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Nef and dass 11 MHC (13). Because HIV 
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MI. it is plausible that HIV provokes an 

Anti-HIV and Anti-Anti-MHC Antibodies in 
Alloimmune and Autoimmune Mice 

immune response that includes an antidass 
11 MI (anti-MI) component. MI and anti-MI 
resvonses are bv definition directed a&st a 

each other, so FkI and anti-MI lymphocytes 
could be stimulated by each other. Hence, an 
MI response to allogeneic cells could syner- 
gize with an anti-MI response to HIV (7). 

TRACY A. KION AND GEOFFREY W. HOFFMANN* Helper T cells have variable (V) regions 
that are selected to be weakly anti-self class 

Alloimmune mice (mice that have been exwsed to cells &om another murine strain) I1 MHC. We have describid an idiomic , L 

were shown to m&e antibodies against 6120 and p24 of human immunodeficienj network model in which suppressor T cells 
virus (HIV), and mice of the autoimmune strains MRL-lpr/lpr and MRL-+I+ made recognize and regulate helper T cells by 
antibodies against gp120. This is surprising because the mice were not exposed to means of their V regions; these T cells have 
HIV. Furthermore, anti-anti-MHC antibodies (molecules that have shapes similar to receptors with dass 11 MI determinants (14). 
those of major histocompatibility complex molecules) were detected in both alloim- The MI response to allogeneic cells and the 
mune sera and MRL mice. These results are discussed in the context of a possible role anti-MI response to HIV could also be direct- 
for allogeneic stimuli in the pathogenesis of acquired immunodeficiency ~ -~drome,  as ed against &-MHc idiotypic determinants 
suggested by an idiotypic network model. of helper T cells and MI idiotypic determi- 

nants on suppressor T cells, respectively, and 
m HE FUNCTIONAL DISRUPTION OF way that causes the collapse of the immune this dual attack could lead to'the eventual 

1 the immune system in acquired im- system. collapse of the normal self-stabilizing system. 
munodeficiency syndrome (AIDS) is Two separable dasses of specific antibod- We considered the possibility that the 

incompletely understood and may involve ies can be detected in allbimmune sera, image of MHC might be conseked across 
auto&unity (1). Shearer suggested a pos- namely anti-foreign and anti-anti-self (8). species, even though CD4, which has com- 
sible role for allogeneic cells (cells from Anti-anti-self antibodies are made in re- plementarity to class 11 MHC is not con- 
another individual) in AIDS pathogenesis sponse to foreign idiotypes that recognize served between mice and humans with re- 
on the basis of similarities between AIDS selfMHC and may have MHC-image (MI) spect to its ability to bind gp120 of HIV. 
and graft-versus-host disease (2). Exposure activity, as determined by their ability to HIV gp120 binds to human CD4 but not 
to allogeneic cells can occur when individu- completely inhibit cytotoxicity mediated by mouse CD4. If the MI is at least partly 
als are-exposed to foreign lymphocytes in pol~lonal doantisera (8). TI& component conserved, alloimmune mice could make 
blood transfusions or ejaculates. %iegler and 
Stites (3) and Andrieu and co-workers (4) 
formulated an idiotypic network model for 
HIV in which it is suggested that gp120 of 
HIV may cross-react with dass I1 MHC 
molecules, and an anti-idiotypic component 
of an immune response to gp120 could 
cross-react with the CD4 molecules on help- 
er T cells. Such ideas are supported by the 
findings that large quantities of antigen- 

of immunity to allogeneic lymphocytes may 
be related to immunity induced to HIV, 
because the envelope protein of HIV 
(gp160) has a shape that may be partly MI. 
One of its components (gp120) binds to 
CD4 at a site that overlaps with the site 
where CD4 interacts with class I1 MHC (9, 
lo), and there is also cross-reactivity be- 
tween the other component (gp41) and dass 

anti-MI antibodies that react with gp120. 
We raised alloirnmune sera in pairs of strains 
of mice by repeated reciprocal immuniza- 
tions with lymphoid cells. In agreement 
with previous work (8), the alloimmune sera 
were found to contain MI antibodies (15). 
These sera also contain antibodies to gp120 
and p24 (Fig. 1, A and B). Similar results 
were obtained with all eight hyperimmune 

