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Summary HLA-DRw9 antigen, of which frequency is relatively high in 
Japanese, is identified and analyzed by two-dimensional gel electrophoresis 
using anti-DRw9 alloantisera and monoclonal antibodies against human class 
II antigens. The DRw9 antigen consists of one set of heavy and light chains 
on the cell surface and the Ii chain is associated with the heavy chain-light chain 
complex in intracellular regions. The DRw9 light chain is distinct from the 
DR4 and DR7 light chains but the DRw9 heavy chain is identical with the DR4 
and DR7 heavy chain, suggesting that the DRw9 light chain carries the anti- 
genic specificity recognized by the anti-DRw9 alloantisera. The amount of 
the DRw9 antigen is extremely large compared with the other class II antigens 
in the total class II antigen pool, as reported previously for the DR4 antigen. 
The data presented in this paper indicate that the DRw9 antigen is present as 
an independent DR molecule and has the polypeptide constitution charac- 
teristic of the DR antigen. 

INTRODUCTION 

The major histocompatibility complex (MHC) class II antigen plays important 
roles in a number of immune phenomena such as T cell-macrophage interaction (Geha 
et al., 1979). In human, the HLA-D/DR region present in the short arm of No. 6 
chromosome codes for at least three kinds of class II antigens, the DR, DC and SB 
antigens (Hurley et al., 1983). In addition, it has been suggested that the MT3 antigen 
which is defined serologically as a DR supertypic specificity is distinct from the DR, 
DC and SB antigens and belongs to the fourth group of the human class II antigens 
(Suzuki et al., 1983; Tanigaki et al., 1983). In general, the DC and MT3 antigens 
are in linkage disequilibrium with the DR antigens (Tanigaki et al., 1983) and no re- 
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combinations between the DC and DR antigens and between the MT3 and DR antigens 
have been reported. On the other hand, the SB locus is separated two centimorgan 
from the DR locus (Shaw et al., 198t). 

The DR antigen is most extensively analyzed human class II antigen and ten 
alloantigens (DR1-DRwl0) have been characterized by the microcytotoxicity test 
(HLA Nomenclature Committee, 1980). Biochemical analyses have been revealed 
the structure of most of the DR antigens (DR1-DRwS) (Shackelford et al., 1980; Char- 
ton et al., 1980; De Kretser et al., 1982). The DR antigen consists of two noncova- 
lently associated glycoproteins, approximately 34,000 dalton heavy (alpha) and 29,000 
dalton light (beta) chains. The third chain, Ii (invariant) chain, is also associated 
with the DR heavy chain-light chain complex in intracellular regions (Owen et al., 

1981). The poIymorphism of the DR antigens resides on the light chain (Shackelford 
et al., 1980). However, the DRw9 antigen, which occurs with a relatively high fre- 
quency in Japanese and a very low frequency in Caucasians (Baur and Danilovs, 1981), 
has not been biochemically identified and characterized yet. 

In this report, the DRw9 antigen is identified by two-dimensional (2-D) gel elec- 
trophoresis using alloantisera and compared with other DR antigens. 

MATERIALS AND METHODS 

Cell  lines. Transformed human B lymphoid cell lines were used in this study. 
Their HLA phenotypes are given in Table 1. L-KT12, L-KT13 and L-Pitot were 
kindly gifted from Dr. N. Kashiwagi, Kitasato University, Sagamihara. KCCL1448 was 
a generous gift from Dr. K. Ohkouchi, Kyushu University, Fukuoka. The cells were 
maintained in RPMI1640 (Gibco Co., N.Y.) medium supplemented with 10% heat- 
inactivated fetal bovine serum in the atmosphere of 5 ~  COn and 95~ air at 37~ 

Antisera and  monoclonal  antibodies. Alloantiserum 070702 (anti-DR7) was pur- 
chased from Hoechst Japan Co., Tokyo. Alloantiserum 1993 (anti-DRw9) was a 
kind gift from Dr. E. Tokunaga, Japan Red Cross Central Blood Center, Tokyo. A1- 
loantisera T1016 (anti-DRw9), T2758 (anti-DRw9) and T2297 (anti-DR4) were obtained 
from multiparous women in Blood Transfusion Survice, Tokyo Women's Medical 

Table 1. Human B lymphoid cell lines. 

