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Ia antigens are a class of cell surface glycoproteins encoded within the murine major 
histocompatibility complex (MHC) 1 that have a characteristic molecular structure 
and tissue distribution. The genetics, structure, and function of these molecules are 
being investigated intensively because Ia antigens have been found to be involved in 
antigen recognition by T lymphocytes and are believed to regulate antigen recognition 
by those T lymphocytes (1, 2). In man, HLA-DR is the only Ia-like molecule that has 
been well characterized with respect to: (a) determination of its molecular structure; 
(b) mapping the gene that encodes it; and (c) assigning it a role in human  T cell 
recognition (3-5). However, multiple lines of  evidence indicate that there is at least 
one other, and perhaps many  more, human Ia-like gene products. This complexity is 
evident from serologic (6-9) and immunochemical  (10-19) analyses; however, little is 
known about the ability of  these determinants to function in T cell recognition (20), 
and the available genetic data (7, 21) are insufficient to conclusively establish that 
these determinants are controlled by genes distinct from HLA-DR.  Such correlations 
between structure, genetics, and function will have to be established to achieve a more 
general understanding of human Ia antigens. 

Recently, cellular typing reagents were developed that defined five alleles of a new 
segregant series of secondary B cell (SB) antigens (22, 23); they were shown to be 
encoded by an HLA-linked locus that was distinguished from H L A - D R  by identifi- 
cation of recombinant families (24) and studies of mutant  cell lines (25). It was 
hypothesized on the basis of function and tissue distribution that the SB gene product 
is an h-l ike molecule (22). Independently, a monoclonal antibody was identified (18, 
26) that reacted with an antigen whose molecular structure was similar to HLA-DR,  
but that could be distinguished from the HLA-DR molecule by sequential immuno- 
precipitation. One relatively unique characteristic of ILR1 reactivity and of the SB 
antigens made it plausible that both might relate to the same genetic sys tem--  
although each was encoded by a locus linked to HLA-DR,  in neither case did the 
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po lymorph i sm correlate  well wi th  H L A - D R  in the popula t ion .  
Three  lines of  evidence descr ibed in this repor t  indica te  tha t  this monoclona l  

an t ibody,  ILR1,  reacts wi th  at least two allelic forms of  the SB molecule:  SB2 and  
SB3. This  evidence, combined  with previous s t ruc tura l  studies of  the  I L R l - r e a c t i v e  
molecule,  indicates tha t  the SB gene p roduc t  has the  s t ructure  of  an Ia-l ike molecule.  
Fur thermore ,  the serologic analysis  of  H L A  m u t a n t  cell lines wi th  this monoclona l  
an t ibody  supports  the  inference made  from previous studies using cel lular  t yp ing  (24, 
27, 28) tha t  there are two H L A  regions cent romer ic  to H L A - B  tha t  control  expression 
of  Ia-l ike molecules: a region toward  HLA-B tha t  controls  expression of  H L A - D R ,  
and a region toward  G L O  that  controls  expression of  SB. These  d a t a  provide  an 
init ial  correlat ion between a t r iad  of  findings: the  SB ant igens  funct ion as immunogens  
in h u m a n  cel lular  i m m u n e  responses, they are encoded by  a locus in the  H L A  region 
that  is dist inct  from HLA-DR,  and  they are present  on an Ia-l ike molecule.  Thus ,  SB, 
like H L A - D R ,  appears  to be a h u m a n  equiva len t  of  the mur ine  Ia  molecules,  and  
may  therefore be impor t an t  in regula t ion  of  h u m a n  i m m u n e  responses. 

M a t e r i a l s  a n d  M e t h o d s  

Monoclonal Antibodies. Murine monoclonal antibodies I2, ILR1 (18, 26), and L227 (29) were 
grown in vitro or as ascites as previously described. The reactivity of cells with monoclonal 
antibodies was analyzed by indirect immunofluorescence measured by flow microfluorometry 
(FMF) using a fluorescence-activated cell sorter (FACS II, B-D FACS Systems, Becton, 
Dickinson & Co., Sunnyvale, CA) as described (30, 31). To optimize comparison of data 
collected at different linear electronic amplifications, fluorescence units (adjusted to gain 16) 
were calculated according to the formula: FU = (median fluorescence channel - 10) × 16/ 
gain. The measurement of fluorescence units from cells incubated in the presence of the 
monoclonal antibody followed by fluorescent reagent [goat F(ab')2 anti-mouse IgG(H+L), N. 
L. Cappel Laboratories, Cochraneville, PAl was corrected by subtraction of fluorescence units 
measured on the same cell population incubated with the fluorescent reagent alone. All reagents 
were pretested and subsequently used at saturating concentrations. Cells were scored as ILR 1- 
negative if they had <40 fluorescent units of binding; all ILRl-positive donors had >150 
fluorescent units of binding. 

