Diverse Repertoire of the MHC Class II-Peptide Complexes Is
Required for Presentation of Viral Superantigens
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Among other features, peptides affect MHC class Il molecules, causing changes in the binding of bacterial superantigens (b-Sag).
Whether peptides can alter binding of viral superantigens (v-Sag) to MHC class Il was not known. Here we addressed the question
of whether mutations limiting the diversity of peptides bound by the MHC class Il molecules influenced the presentation of v-Sag
and, subsequently, the life cycle of the mouse mammary tumor virus (MMTYV). T cells reactive to v-Sag were found in mice lacking
DM molecules as well as in AEp-transgenic mice in which MHC class Il binding grooves were predominantly occupied by an
invariant chain fragment or E «®?~%®peptide, respectively. APCs from the mutant mice failed to present v-Sag, as determined by
the lack of Sag-specific T cell activation, Sag-induced T cell deletion, and by the aborted MMTV infection. In contrast, mice that
express |-A° with a variety of bound peptides presented v-Sag and were susceptible to MMTV infection. Comparison of v-Sag and
b-Sag presentation by the same mutant cells suggested that presentation of v-Sag had requirements similar to that for presentation
of toxic shock syndrome toxin-1. Thus, MHC class Il peptide repertoire is critical for recognition of v-Sag by the T cells and affects
the outcome of infection with a retrovirus. The Journal of Immunology,2001, 166: 2244 —-2250.

without which these molecules aggregate and get deno T cell activation, no infection of mammary epithelium, and no

graded. The tertiary complex between peptide andnd  viral transmission to the progeny via milk (10, 11). Sags that are
B-chains of the MHC is seen by the TCR as a single entity. Thepresent in the germline cause deletion of the Sag-reactive T cell
nature of a peptide modifies the complexes in such a way thasubsets during formation of the immune repertoire (14). The MHC
the overall conformation of the MHC molecule is changed. Theclass Il isotype and allotype matters for v-Sag presentation: I-E
changes in conformation could be estimated by determinatiommolecules are more efficient than I-A (14) and among I-A allotypes
of SDS stability and hydrophobicity (1-5) and by mAb binding there is a hierarchy of v-Sag presentation (14, 15). As a result,
(6-9). mice lacking Sag-cognate T cells (10, 11) or animals with inap-

MHC class Il molecules are also critical for presentation of su-propriate MHC alleles (16) are either completely protected from,
perantigens (Sad)which are protein products of bacterial (b-Sag) or are relatively resistant to, MMTV infection.
or viral (v-Sag) origin. Sag are able to activate large numbers of T Whether v-Sag presentation by a given MHC molecule depends
cells bearing TCR3-chains that interact with Sag-MHC class Il on the nature of a bound peptide was unknown. Targeted disrup-
complexes. For exogenous mouse mammary tumor virus (MMTVtion of genes involved in MHC class Il Ag presentation (DM, Refs.
the Sag presentation is an absolutely critical step in its life cyclel7-19 and invariant chain (li), Ref. 20), as well as generation of
(10, 11). Cells of the immune system are the first targets of thigmice expressing single MHC-peptide complexes (21), allowed the
virus (12). The infected B cells present v-Sag in the context ofstudies of the importance of the peptide repertoire limitation for T
MHC class Il molecules to T cells, leading to stimulation and cell selection. Here, taking advantage of the array of animals with
consequent proliferation of specifigdvbearing T cells (13). These altered peptide presentation we address a specific question whether
events result in viral amplification and transport to the mammaryqualitative differences between MHC class Il complexes affect pre-
sentation of v-Sag.

Peptides constitute an integral part of the MHC proteins glands. Without recognition of v-Sag by cognate T cells, there is
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Mtv7 -/~ mice, and by FACS analysis to identify®Bp-transgenic and  without Mtv7 and DM molecules. Deletion of T cells expressing cog-
nontransgenic mice. nate B-chains (\36) was used as a read-out. Should v-Sag be pre-
Superantigens sented normally, the cognate T cells should be deleted. As expected

bos hased from Toxin Technology (S ta, FL). A mixt all DM-sufficient Mtv7* N, mice have deleted 6% T cells (Fig.