HLA 
-A -B -C -D -DR 

L-KT12 w24/w31 w35/w52 w4/- DB5/DB5 w9/w9 
KCCL1448 2/11 w55/w62 wl/w3 N.T.* 5/w9 
L-KT13 w24/w31 w51/7 -/- KT2/KT2 4/4 
L-Pitot** 29/29 w44/w44 -/- w7/w7 7/7 

All cell lines were established by Epstein-Barr virus (EBV) transformation. * N.T., not tested. 
�9 * L-Pitot was obtained from the offspring of a consanguineous marriage. 
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Table 2. Serological specificities of the alloantisera. 

19 

Lot No. Specificity + / +  +/- -  - - /+  --/-- Total R-value 

1993 DRw9 14 0 0 23 37 1.000 
T2758 DRw9 60 1 2 55 118 0.949 
TI016 DRw9 35 1 1 142 179 0.965 
T2297 DR4 80 3 4 92 192 0.921 

070702 DR7 4 0 0 15 19 1.000 

+ / + ,  antigen positive and reaction positive; + / - ,  antigen positive and reaction negative; --/+, 
antigen negative and reaction positive; - - / - ,  antigen negative and reaction negative. Alloantiserum 
of Lot No. 070702 was tested by Boehringwerke, Hoechst Co. All other alloantisera were tested 
by one of the authors (T.J.). 

College, Tokyo. The specificities of these alloantisera are shown in Table 2. The 
monoclonal antibodies L243 (Lampson and Levy, 1980), OKIal (Reinhertz et al., 
1979), and MAS053C (Brickell et al., 1981) and MAS054C were purchased from 
Becton Dickinson Co., Sunnyvale, California, Ortho Pharmaceutical Co., Raritan, 
New Jersey, and SERA-LAB Ltd., Sussex, England, respectively. These monoclonal 
antibodies recognize human class II antigen monomorphic determinants. Anti- 
human beta-2 microglobulin monoclonal antibody was purchased from Olac Ltd., 
Bichester. 

Sample preparations and two-dimensional (2-D) gel electrophoresis. Preparation 
of the plasma membrane of the cell line KCCL1448 was carried out by the method of 
Molner and co-workers (1969) with minor modifications as described previously (Suzuki 
et al., 1983). The membrane fractions of the cell line L-KT12, L-KT13 and L-Pitot 
were prepared according to the method of Koyama and co-workers (1977). The mem- 
brane glycoproteins were purified from the plasma membrane and the membrane 
fractions by the LentiMectin affinity chromatography and labeled with 1~I by the 
chloramine T method (Koyama et al., 1977). 

[3aS]Methionine-labeled cellular proteins were prepared by the method of Jones 
(1980). 

Immunoprecipitation and 2-D gel electrophoresis were performed as described 
previously (Suzuki et al., 1983). 125I-Labeled proteins were detected by the auto- 
radiography. 35S-Labeled proteins were visualized by the fluorography according to 
the method of Bonner and Laskey (1974). Unlabeled membrane glycoproteins were 
stained by Coomassie brilliant blue. 

RESULTS 

Identification of  the DRw9 antigen 
To identify the DRw9 antigen, lzSI-labeled membrane glycoproteins from the 

DRw9-homozygous cell line L-KT12 and the DRw9-positive cell line KCCL1448 were 
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precipitated with the monoclonal antibodies, anti-DRw9 alloantisera or normal human 
serum and the resulting immunoprecipitate was analyzed by 2-D gel electrophoresis 
(Fig. 1). The monoclonal antibody L243 precipitates one set of heavy and light chains 
of the class II antigen from the cell line L-KT12 (Fig. 1A). The microheterogeneity 
in the light chain is considered to be attributable to both the variability in the sialic 
acid content and the difference in the oligosaccharide type (Shackelford et al., 1981). 
Other three monoclonal antibodies (OKIal, MAS053C and MAS054C) also pre- 
cipitated the same set of the heavy and light chains from the cell line L-KTI2. The 
anti-DRw9 alloantiserum T10t6 precipitates the same set of the heavy and light chains 
(Fig. 1B). Only the same set of the heavy and light chains are also precipitated from 
the other DRw9-positive cell line KCCL1448 with the anti-DRw9 alloantiserum T1016 
(Fig. 1C). The other anti-DRw9 alloantiserum (1993) precipitated the same set of 
the heavy and light chains from both the cell lines L-KT12 and KCCL1448, as well. 
However, normal human serum do not precipitate any class II antigens (Fig. 1D). The 
anti-DRw9 alloantisera specific light chain was not precipitated from the DRw9-nega- 
tive cell lines (data not shown). Furthermore, the electrophoretic mobility of the 
DRw9 alloantisera specific light chain was distinct from that of the MT3 light chain 
of these cell lines (Yabe et al., submitted), as in the case of the light chains of DR4 
and MT3 antigens in a DR4-homozygous cell line (Suzuki et al., 1983). It was also 
observed that both the heavy and light chains of the DRw9 alloantisera specific antigen 
differ from those of the DCqike (TB21) antigen in the cell line L-KT12 (Yabe et aL, 
submitted). Therefore, these anti-DRw9 alloantisera specific heavy and light chains 
are considered to be the components of the DRw9 antigen. 