mimicking antibodies can be produced in 
ordinary immune responses (S), and many 0.8 0.8 

antibodies have both anti-idiotypic and an- 
tigen-specific activity (6) .  We formulated an 0.6 0.6 

autoimmunity model of AIDS pathogenesis 
0.4 0.4 

that involves two immune responses, name- 
ly the immune response to HIV and an 0.2 0.2 

immune response to allogeneic stimuli (7). ~ 1 ~ .  1. htibodies to gp120 
The two responses indude components that (A) and p24 (B) were deteaed 8 O.O 0.0 

are directed against each other, and these in B6 antiCBA and CB* anti- - 1.6 1 .o 
responses are postulated to synergize in a ~ $ $ ~ ~ , " ~ t ~ ~ , "  Ef 0.8 

Antibodies to gp120 were also 0.6 
deteaed in the sera of M U -  0.8 

T. A. Kion, Department of Microbiology, University of br/br ,,.,ice (c) (white bars) 0.4 
British Columbia, Vancouver, BC, Canada V6T 1W5. 
G. W. HofFmann, Departments of Microbiology and and in MU-+1+ mice (D) 0.4 0.2 
Physics, University of British Columbia, Vancouver, BC, (white bars) but in age- 
Canada, V6T 1W5. matched CBA controls (hatched 0.0 0.0 

bars) (17). A405, absorbance at 2 4 6 6 12 18 
*To whom correspondence should be addressed. 405 nm. Age of mice (months) Age of mice (months) 
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Dllutlon of inhibitory sera 
Fig. 2. Anti-anti-self MHC antibodies (putative MI) in MU-lpr/lpr sera inhibit anti-H-2' antibody 
plus complement-mediated cytotoxicity. (A) Sera from 2-month-old MU-lpr/lpr mice specifically 
inhibit killing of CBA lymph node cells by BALB/c anti-CBA sera ( 0 )  and killing of B1O.BR cells by 
B10.D2 anti-B1O.BR sera (anti-H-2') (0).  The same sera do not inhibit killing of BALB/c cells by 
CBA anti-BALB/c sera (A). (B) Inhibition of BALB/c anti-CBA cytotoxicity by sera from 2-month-old 
MU-lpr/lpr mice both before (A) and after absorption of the sera with normal CBA ( 0 )  or BALB/c 
(0) immunoglobulin indicates that the inhibition is not caused by rheumatoid factor. Sera from 
1-month-old MRL-lpr/lpr mice (W) and sera from 2-month-old MU-lpr/lpr mice absorbed with rabbit 
anti-mouse Ig (A) are not inhibitory (19). 

mouse alloantisera we tested, namely 
C57BL/6 (B6) anti-CBA, CBA anti-B6, 
BALB/c anti-B6, B6 anti-BALB/c, C3H an- 
ti-C3H.SW, C3H.SW anti-C3H, B10 anti- 
BlO.BR, and B1O.BR anti-B10 (15). 

The detection of antibodies to p24 in 
alloimmune sera was completely unexpect- 
ed. Taken together with the similarity be- 
tween gp120 and class I1 MHC (9, 12), the 
cross-reaction of gp41 and class I1 (1 1 ), and 
the homology between Nef and class I1 
MHC (13), this observation suggests that 
there has been evolutionary pressure for 
HIV antigens to be MI. The presence of 
antibodies to p24 and gp120 in alloantisera 
supports the idea that there can be synergy 
between allogeneic stimulation and stimula- 
tion by HIV. 