Cellular Studies. Primed lymphocyte typing for SB antigens was performed as previously 
described on peripheral blood mononuclear cells (23) and lymphoblastoid B cell lines (LCL) 
(25); serotyping of cells for DR antigens was kindly performed by Dr. R. Duquesnoy (Blood 
Center of Southeastern Wisconsin, Milwaukee, WI) using the standard National Institutes of 
Health (NIH) lymphocytotoxicity technique on peripheral blood B cells. LCL for the panel 
studies were established from peripheral blood lymphoeytes using Epstein-Barr virus transfor- 
mation as previously described (32). For antibody inhibition of proliferation, the routine 3-d 
primed lymphocyte-typing assay (23) was modified as follows. Ascites was diluted 1:25 into 
medium (RPMI 1640 with glutamine [Grand Island Biological Co., Grand Island, NY] with 
added penicillin [10 U/ml], streptomycin [10/~g/ml], and 15% heat-inactivated normal pooled 
human heparinized plasma). Diluted ascites or undiluted culture supernatant (25 #1) was added 
to flat-bottomed microtiter plates. Responder cells (2 X 104) and irradiated peripheral blood 
mononuclear stimulator cells (1 × 105) were each added in 25 #1 of media. Cultures were 
established in triplicate and results are expressed as the geometric mean cpm of [3H]thymidine 
incorporation. 

Mutant Cell Lines. Cloned mutant cell lines were established using gamma irradiation and 
serologic negative selection according to the general procedures previously described (33).2 The 
"DR-null" mutants were derived by negative selection from a mutant line (721.45.1) from 

2 R. DeMars, C. Chang, R. Rudersdorf, and H. T. Orr. Dissection of the human major histocompatibility 
complex with gamma ray-induced mutations in lymphoblastoid cells. Manuscript submitted for publica- 
tion. 
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which  an  ent i re  H L A  h a p l o t y p e  had  been  physical ly  deleted.  A DR-spec i f ic  m o n o c l o n a l  
an t i body  L243 (29) was used to isolate DR -nu l l  m u t a n t s  af ter  g a m m a  i r rad ia t ion  o f  l ine 
721.45.1. T h e  resul t ing  m u t a n t s  h a d  lost expression o f  cell surface molecules  de t ec t ab l e  by  
a n t i b o d y  L243. 

Statistics and Nomenclature. Overal l  s tat ist ical  corre la t ions  o f  D R  or  SB a n d  I L R  1 react iv i ty  
were m a d e  us ing ch i - square  analysis.  C o m p a r i s o n s  o f  ind iv idua l  D R  or  SB alleles a n d  ILR1 
react ivi ty  were  m a d e  us ing the  Fisher ' s  exact  test. S t a n d a r d  conven t ions  have  been  used for 
genet ic  n o m e n c l a t u r e  (34). 

Results  

Population Studies of the Association between ILR1 Reactivity and HLA-DR and 
SB. Original characterization of the ILR1 antibody indicated that it detected a 
polymorphism which did not correlate with HLA-DR in the Caucasian population 
(18, 26). FMF analysis of the binding of ILR1 to our panel of 47 LCL (Table I): (a) 
demonstrates that ILR1 reactivity was observed with 66% of our cells; (b) confirms 
the lack of overall association with HLA-DR phenotype (P = 0.33); (c) demonstrates 
a strong overall association between cells' reactivity with ILR 1 and their SB phenotype 
(P < 0.003). These findings strongly suggest that ILR 1 might recognize determinants 
related to SB, but also demonstrate that ILR1 reactivity is not limited to a single 
allele of'SB. 