Comparison of the DRw9 antigen with the DR4 and DR7 antigens 
We have identified the DR4 and DR7 antigens on 2-D gel using alloantisera (Suzu- 

ki et al., 1983, Yabe et aL, submitted). To clarify the difference in polypeptides be- 
tween the DRw9 and the other DR antigens, the DRw9 antigen is compared with the 
DR4 and DR7 antigens from the cell lines L-KT13 and L-Pitot, respectively, by 2-D 
gel electrophoresis (Fig. 2). The positions of the light chains on the 2-D gel are dif- 
ferent from one another among the DR4, DR7 and DRw9 antigens: The pI of the 
DRw9 light chain is most basic and that of the DR4 light chain from the cell line L- 
KT13 is most acidic. On the other hand, no differences in the molecular weight and 
pI of the heavy chains are observed among the DR4, DR7 and DRw9 antigens. 

Relative amount of DRw9 antigen in the total class H antigen pool 
In order to examine the relative amount of the DRw9 antigen in the total class II 

antigen pool, the membrane glycoproteins from the cell line L-KT12 were subjected 
to 2-D gel electrophoresis and detected by Coomassie brilliant blue staining (Fig. 3). 
The DRw9 antigen was identified by the anti-DRw9 alioantisera. The other class II 
and class I antigens were identified by the anti-human class II antigen monoclonal 
antibodies and anti-human beta-2 microglobulin monoclonal antibody, respectively. 
The data indicate that the amount of the DRw9 antigen is extremely large compared 
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Fig. 1 Fig. 2 

Fig. 1. 2-D gel analysis of the DRw9 antigen from the 125I-labeled membrane glycopro- 
reins. A, the immunoprecipitate from the L-KT12 ceil with the anti-human class 
II antigen monoclonal antibody L243 ; B, the immunoprecipitate from the L-KT12 
ceil with anti-DRw9 al[oantiserum T1016; C, the immunoprecipitate from the 
plasma membrane glycoproteins of KCCL1448 cell with anti-DRw9 alloantiserum 
TI016; D, the immunoprecipitate from the L-KT12 cell with normal human 
serum as control. The basic end of the NEPHGE gel is on the left and the di- 
rection of SDS-PAGE is from top to bottom. The heavy and light chains of the 
DRw9 antigen are indicated by upward and downward arrows, respectively. 

Fig. 2. Comparison of the DRw9 antigen with the DR4 and DR7 antigens. A, the 
immunoprecipitate from the L-KTI3 cell wJth anti-DR4 alloantiserum T2297; 
B, the immunoprecipitate from the L-Pitot cell with anti-DR7 alloantiserum 
070702; C, the immunoprecipitate from the L-KT12 cell with anti-DRw9 allo- 
antiserum 1993. Gel orientation is the same as in Fig. 1. The heavy and light 
chains of DR antigens are indicated by upward ',and downward arrows, respec- 
tively. 
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Fig. 3. 2-D gel analysis of the DRw9 antigen in unlabeled membrane glycoproteins 
from the cell line L-KTI2. The heavy and light chains of the DRw9 antigen 
are indicated by upward and downward arrows, respectively. I H, class I heavy 
chains; II H, class II heavy chains; II L, class II light chains; fl~m, beta-2 micro- 
globulin. 

with the other class [1 antigens of this cell line. 