MRL-lpr/lpr mice die at about age 6 
months from a progressive autoimmune dis- 
ease and are considered to be a model of 

the human disease systemic lupus erythema- 
tosus (SLE). MRL-+/+ mice suffer from a 
milder form of the disease and live to about 
18 months. Kaye has listed 31 clinical and 
serological features that are common to SLE 
and HIV infection (16). It is thus plausible 
that the mechanisms of pathogenesis are 
related, even though SLE occurs spontane- 
ously and AIDS is provoked by HIV. We 
tested MU-lpr/lpr and M U - + / +  mice for 
the presence of MI and anti-HIV antibod- 
ies. An enzyme-linked immunosorbent assay 
(ELISA) experiment (17) indicated that 
these mice spontaneously make anti-gpl20 
antibodies, which we interpret as anti-MI 
(Fig. 1, C and D). In a titration experiment 
with pooled sera, we were unable to detect 
antibodies to p24 in MRL-lpr/lpr or 
M U - + / +  mice (15). This latter result is a 
negative control, consistent with the idea 
that anti-gpl2O activity is due to specific 

Dilutlon of sera on plate 

Fig. 3. Anti-anti-MHC antibodies in the sera of MU-lpr/lpr autoimmune mice detected by ELISA 
with monoclonal a11ti-H-2~ antibodies. Anti-anti-class I and anti-anti-class I1 antibodies are seen in 
2-month-old MU-lpr/lpr (A) and 12-month-old M U - + / +  (B) mice. MU-lpr/lpr and M U - + / +  
sera showed reactivity to anti-I-Ak (W) and a n t i - ~ - 2 ~ ' ~ ~  (e) monoclonal antibodies, but not to 
anti-I-A' (O) ,  anti-H-2K6Db (O), anti-Vp, (A), and anti-p-2-6-linked-fructosan (A) IgG2a mono- 
clonal antibodies (20). 

antibodies. The specificity of these anti- 
bodies was confirmed in an inhibition ex- 
periment (18). Free gp120 (2.5 yg/ml) 
added to the ELISA assay gave 82.8 + 
0.7% (mean + SEM, n = 5) inhibition of 
the signal for antibodies from MRL-lpr/lpr 
mice binding to gp120, whereas the same 
concentration of p24 gave 0.5 + 6.4% (n 
= 5) inhibition. Similar results were ob- 
tained for the antibodies to gp120 in 
M U - + / +  mice, namely 78.5 + 6.5% (n 
= 5) inhibition by gp120, compared with 
1.8 + 5.8% (n = 5) inhibition by the same 
amount of p24. 

Anti-anti-self (putative MI) antibodies 
were also detected in the sera of MRL mice. 
Sera from 2-month-old MU-lpr/lpr mice 
(H-2k) inhibited BALB/c anti-CBA and 
B10 anti-B1O.BR (anti-H-2&) but not CBA 
anti-BALB/c cytotoxicity (Fig. 2A). We 
concluded that the inhibiting activity was 
caused by an antibody because it was ab- 
sorbed out with rabbit anti-mouse immu- 
noglobulin (Ig) (Fig. 2B). Furthermore, 
the inhibiting activity was not caused by 
rheumatoid factor; the activity is specific 
for anti-H-2& (Figs. 2A and 3) and is not 
absorbed out by BALB/c Ig or CBA Ig 
(Fig. 2B). 

Anti-anti-self MHC antibodies were also 
detected in MRL-lpr/lpr and M U - + / +  
sera by means of &I ELISA assay with 
monoclonal antibodies to H-2 (Fig. 3). Re- 
activity was detected with the V regions of 
both anti-I-Ak and anti-H-2Kk Dk mono- 
clonal antibodies with anti-I-Ab, anti-H- 
2KbDb, anti-Vp,, and anti-p-2-6-linked- 
fructosan as negative controls. All of these 
monoclonals are IgG2a antibodies. Specific 
reactivity at a dilution of greater than 1 in 
lo4 was seen against both anti-class I and 
anti-class I1 monoclonals directed against 
the k haplotype, with anti-anti-class I1 re- 
activity stronger than anti-antixlass I reac- 
tivity. We tested five anti-H-2k monoclonal 
antibodies in this assay and observed anti- 
anti-H-2k reactivity with four of them. The 
one that had no reactivity was an anti-I-Ek 
monoclonal (15). 