-Sag were purchased trom [oxin lechnology arasota, . mixturs _ . o . .

of three exogenous MMTVs (BALB2, BALBLA, and BALB14; Ref. 23) “1A). In contrast, none of DM-negativdtv7 mice showed deletion
was a gift from Dr. Isabele Piazzon (Instituto de Investigaciones HematoOf Sag cognate T cells, even though expression of this provirus could
logicas, Buenos Aires, Argentina). These viruses were passed on BALB/cBe easily detected in the spleens of these middtvy-specific RNase

mice (called BALB/cLA throughout). ; ;
RNase T protection assays were performed as previously describedT:L protection assay (FigA.

(24), using BALBLA/(Mtv7)-specific probe (22). RNA was isolated from

milk of mice after the second pregnancy by the method of Chirgwin et al.

(25), and 5ug was used per assay. The same probe was used to test

expression oMtv7 in spleens. Forty micrograms of total RNA isolated

from spleens was used for this analysis. X-ray film exposure was standar A

(12 h) in all experiments.

=
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T cell activation #1 2603 (4) 204 T
CD4" T cells were purified from lymph nodes by treatment with mAbs 4 10.6 + 1.3 (3) 2
against MHC class Il (Y3JP) (26) and 25-9-17 (27), and anti-CD8 (53- 8 15
6.72) (28) for 45 min at 4°C (IOcells per ml of culture supernatant)  #3 10.4£0.6 (6) ,‘:
followed by negative selection with the mixture of magnetic beads (anti- 2 101
mouse IgG, anti-mouse IgM, anti-rat IgG) from PerSeptive Biosystems #4 1.0£1.0(3) O
(Framingham, MA) according to manufacturer’s protocol. Sag-presenting N S
cells were 2000 rad irradiated, T cell-depleted spleen cells (for b-Sag), ol s 43 44
nonfractionated splenocytes (for v-Sag). For T cell depletion a mixture of

anti-CD8 and anti-CD4 (GK1.5) (29) mAbs was used, followed by treat- M7 _ - e

ment with anti-rat |g magnetic beads. RNA
Proliferation of CD4 T cells in response to b-Sag was measured by X

[*H]thymidine incorporation after 3 days of cocultivation 062 10° pu- Virus

rified B6 CD4" cells with 3—4x 10° irradiated (2000 rad), T cell-depleted

splenocytes and variable amounts of b-Sag in 96-well plates (Becton Dick:

inson, Lincoln Park, NJ) in the total volume of 1%0. Culture medium

was Click's Eagle’s Hank’s Amino Acids Medium (Irvine Scientific, Santa

Ana, CA) supplemented with 5% FCS (Sigma, St. Louis, MO), 20 mM

L-glutamine (Life Technologies, Grand Island, NY),>5610 °> M 2-ME C

(Bio-Rad, Richmond, CA), and 100 U/ml penicillin/streptomycin mixture

(Life Technologies). Stimulation index (Sl) was calculated as follows:

:‘Ei
2 2
-+

+ DM~

Sl = (a — b)/(c — d), wherea = counts in response to Sag in an exper- 40 B6 EDI.LP)

iment,c = counts in response to Sag presented by MHC class Il KO APCs, ’

andb andd = counts in the same respective cultures without Sag. T oLpi
Proliferation of T cells bearing specific TCB-chains in response to » 30 @

v-Sag was estimated by FACS analysis of cells obtained from 3-day co- § 3

culture of 2-3x 10° purified CD4" T cells from B6 or mutant mice with = 20 )

5 X 10° irradiated stimulator splenocytes in 24-well plates (Becton + *'5

Dickinson). é @)

< 10+ ®

Virus isolation w10 T

Milk collected from MMTV-free or MMTV-infected BALB/c mice was o

diluted 1:10 with PBS and centrifuged at 680y for 15 min. Skim fraction veet VB4t