Association oJ the l i  chain in intracellular regions 
To reveal the polypeptide constitution of the DRw9 antigen in intracellular re- 

gions, [~SS]methionine-labeled L-KT12 cell proteins were precipitated with anti-DRw9 
alloantiserum T2758 or normal human serum and the resulting immunoprecipitate was 
analyzed by 2-D gel electrophoresis (Fig. 4). The anti-DRw9 alloantiserum T2758 
precipitates the heavy and light chains of the DRw9 antigen together with the Ii chain 
(Fig. 4A) but normal human serum does not precipitate any class II  antigens (Fig. 
4B). The same result was obtained by the use of the other DRw9-positive cell line 
KCCL1448. These results indicate that the DRw9 antigen associates with the Ii chain 

in intracellular regions. 
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Fig. 4. 2-D gel analysis of the DRw9 antigen in 35S-labeled cell proteins from the cell 
line L-KT12. A, the immunoprecipitate with anti-DRw9 alloantiserum T2758; 
B, the immunoprecipitate with normal human serum. The heavy and light 
chains of the DRw9 antigen are indicated by upward and downward arrows, 
respectively. The Ii chain is shown by a horizontal arrow, a, actin. 

DISCUSSION 

The DRw9 antigen which is defined by the microcytotoxicity test was recognized 
at the Eighth International Workshop on Histocompatibility Testing 1980 (Terasaki 
et al., 1981). The frequency of the DRw9 antigen is relatively high in Japanese: The 
phenotype frequencies are 0.230 in Japanese, 0.024 in Caucasian and 0.053 in Negro 
(Colombe and Payne, 1981). In this study, the DRw9 antigen has been biochemically 
identified for the first time, using 2-D gel electrophoresis and anti-DRw9 alloantisera. 
The anti-DRw9 alloantisera specific heavy and light chains shown in this paper are 
considered to be the components of the DRw9 antigen for the following reasons: 1) 
Since all the monoclonaI antibodies against human class II antigen used precipitate 
the anti-DRw9 alloantisera specific heavy and light chains, these heavy and light chains 
are the components of the human class II antigens. 2) All the anti-DRw9 alloantisera 
used precipitate only these heavy and light chains. 3) The anti-DRw9 alloantisera 
specific heavy and light chains are precipitated from the DRw9-positive cells (L-KT12 
and KCCLI448) but not from the DRw9-negative cells. 4) The electrophoretic mo- 
bility of the anti-DRw9 alloantisera specific heavy chain is identical with that of the 
other DR heavy chains, as is generally observed in the DR antigens. 5) The anti- 
DRw9 alloantisera specific light chain is identical in the DRw9 positive cell lines but 
different from the other types of the DR light chains. 6) The anti-DRw9 alloantisera 
specific light chains distinct from the light chains of the MT3 and DC-like antigens in 
a cell line. 7) Normal human serum does not precipitate these heavy and light chains. 
Furthermore, these data suggest that the DRw9 light chain carries the antigenic spec- 
ificity recognized by the anti-DRw9 alloantisera. 
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The amount of the DRw9 antigen is extremely large compared with the other 
class lI antigens in the total class I1 antigen pool of the cell line L-KT12 (Fig. 3). It 

has been observed in all the B lymphoid cell lines examined, including KCCL1448, 
L-KT13 and L-Pitot, that most of the class II antigen consists of the DR antigen (Suzu- 
ki et al., 1983, Yabe et al., submitted). These results suggest that the DRw9 antigen 
and the other DR antigens play important roles in the immune response. 

It has been reported that the DR antigen consist of the heavy and light chains 
on the cell surface and that the Ii chain is associated with the heavy chain-light chain 
complex in intracellular regions (Owen et al., 1981). The data presented in this paper 
also indicate that the DRw9 antigen consists of the heavy and light chains on the cell 
surface (Figs. 1 and 3) and that the Ii chain is associated with the DRw9 antigen in 
intracellular regions (Fig. 4). The findings in this study show that the DRw9 antigen 

has the polypeptide constitution characteristic of the DR antigen. 
Among the ten recognized DR antigens, the gene frequency of the DRw9 antigen 

is the third highest (0.122) in Japanese (Baur and Danilovs, 1981). Since the existence 
of the DRw9 antigen as an independent DR molecule has been proved biochemically 
by this study, the DRw9 antigen will become a useful genetic marker in the D/DR 
region in Japanese. 
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