We conclude that both anti-anti-MHC 
(presumably MI) and anti-gpl2O (that can 
be interpreted as being anti-MI) are found 
in both alloimmunity and autoimmunity. 
The inherent instability in the immune sys- 
tem of MRL-lpr/lpr and M U - + / +  mice 
that leads to autoimmunity thus occurs to- 
gether with presumptive MI and anti-MI 
antibodies. This supports an MI-anti-MI 
model of pathogenesis for these autoim- 
mune mice. The presence of both kinds of 
antibodies in alloirnmune mice also supports 
the idea of synergy between immune re- 
sponse to allogeneic cells and HIV antigenic 
stimuli, as postulated (7). 
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Specific DNA Binding by c-Myb: Evidence for a 
Double Helix-Turn-Helix-Related Motif 

The c-Myb protein is a sequence-specific DNA binding protein that activates transcrip- 
tion in hematopoietic cells. Three imperfect repeats (R,, R2, and R3) that contain 
regularly spaced tryptophan residues form the DNA binding domain of c-Myb. A 
fragment of c-Myb that contained the R2 and R3 regions bound specifically to a DNA 
sequence recognized by c-Myb plus ten additional base pairs at the 3' end of the 
element. The R2R3 h a p e n t  was predicted to contain two consecutive helix-turn-helix 
(HTH) motifs with unconventional turns. Mutagenesis of amino acids in R2R3 at 
positions that correspond to DNA-contacting amino acids in other HTH-containing 
proteins abolished specific DNA binding without affecting nonspecific DNA inter- 
actions. 

T HE C-MYB NUCLEAR ON COP ROTE^ 

is a transcriptional activator whose 
expression is linked to the differenti- 

ation state of hematopoietic cells (1, 2). The 
c-Myb protein functions in expression of 
mim-1, c-myc, cdc2, and the gene that en- 
codes DNA polymerase a (3). It also acti- 
vates transcription from the human imrnu- 
nodeficiency virus-1 long terminal repeat 
(4). Oncogenic activation of c-my& can occur 
when truncated versions of c-Myb are ex- 
pressed that give rise to versions that lack 
either an NH2-terminal phosphorylation 
site that regulates specific DNA binding (5) 
or a COOH-terminal trans-repressor do- 
main (1). In addition, point mutations in 
the DNA binding domain can impose alter- 
native differentiation phenotypes on trans- 
formed myeloid cells (6). The DNA binding 
domain is located near the NH2-terminus 
and is composed of three highly conserved, 

imperfect 51- or 52-residue repeats (desig- 
nated R,, R2, and R,); only R2 and R, are 
required for sequence-specific DNA binding 
(7, 8). Each repeat contains three regularly 
spaced tryptophans that are important for 
maintaining an active DNA binding struc- 
ture (9, 10). In order to examine the mini- 
mal DNA binding domain, we engineered a 
312-bp region of chicken c-myb (11) that 
encoded the R2R3 domain by the polyrner- 
ase chain reaction (PCR) for expression in 
Escheruhia coli (12). The R2R3 recombinant 
polypeptide was purified to near homogene- 
ity (13) for use in the studies. 

We used the electrophoretic mobility shift 
assay (14) to monitor DNA binding to an 
oligonucleotide that contained two Myb 
recognition elements (2xMRE-probe). Two 
complexes .(C1 and C2) were. observed (.Fig. 
1A) in a proportion that was dependent on 
the protein-to-DNA ratio. When increasing 
amounts of protein were added, complex C1 

0. S. Gabrielsen and P. Fromageot, Laboratoire d'In- was formed first, foflowed by C2, which was 
gknikrie des Protkines, Centre d'Etudes de Saclay, 91191 the predominant complex at high protein- 
Gif-sur-Yvette Cedex, France. 
A. Sentenac. Senice de Biochimie et Gknktiaue Molk- to-DNA ratios. C~mpetition with specific 
culaire, Cenhe dlEtudes de Saclay, 91 19 1  if-iur-~vette and nonspecific oligbnucleotides 
Cedex, France. 

that both complexes are specific (15). These 
*To whom correspondence should be addressed. results demonstrate that R2R3 is sufficient 
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