structural 
basis for the PV-associated DR4 DQB 
RFLP variant. This RFLP may d e c t  a 
polymorphism in HLA-DP or in the non- 
coding regions that regulate the cell-surface 
expression of dass II. 

The mechanism by which particular DR 
or DQ alleles increase susceptibility to cer- 
tain autoimmune diseases is unknown, but is 
perhaps related to the function of these 
molecules in normal immune response 

DQwl .I &54) 

7 8 9 10 11 12 

Fig. 3. Dot blot hybridization of amplitied gem- 
rnic DNA from PV patients and controls with 
PV6, and DQwl.le(54) AS0 probes. (Samples 
1 to 8) PV patients: DR4,DQw3/DR5,DQw3, 
DRS,DQw3/DRw6PQwl, DR4PQw3IDR5, 
DQw3, DRS,DQw3/DRw6,DQwl, DR4, 
DQw3/DRw6,DQwl, DR5PQw3IDRw6, 
DQwl, DR5PQw3/DRw6,DQwl, and DR5, 
DQw3DR7PQw2; (samples 9 and 10) 
DRlPQwl HIE MVL and BVR; and (samples 
11 and 12) DRw6,DQwl HIE WVD and APD. 
Gmomic DNA- emacted fhn  m i d  
alllimsandampl&dfor28&~0~~cycksby 
using the rraccion conditions described in Fig. 2 
and thc primas GLPDQpl, 5'- 
G A ~ A C C A G T ' I T M G G G C - 3 '  (uni- 
no acid positions 6 to 13) and GAMPDQXf32, 
5'CCA-A--3' (amino 
acidpositions79t086).Oncfourchofthe~- 
l i c d p l d u c t w a s a p p l i t d t o ~ p a p a  
with a BRL Hytm-Dot man&kl, and thc papa 
wasthcnbakedfbr2m3hoursat80"C.Fi . . 
were in 6x  SSC and 0.5 percent 
SDS --$ madcr 'RNA (250 Mrnl) 
a n d 5 x ~ s ~ O n f w a t k a s t l O m i n u t s  
a t 4 2 % , t h c n h ~ 1 2 t o 1 6 h o u r s w i t h  
3 x I d  to 6 x  1@ cpm ofq-labeled AS0 at 
4 2 " C , ( 1 5 ) . ~  " ' bbxs wex washcd 
i n 6 x S S C a n d O ~ S a t i m m ~ -  
nut fw 10 minutes and placcd unda x-ray film h r  
4hourstoensurethPcachwdlamtaincd~ 
DNA Bbtswaethenwashedin6x SSCandO.5 

SDS at a t c y  (Td), to (the 
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