of milk was centrifuged at 129,008 g for 1 h, and pellets containing viral
particles were resuspended in PBS. Fifty microliters of the original milk FIGURE 1. DM KO mice fail to present endogenous)(@and exogenous
volume was injected into footpads as previously described (22, 30). Afte(B) v-Sag but have functional v-Sag-reactive T ceG3. @, Mtv7" DM KO
4 days, cells from popliteal lymph nodes were stained with anti-CD4 andmice do not delete v-Sag-reactive8§" T cells. Four groups (1-4) of
anti-Vg6 mAb and analyzed by FACS. animals differing inMtv7 and DM expression were analyzed for the pres-
ence of \B6" cells among peripheral COD4T cells. Data shown as mean
percentaget SE.n, number of mice used per groupottom Expression
Anti-TCR VB mAbs coupled with FITC were obtained from PharMin- of endogenouMtv7 by splenocytes from the four groups of analyzed mice
gen (San Diego, CA). Anti-CD4 mAbs coupled to PE were purchaseddetected by RNase, protection assay with thétv7 Sag-specific probes,
from Sigma. FACS analysis was performed using a FACScan flow cy-No response to v-Sag could be elicited in DM KO mice upon MMTV
tometer (Becton Dickinson, Mountain View, CA) and CellQuest soft- injection. Four days after footpad injection of MMTV-containing or
ware. MMTV-free milk, cells derived from popliteal lymph nodes were double-
. . stained with anti-CD4 PE and antigé FITC-labeled mAbs and analyzed
Results and DISCUSSIOI’] by FACS. Results are expressed as mean percentageg®f V cells
Lack of v-Sag presentation by DM KO cells within the CD4" subset+ SE.n = 6. C, Purified CD4 T cells from the
In DM KO mice most of class Il molecules are occupied by class 11"ild-type and DM KO mice responded Mtv7 v-Sag in vitro by selective
binding i peptide. This complex alters recognition df By alloge ~ amPlification of T cells bearingdtv7-reactive TCR (\867), but not of
neic T cells (17, 19) and affects T cell selection (31, 32). In the fOl_VB14 cells. Expression of TCB-chains was compared after stimulation

; ) with Mtv7*/* D1. LP/J andMitv7’~ LP/J splenocytes. B6 CDAT cells
lowing experiments we tested whether APCs of DM KO are CapablQ/\/ere used as positive control. The increase in frequency of ‘™Ip&*

of presenting the endogenous and exogenous v-Sag. To do that Wy i response to D1. LP/J vs LP/J cells among DM-negative ‘CTD4
first crosseditv7 '~ DM KO mice toMtv7*"" D1.LP/J (H-2) mice  celis was significanty( < 0.001). DM KO mice strongly respond to syn-
and then backcrossed hybrigfémales (tv7+/~) to DM KO males.  geneic I-# due to improper negative selection. Three B6 and six DM KO
TCR VB profile was analyzed in the \generation of mice with or  mice were used in two independent experiments.