Analysis of associations between ILR 1 and individual alleles of DR and SB (Table 
I) indicates that ILR1 binds to all donors' cells that express SB2, SB3, and DR5. 
Although the data achieve statistical significance only for SB2, they are consistent 

TABLE I 

Population Study of the Correlation between HLA-DR and SB and Binding of 
Monoclonal Antibody ILR1 

Antigen 

ILR 1 + donors ILR 1 - donors 
(n = 31)* (n == 16)* 

Number Percent Number Percent 
with with with with 

antigen antigen antigen antigen 

SB2~ 12" 39 0 0 
SB3 8 26 0 0 
SB blank 6 19 1 6 

SB1 6 19 6 38 
SB4 12 39 11 69 
SB5 1 3 4 25 

DRI~ 5 16 2 13 
DR2 11 35 6 38 
DR3 14 45 7 44 
DR4 7 23 2 13 
DR5 7 23 0 0 
DR7 5 16 6 38 
DR blank 1 3 0 0 

* Binding of ILR 1 to LCL was ascertained by FMF. 
The statistical significance (by chi square analysis) of the overall correlation 
between ILR1 and SB is highly significant (P < 0.003) but of the overall 
correlation between ILR1 and the six well-defined DR alleles is not signifi- 
cant (P = 0.33). 
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with the interpretation that ILR1 binds to all DR5, SB2, and SB3 molecules. The  
implication that ILR1 may bind to DR5 molecules is an interesting one, supported 
by other data (C. Hurley and S. Shaw, manuscript in preparation), but will not be 
documented further in this study as it is tangential to the pr imary focus, the SB 
antigens. More detailed information on the association between SB phenotype and 
ILRl-reactivity is represented in Fig. 1. For ease of visualization, donors are repre- 
sented on either side of the figure's axis of symmetry. Because the DR5 molecule 
appears to bind ILR 1, donors expressing DR5 are distinguished in the figure; however, 
none of the conclusions relating to SB are changed by inclusion or exclusion of those 
donors. All donors' cells expressing $B2 or SB3 also bind ILR1, suggesting that the 
SB2 and SB3 molecules bind ILR1. The remaining 25 donors' cells (which are 
negative for SB2 and SB3) provide information on ILR1 binding to other alleles. O f  
these, the seven that express two defined SB alleles (SB1,4; SB1,5; and SB4,5) are the 
most informative; all of them fail to bind ILR1, suggesting that SB1, SB4, and SB5 
molecules lack the ILR 1-reactive epitope. This interpretation is also supported by the 
observation that most of the donors (8/12) that express SB 1 only (SB 1,1 or SB 1,blank) 
or SB4 only (SB4,4 or SB4,blank) fail to bind ILR1. Thus all the data are consistent 
with the hypothesis that ILR1 binds to SB2 and SB3 molecules but not to SB1, SB4, 
or SB5 molecules. However, ILR1 also binds to six donors cells that lack SB2, SB3, 
and DR5; although not inconsistent with the foregoing hypothesis, ILR1 binding to 
those six donors' cells is not explained by it and requires an additional hypothesis. 
Either the ILR 1-reactive epitope is also present on some SB blank molecules, or there 
are other polymorphic molecules distinct from SB and DR that are also able to bind 
ILR1 (see Discussion). 

ILR1 Inhibits Proliferation of SB-specific but not DR-specific Primed T Cells. To test more 
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Fxc. 1. Association between ILRl-reactivity and the SB phenotype of 47 donors' cells. Binding of 
ILRI to LCL was ascertained by FMF. Cells that bind ILR1 (O), cells that express DR5 (all of 
which bind ILR1) (HI) and those that do not bind ILR1 (O) are plotted according to their SB 
antigen phenotype. Note that there is an axis of symmetry; for ease of visualization all donors are 
represented by a symbol on either side of that axis, except the donors typing for SB blank only, 
whose cells are on that axis. 
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directly the relevance of ILR 1-reactive molecules to the ant igenic  moieties defined by 

cellular typing, we tested the abil i ty of ILR 1 to block SB-specific T cell recognition. 
ILR 1 was added dur ing  secondary proliferative responses of pr imed T cells responding 
to each of the five known SB antigens;  responses to each of two D R  ant igens were 
included as controls (Table II). Addi t ion  of ILR 1 reduced the proliferative responses 
to two of the five SB antigens (SB2 and  SB3) by at least 65%, bu t  did not inhibi t  the 
proliferative responses to the other three SB antigens or to the two D R  ant igens tested. 
For both of the inhibi ted responses (SB2 and  SB3) ILR1 binds  only to the s t imulator  
cells, not to the responding cells; thus, inhib i t ion  occurs by a mechanism related to 
b ind ing  to the st imulator,  not the responder cells. Fur thermore ,  this inhib i t ion  is 
ant igen specific; a l though ILR 1 binds  to the s t imulator  cells (from donor  B 17) that  

were used to s t imulate  both the DR2- and  SB2-specific responses, it only inhib i ted  
the response to the SB2 antigen,  not the DR2 antigen.  