mAbs and FACS analysis
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We also tested the anti-v-Sag-specific response of DM KO miceMHC peptide repertoire, the %p-transgenic animals expressing
to a mixture of exogenous MMTVs. Mice were injected with par- the single MHC class ll-peptide complex were unable to present
tially purified virus derived from BALB/cLA milk. BALB/cCLA  endogenous v-Sag to the T cells.
mice produce a complex of three viruses witi2/, VB14- and
V B6-specific Sag, respectively (22, 23). BALBLA virus encodes a
Sag with the same B specificity asMtv7, capable of interacting Next we sought to determine whethePEp-transgenic mice were
with both I-E and I-A MHC class Il molecules (22, 30). A signif- able to generate CD4T cells capable of v-Sag recognition. -Pu
icant increase in the percentage of CD¥B6" T cells was de  rified CD4" from APEp-transgenic and control li KO mice were
tected in the regional lymph nodes of DM-sufficient mice injected stimulated withMtv7*/* cells from D1.LP/J mice (Fig.B). CD4"
into foot pads with virus-containing milk compared with control T cells from both AREp-transgenic and |li KO mice recognized
mice injected with MMTV-free milk (Fig. B). In contrast, no T  v-Sag as determined by their ability to increase the percent of
cell-specific stimulation was observed in DM KO mice injected V6™ T cells after stimulation in vitro (Fig. B). In contrast, ac
with virus-containing milk (Fig. B). These results indicated that tivation with Mtv7 '~ LP/J cells did not show any increase in
APCs from DM KO mice failed to present exogenous and endogVV 36" subsets (Fig. B). Although this increase was consistent in
enous v-Sag. several experimentsp(= 0.0015), it was very small. That rela-
tively small increase was explained by a strong reactivity fo A
molecules with various peptides (21), which was obviously involv-
ing TCRs with diverse Y8-chain repertoire. To circumvent this
The lack of T cell deletion (Fig.A) or proliferation (Fig. B) in problem we used a pair of allogeneic H-gtrains CBA/J and
response to v-Sag could be explained by a lack of the proper thy€BA/CaJ, which are positive and negative Mtv7, respectively.
mic positive selection in DM KO mice. Thus, we tested the ability We expected that the frequency of cells responding to MHC class
of T cells from DM KO mice to react to v-Sag presented by DM- Il H-2% molecules would be lower and that we would be able to
sufficient APC. To determine whether CD4 cells from DM KO detect the anti-v-Sag response. In fact, in this case TD4ells
mice were able to recognize v-Sag, we tested their ability to indisolated from AEp-transgenic mice respondedNtiv7 v-Sag by
crease the proportion of cells with appropriate TCB-thains in  selective proliferation of the @6" cells, whereas proliferation to
response to an endogenous v-Sag in vitro. Purified CD4ells H-2* molecules was nonselective in terms o8 Usage (Fig. 2).
from DM KO and control B6 mice were cultured with irradiated It is unlikely that theMtv7 v-Sag in AEp mice elicits stronger
splenocytes fronMtv7-positive D1.LP/J (H-2) mice. T cells ex  response when complexed with the MHC class 'HeBmpared
pressing several Bs were expected to expand in reactioMty7, with MHC class Il H-? molecules because the response of control
including VB6™ T cells. After 3 days in culture the cells were B6 T cells to theMtv7 v-Sag presented by H<Zand H-2 MHC
stained with anti-\B mAbs. In two independent experiments, re- class Il molecules did not differ (FigsCland Z). It could have
sponding T cells have shown an increase in the percentage difeen a problem for another v-Sag, but it is very unlikely for such
VB6™* T cells after stimulation witiVitv7-expressing cells (Fig. a strong activator asltv7 v-Sag. Thus, CD% cells in A°Ep-trans
1C). At the same time the numbers of noncognat@l¥" cells genic mice are capable of reacting to v-Sag that is processed and
were not increased. In contrast, activation of the same cells witlpresented by normal APC with a diverse MHC-peptide repertoire.
Mtv7-negative splenocytes from LP/J mice did not cause any spe- . . . . .
cial increase in \86" T cell subsets. The relatively small increase EX09€n0us MMTV infection depends on diversity of peptides
in CD4" VB6™ T cells from DM KO mice is most likely due to presented by MHC class I
vigorous proliferation of T cells in response to MHC class A A MMTV life cycle is dependent on the v-Sag T cell activation, and
molecules. This is becausé-Aeactive cells are not deleted in DM  viruses that lack Sag sequences cannot propagate in vivo (35).
KO mice (18, 31). Thus, DM KO mice have T cells that can re- Having established that peptides bound to MHC class Il are im-
spond to the endogenous v-Sag. portant for presentation of endogenous MMTVs, we sought to de-
termine whether exogenous MMTVs could infect MHC class I
presentation mutants. Thus, we allowed DM KO and (B@.29/
APEp-transgenic mice express a singlB-geptide complex (21). J)F, control females to ingest infected milk from BALB/cLAfe
This complex is SDS stable and is recognized BEg-specific Ab  males and later analyzed their own milk for the presence of
YAe (33, 34). Furthermore, it is not recognized by an arftimdAb MMTVs. All three viruses could be readily detected in all milk
25-9-17 (8), suggesting a special conformation of MHC class Illsamples of (B6< 129)F, females but not in DM KO mice (Fig.
complexes imposed by the peptide. We sought to determin@A, data for the most abundant LA virus is shown).
whether APC from AEp-transgenic mice are capable of present We then applied the same strategy for infection of li KO and
ing endogenous v-Sag. The li KO mice were used as controls foAPEp-transgenic mice. li KO and%p animals were infected with
these experiments becaus8Ep-transgenic mice lacked li mele LA viruses by foster-nursing on BALB/CLA females. The control
cule (21). Both REp-transgenic mice and li KO mice have re li KO mice became infected and produced virus into the milk (Fig.
duced MHC class Il expression (20); however, i KO mice express3B). In contrast, there was no detectable virus in the milk SEp-

a diverse peptide repertoire (34).°Bp-transgenic mice were transgenic mice exposed to MMTV (FigBR Thus, even though
found to inherit and expreddtv7 (data not shown) contributed by T cells from mutant mice respond to v-Sag in vitro (Fig€. dnd

one of the embryonic stem cell donors during generation of thes@, B and C) they fail to do so in vivo due to a failure of Sag
mice (21). To determine whether®Bp-transgenic mice delete presentation leading to an aborted MMTYV infection.