The  results of another  representative inhib i t ion  experiment  (Table  III) s t rengthen 
the evidence that ILR1 causes antigen-specific inhib i t ion  of T cell proliferation by 
b ind ing  to the s t imulator  cell. As in the previous experiment ,  the conclusions are that:  
(a) SB2- and  SB3-specific responses are inhibi ted (by >70%), but  SBI-,  SB4-, SB5-, 

DRI- ,  and  DR2-specific responses are not; (b) the inhib i t ion  operates at the level of 
the s t imulator  cell, as it occurs in combinat ions  where s t imula tor  bu t  not responder 
cells b ind  ILR1; and  (c) this inhib i t ion  is an t igen  specific, as inh ib i t ion  of the SB2- 
specific response to cell Y2 is not accompanied  by inhib i t ion  of the SBl-specific 
response, for which Y2 was also used as a s t imulator  cell. This  experiment  differs from 

TABLE II 

Selective Inhibition of Secondary Lymphocyte Proliferation by the Monoclonal 
Antibody ILRI 

Stimulating Percent inhi- 
antigen bition 

ILR 1 reactivity of 
cells from: 

Proliferation in the 
presence of antibody* 

Re- Stimula- Control:~ ILR 1 sponder tor 

¢pm 

SB2 78% - + 103.6 22.6 
SB3 65% - + 46.3 16.1 
SB 1 5% + + 145.6 138.5 
SB4 10% + - 120.8 108.1 
SB5 8% + - 45.9 42.0 
DRI 13% + + 37.0 32.3 
DR2 0% + + 52.4 52.3 

The effect of addition of ILR 1 antibody on proliferative responses to SB and 
DR antigens. The combinations of donors used to generate the SB- and DR- 
specific primed cells are identical to those described previously (refer to refs. 
22, 23 in which the following donors and priming combinations are described; 
the donor combination used to generate the SBl-primed cells used in this 
experiment was S1 l/H9, for SB2, F2/B17, for SB3, W7/M14, for SB4, S11/ 
PM1, for SB5, B17/F2, for DRI, H9/K4, and for DR2, FI/B17); in each 
combination, the donors are identical for all HLA antigens (HLA-A, -B, 
[-C], -D, -DR, MB, MT, SB), except the one desired for priming. 
cpm expressed as cpm × 10 -a. 
The control antibody was I2, a DR-specific anti-Ia monoclonal antibody 
08). 
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TABLE III 

Selective Inhibition of Secondary Lymphocyte Proliferation by the Monoclonal Antibody ILR1 

Stimulating 
antigen 

ILR1 reactivity of Proliferation in presence of Percent inhibition with: cells from: antibody:* 

Re- Stimula- 
ILR1 L227 sponder tor Control:]: ILRI L227 

SB2 97 67 - + 22.8 0.6 7.4 
SB3 71 45 + + 33.7 9.8 18.5 
SB1 -13 89 + + 35.2 39.9 3.9 
SB4 -10 ND + - 71.2 78.6 ND 
SB5 -37 56 + - 56.8 77.8 24.7 
DR1 8 9 + + 22.5 20.8 21.4 
DR2 -10 36 + + 11.4 12.6 9.2 

The effect of addition of ILR1 antibody on proliferative responses to SB and DR antigens. As in Table 
II, the combinations of donors used to generate the SB- and DR-specific primed cells are identical to 
those described previously (22, 23; for reference to those citations the donor combination used to generate 
the SBl-primed cells was FB6/FB11, for SB2, W7/H9, for SB3, PM1/M14, for SB4, H9/M14, for SB5, 
H9/$11, for DR1, H9/K4, and for DR2, F1/B17); in each combination, the donors are identical for all 
HLA antigens (HLA-A, -B, [-C], -D, -DR, MB, MT, SB), except the one desired for priming. The 
restimulating cells used in this experiment were Y2 (A26,32,B41,52,DR5,7,SB1,2) for SBI and SB2, E2 
(A3,B7,DR 1,4,SB3) for SB3, FC4 (A2,B7,DR2,SB4,5) for SB4 and SB5, L2 (A26,31,B 14,38,DR 1,4,SB2,4) 
for DR1, and M8 (A2,B8,DR2,3,SB3) for DR2. 

* cpm expressed as cpm × 10 -a 
:~ The control antibody was I2. 

the previous one in three features of its design. First, the pr imed cells responding to 
each of the SB antigens were derived from a different combina t ion  of responder and  
st imulator  cells (the second of the two original donor  combinat ions  used to define 
these antigens; see 22, 23); therefore, the inhib i t ion  seen for SB2- and  SB3-specific 
primed cells can be a t t r ibuted  to their an t igen  specificity and  not to other at t r ibutes  
of the donor combinations.  Second, a l though the pr imed cells used in these experi- 
ments  were generated in carefully HLA-matched  donor  combina t ions  and  have 
proven to be functionally monospecific in extensive proliferation studies, a further 
precaut ion was taken to restrict the ant igens recognized: the res t imula t ing cells were 
chosen to be HLA-mismatched  with the pr imary  s t imula t ing  cell for all bu t  the 
relevant HLA ant igen (e.g., for SB2, cells from donor  W7 [A1,2, B7,8, DR2,3, 
SB1,4], which had been pr imed against cells from donor  H9 [A1,2, B7,8, DR2,3, 
SB1,2] and  were rest imulated dur ing  this assay with cells from donor  Y2 [A26,32, 
B41,52, DR5,7, SB1,2]). This  further ref inement  of specificity of the responding T 
cells did not alter the inhibi t ion  observed. Thi rd ,  the possibility was considered that  
SB2- and SB3-specific responses might  be nonspecifically more susceptible to all 
inhibi tory effects of monoclonal  antibodies. As a control for this possibility, an ant i - Ia  
monoclonal  an t ibody (L227) was included that  had been seen previously to part ial ly 
inhibi t  T cell proliferative responses to m a n y  specificities. The  SB2- and  SB3-specific 
proliferative responses were inhibi ted no more (and perhaps less) by monoclonal  
an t ibody L227 than  were the proliferative responses specific for the other SB antigens. 

Genetic Mapping of ILR1 Reactivity in HLA-mutant Cell Lines. Previous studies both of 
recombinant  families (24) and  of m u t a n t  cell lines (25) indicated that  H L A - D R  and  
SB were encoded by separate loci in the h u m a n  MHC.  If  ILR 1 recognizes an epitope 
on the same polypeptide as that  detected by typing with cellular reagents, then the 
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genet ics  o f  I L R  1 r eac t i v i t y  shou ld  para l l e l  those  o f  the  SB an t i gens  de f i ned  by  ce l lu l a r  

typing.  T h i s  p r e d i c t i o n  was exp lo red  us ing  pane l s  o f  m u t a n t  cell  l ines tha t  h a d  b e e n  

es tab l i shed  f rom a p a r e n t  L C L  express ing  the  H L A  h a p l o t y p e s  (A*I ,  B*8, DR*3,  
SB* 4, GLO* 2), a n d  (A * 2, B* 5, DR* 1, SB* 2, a n d  GLO* 1). Pi lo t  s tudies  i nd i ca t e  t ha t  

an  I L R  1-react ive m o l e c u l e  was e n c o d e d  by  a locus o f  t he  SB*2  h a p l o t y p e ,  as w o u l d  

be  p r e d i c t e d  f rom the  s tudies  desc r ibed  above .  O f  t he  m u t a n t  l ines ava i l ab l e ,  13 were  

c h o s e n  tha t  h a d  lost D R * I  f rom one  H L A  h a p l o t y p e  a n d  an  u n k n o w n  a m o u n t  o f  

gene t ic  m a t e r i a l  c e n t r o m e r i c  to DR* 1; these  l ines were  assayed for express ion  o f  t he  

SB2 an t i gen  (as d e t e c t e d  by  ce l lu la r  typ ing)  a n d  express ion o f  t he  I L R l - r e a c t i v e  

mo lecu l e  ( T a b l e  IV,  Fig. 2). All  seven i n d e p e n d e n t  l ines tha t  r e t a i n e d  the  SB2 a n t i g e n  

also r e t a ined  the i r  I L R l - r e a e t i v i t y  ( type  1 a n d  t y p e  3); n o n e  tha t  lost SB2 ( type  2) 

r e t a ined  I L R 1  r eac t i v i t y  (P  < 0.002, two- t a i l ed  Fisher ' s  exac t  test). T h e  r eac t i v i t y  o f  

I L R  1 wi th  m u t a n t  cell  l ines tha t  h a v e  lost express ion  o f  the i r  D R  1 m o l e c u l e  e n c o d e d  

TABLE IV 

Correlation between ILRI Reactivity and SB2 Expression on Mutant Cell 

Mutant line number 

Lines that Have Lost DR1 

Primed cells used to Monoclonal Ab 
identify SB2* reactivity 

SB2A SB2B ILR 1 I2 (DR) 

Parent 100" 100" 100~ 100~ 

Type 1§ 
.51 52 52 150 109 
.52 39 58 155 599 

Type 2 
.77 7 6 1 82 
.78 8 6 1 131 
.113 9 7 1 128 
.116 3 4 1 192 
.120 6 4 0 187 
.127 19 7 1 229 

Type 3 
.81.3 125 85 184 0 
.137.1 143 117 273 0 
.82.4 62 83 189 0 
.84.5 98 98 200 0 
.101.1 101 83 167 0 

* The primed cell reagents used to detect the SB2 antigens are identical to 
those previously described (22, 23); SB2A is generated by donor W7 anti-H9 
and SB2B by donor F2 anti-B17. The proliferative data are expressed in 
terms of relative response, i.e., responses induced by the mutant stimulator 
cell compared with that induced by the parent line. Absolute cpm for the 
responses was 29,750 for the SB2A-primed cells and 76,880 for the SB2B- 
primed cells. 

~: Antibody-binding data are expressed as percentage of the expression on the 
parent line, as measured by FMF. The level of expression on the parent line 
was 5684 fluorescence units for I2 and 3964 fluorescence units for ILR 1. 

§ See Fig. 2 for schematic representation showing different mutant types. All 
type 1 and type 2 mutants had lost expression of the A2 and B5 markers on 
that haplotype. Two of the type 2 mutants had lost GLO* 1 marker on that 
haplotype. 
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GLO*I SB2/ILR1 DR1 
Parent 

GLO*2 SB4 DR3 

GLO* 1 SB2/ILR 1 XXXXX 
Type 1 

GLO*2 SB4 DR3 

(GLO*I) XXXXXXXXXXXXXXXXXX 
Type 2 

GLO*2 SB4 DR3 

GLO* 1 SB2/ILR 1 XXXXX 
Type 3 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

Fro. 2. Schematic of the HLA-DR/GLO segment of the HLA haplotypes of the HLA-deletion 
mutants analyzed. For data, see Table IV. Of mutants that lost only part of one HLA haplotype, 
some had lost DR1 but not SB2 or ILR1 (type 1), whereas others had lost DR1 as well as SB2 and 
ILR1 (and two had lost expression of GLO* 1) (type 2). Of mutants that lost the entire DR3 
haplotype and DR1, none had lost SB2 or ILR1 (type 3). No mutants were identified which had 
lost SB2 but not ILRl-reactivity, or vice versa. 

on the SB*2-containing haplotype demonstrates that there are at least two loci 
controlling expression of products that bind anti-Ia monoclonal antibodies. Because 
the type 1 mutants had lost expression of genes in the segment HLA-A*2/HLA-B*5/ 
DR* 1, the retention of ILRl-react ivi ty in these mutants indicates that the gene that 
controls ILRl-detected polymorphism does not map between HLA-A and DR. 

These data are most dramatic for the DR-null mutant  lines (Fig. 2, type 3), which 
have lost the entire opposite HLA haplotype. All five of these lines have lost reactivity 
with a monoclonal antibody detecting one class of Ia molecules (including HLA-DR) 
but retain reactivity with ILR1. Thus, the ILR1 reactive molecule that was previously 
shown to be distinct from DR immunochemically (18, 26), is shown by these studies 
to be controlled by a locus distinct from those controlling HLA-DR.  

Discussion 

Three lines of evidence presented in this report indicate that the ILR1 antibody 
binds to some alleles of the SB molecule: (a) the polymorphism of ILRl-react ivi ty  
correlates with SB2 and SB3 antigens in the population; (b) T cell proliferative 
response to SB2 and SB3 are specifically inhibited by ILR1; and (c) the expression of 
ILR1 is exactly concordant with the expression of SB2 in a panel of HLA deletion 
mutant  LCL. 

The studies of antibody inhibition are taken to indicate that ILRl-react ive mole- 
cules per se are responsible for inducing SB2- and SB3-specific proliferation. The 
simplest mechanism for explaining the observed inhibition is antibody-mediated steric 
hindrance of interaction between the T cells and the SB molecule. This seems more 
plausible than other possible mechanisms, such as one by which ILR1 could induce 
suppression. This is conceivable, but no experimental evidence has been found for 
suppression in this system (S. Shaw, unpublished observations), and this inhibition 
differs in two important ways from the suppression-induction previously reported (35) 
for anti-Ia antibodies: it is antigen-specific, and the inhibition is observed in a 
secondary rather than a primary response. It is also possible that the ILRl-react ive  
molecule is distinct from SB but has a unique steric relationship to SB which accounts 
for the inhibition. This is an unattractive hypothesis as this postulated molecule 
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would also have to (a) have a polymorphism in the population indistinguishable from 
that of SB (to explain the population association); (b) be controlled by a locus located 
close to SB (to explain the mutant  data); and (¢) have a unique relationship on the 
cell surface with SB2 and SB3 but not, for example, with SB1 or DR2 (because 
concurrent responses to those antigens on the same cell are not inhibited). 

Thus, several lines of evidence indicate that ILR 1 binds to an epitope on the SB2 
and the SB3 molecules. In addition, the results of population studies in this report, 
when combined with those previously published (18), demonstrate a correlation 
between DR5 and ILR1 reactivity (P < 0.004, Fisher's exact test) that retains 
statistical significance (P < 0.05) even after correction for the number  of  antigens 
analyzed. Several other lines of evidence support the conclusion that ILR1 binds to 
DR5 but to no other allotypic forms of HLA-DR (C. Hurley and S. Shaw, manuscript 
in preparation). Thus, ILR1 appears to bind SB2, SB3, and DRS. There are six 
donors, however (Fig. 1), whose cells bind ILR1 despite the fact that they do ~ not 
express SB2, SB3, and DRS. This could indicate that ILR1 binds not only to some 
DR molecules and some SB molecules, but also to some products of  another gene. 
There is no need to postulate involvement of  a third gene product, though; because 
all six donors with unexplained ILR1 reactivity have at least one undefined SB allele, 
they may express another allotypic form of the SB molecule (e.g., a future SB6 or 
SB7) that also binds ILR1. This hypothesis is consistent with emerging evidence for 
a new SB allele that is crossreactive with SB4 but that, unlike SB4, binds ILR1 (S. 
Shaw, unpublished observations). 

Thus, the ILRl-b inding  epitope appears to be shared by some SB and DR 
molecules. Monoclonal antibodies have identified polymorphic epitopes shared by 
distinct but homologous murine Ia molecules: IA and IE (36). The sharing of such an 
epitope between DR and SB would appear  to reflect extensive homology between 
these two distinct gene products. Another study of monoclonal ant ibody inhibition of 
proliferation also suggests that SB and DR share serologically defined determinants, a 
In that study, some monoclonal antibodies specific for monomorphic epitopes on 
human Ia molecules were able to inhibit proliferation of T cells specific for all HLA- 
DR and SB determinants tested. Data  from these two studies are consistent with the 
hypothesis proposed previously (22) that SB and DR genes are derived from duplica- 
tion of an ancestral gene(s). 

Although ILR 1 is not exclusively SB specific, data indicate that I L R  1 can be used 
to identify SB molecules in informative donors; i.e., that are positive for SB2 or SB3 
but negative for DRS. Such an approach is subject to the caveat that ILR1, like all 
other monoclonal antibodies, may also bind other unidentified gene products. Previous 
immunochemical studies (18, 26) on cells now known to be informative for ILR1 
binding to SB indicate that ILR1 precipitates a glycoprotein composed of two 
polypeptide chains with molecular weights of 29,000 and 34,000. Preliminary results 
of  further structural studies of the ILRl-react ive  molecule indicate that it has an 
alpha chain amino acid sequence that is similar or identical to the H L A - D R  alpha 
chain, but has a novel beta chain (C. Hurley and J. D. Capra,  personal communica- 
tion). These results support the hypothesis that SB molecules are typical Ia-like 

a G. Pawalec, S. Shaw, A. Ziegler, C. Muller, and P. Wernet. Differential inhibition of HLA-DR- or SB- 
directed secondary lymphoproliferative responses with monoclonal antibodies detecting human Ia-like 
determinants.]. Immunol. In press. 
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molecules, as proposed previously (22) on the basis of the function of SB determinants 
in allogeneic T cell responses and their tissue distribution. The only approach that 
can demonstrate with certainty that the functions of the SB antigens are served by 
epitopes on Ia-like molecules is the direct demonstration of SB-specific responses to 
those molecules after their isolation and purification. 

The availability of a serological reagent to define SB2 and SB3 antigens in 
informative donors allows refinement of the previous conclusions on the tissue 
distribution of the SB determinants implied in studies of target cell susceptibility to 
cell-mediated lysis (22). In such donors, the ILRl-reaetive molecule was serologically 
identifiable on peripheral B cells, macrophages, and particularly well on B cell LCL, 
but not on resting T cells (26). ILR1 studies resolve an uncertainty of cellular studies 
by demonstrating that activated T cells express SB antigen, as they do DR antigens 
(37, 38), 

Studies on the mutant cell lines corroborate the close genetic relationship between 
ILR1 reactivity and SB expression--i.e., that, so far, they are indistinguishable. Those 
studies also provide direct serologic confirmation that there are two HLA regions 
centromeric to HLA-B that control expression of Ia-like molecules. This had been 
suggested by family studies of alloantisera (7, 21) and can be inferred from family 
studies using cellular typing techniques (24, 27, 28). Mapping of the loci controlling 
expression of these Ia-like antigens is facilitated by the mutants. Because ILR1 
reactivity is preserved in mutants that have lost expression of genes in the HLA-A/DR 
segment (the type 1 mutants), the gene controlling its polymorphism does not map to 
that region. Because polymorphism of ILR1 has been previously mapped to the HLA- 
DR side of a HLA-B/DR recombination (18), ILR 1 reactivity appears to be controlled 
by a least one gene that maps centromeric to HLA-DR. Thus, in the region bounded 
by HLA-B and GLO (often referred to by the vague term D region), there is a 
subregion toward HLA-B including a locus that controls expression of HLA-DR 
(defined serologically by alloantisera and monoclonal antibodies L243 and I2), and 
a subregion toward GLO that includes a locus that controls expression of SB (defined 
serologically by monoclonal antibody ILR1). Mutagenesis of LCL promises to con- 
tinue as a powerful tool in dissecting out the genetics of HLA, as there is already 
preliminary evidence for serological and cellular definition of products of genes 
mapping to a third subregion of this genetic segment (HLA-B/GLO), which are 
expressed on some but not other mutants (R. Duquesnoy, F. H. Bach, and R. DeMars, 
unpublished observations). 

The existence of this antibody, which detects the SB molecule, resolves uncertainty 
as to whether the SB antigens are readily identifiable serologically. Concurrent with 
these studies, evidence is emerging that alloantisera can be identified that bind to 
HLA determinants highly associated in the population with SB polymorphism. 4 
Development of serological tools that identify the SB gene product will facilitate 
further studies of the biological relevance of this recently discovered human Ia-like 
gene product. 

S u m m a r y  

The secondary B cell (SB) antigens are polymorphic HLA-linked antigens on 
human B cells and macrophages that are identified by primed T cell responses but 

4 A. Van Leeuwen, A. Termijtelen, S. Shaw, and J. j .  Van Rood. The  recognition of a polymorphic 
monocyte antigen in HLA. Manuscript submitted for publication. 
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are genetically distinct from the H L A - D R ,  MB, and M T  antigens. Serologic identi- 
fication o f  the SB molecule, using the rnonoclonal an t ibody ILR1,  now makes it 
possible to correlate the function of  these determinants  in h u m a n  T cell recognition 
with an Ia-like molecular structure and a genetic locus that  marks a new H L A  
subregion. Three  lines of  evidence indicate that  the ILR1 molecule identifies an 
epitope on some alleles of  the SB gene: (a) the polymorphism of  ILRl- reac t iv i ty  in 
the populat ion correlates with SB2, SB3; (b) T cell proliferative response to SB2 and  
SB3 are specifically inhibited by I L R  1; and (c) I L R  1 reactivity is exactly concordant  
with the expression of  SB2 in a panel o f  HLA-delet ion mutan t  lymphoblas toid  cell 
lines. Together  with previous studies, these results indicate that  the SB antigens are 
on Ia-like molecules. Furthermore,  the serologic studies o f  HLA-delet ion mutan t  cell 
lines demonstrate  that there are two H L A  regions centromeric to HLA-B controll ing 
expression of  Ia-like molecules: a region toward HLA-B that  controls expression of  
H L A - D R ,  and a region toward G L O  that  controls expression of  SB. 
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