CD4*VB6™ T cells whenMtv7 is present we generated”Bp- The failure to present v-Sag by mutant APC could not be at-
transgenic mice withou¥itv7 (seeMaterials and Methods None tributed to the differences in the amount of MHC class Il expressed
of the APEp-transgenic Mtv7*/~ mice have deleted their on the cell surface. The total class Il expression in the wild-type
CD4*"VB6™ T cells even though expression of the provirus could and DM KO mice is very similar (17-19). The level of MHC class
be easily detected in the spleens (Fig) and in lymph nodes (data Il in li KO and APEp-transgenic mice is below the levels of-ex
not shown) of these mice. Thus, like DM KO mice with limited pression of MHC class Il in the wild-type mice, but similar to each

T cells from REp mice are fully capable of recognizing a v-Sag

T cells from DM KO mice are fully capable of recognizing a
v-Sag

Lack of v-Sag presentation by’Btransgenic APC
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FIGURE 2. APEp-transgenic mice fail to present v-Sad) @lthough they harbor T cells capable of recognizingBtapd C). A, Mtv7*'*, APEp-
transgenic mice do not delete v-Sag-reactiygsV T cells.Mtv7*'* APEp-transgenic females were crossedity7 '~ MHC class Il KO and li KO males
to generate two groups (1 and 2) differingMiv7 provirus inheritanceRight Expression of endogenolétv7 by splenocytes from the analyzed groups
of mice. The presence of86" cells among peripheral T cells was determined by FACS analysis. Data are expressed as mean per&htagenumber
of mice usedB, T cells from AEp-transgenic mice respond ktv7 Sag presented by MHC class IPAnolecules. Purified CD4T cells from two AEp
and control li KO mice responded Mtv7 v-Sag in vitro by selective amplification dtv7-reactive \B6™ T cells after stimulation with D1.LP/Mtv7*'*)
splenocytes. Due to a high frequency di-reactive CD4 T cells in A°Ep-transgenic mice, the overexpansion of thg6V T cells was not impressive
compared with li KO control mice. However, the difference in VB cell response to D1.LP/J cells was statistically significanp(= 0.0015), whereas
the difference in activation of g14" T cells was not+x, p = 0.3). Three AEp-transgenic and three li KO mice were us€gdReactivity of Sag-cognate
T cells from A°Ep-transgenic mice was better revealed whMin7 Sag was presented by MHC class |l molecules of thetHdplotype. Purified CD%
T cells from both wild-type (B6) and ZEp mice responded tMtv7 Sag in vitro by a selective amplification of the T cells bearity7reactive 36"
TCR. V6 frequencies were compared after stimulation wittv7*/~ CBA/J andMtv7~/~ CBA/CaJ splenocytes (both H2 V314" CD4™ T cells were
used as negative control. Summarized data from four independent experiments.

other (21). In addition, the low total number of CD4 cells in B-chain) (38, 39), and binding to HisBlinvolves a Z&* ion.
those mutants could not be at fault, because li KO mice havéAnother b-Sag, SED also cross-links MHC class Il molecules us-
similar CD4" T cell numbers as DM KO mice (31). However, the ing Zr®* (40). In contrast, SEB has a single MHC binding site and
viral life cycle is complete in li KO mice but not in DM KO mice does not use Z (41-44). Toxic shock syndrome toxin-1
(Fig. 3). Furthermore, CD4-negative mice that have very few func{TSST-1) can bind Zfi" but does not require it to elicit T cell
tional non-CD8 T cells are susceptible to MMTYV infection (36). responses and uses a single site for binding MHC (45, 46).
Moreover, mice that had over 90% of v-Sag-responding T cells Such differences in binding properties of b-Sag would likely be
deleted due to transgenic expression of a v-Sag (10) were produdetected in MHC class Il presentation mutants. Therefore, we
ing detectable amounts of MMTV after two or more pregnanciescompared b-Sag-dependent activation of normal TD4 cells
(37). Thus, even practically invisible populations of v-Sag-reactivefrom B6 mice by T cell-depleted normal and mutant splenocytes.
T cells may promote MMTYV infection. In our experiments, all We readily observed the differences in proliferation of responding
MMTV-infected mice were analyzed after the second pregnancyCD4" T cells (Fig. 4. Some of our observations were in line with
and none of the mutant mice became MMTYV infected. Thus, qualthe previously published studies of b-Sag binding to MHC class Il
itative differences between MHC class Il complexes must be representation mutants (31, 47). However, to evaluate quantitatively
sponsible for the observed differences in the v-Sag presentationthe ability of mutants to present Sag, all of the mutants had to be
. ) » compared in the same experiment. Although the range of protein
Variable presentation of b-Sag by MHC class Il-positive cells  ,ncentrations that elicit maximal T cell activation varies for dif-
from mutant mice ferent b-Sag (nanogram range for TSST-1 and SEA, angd.0
The mode of v-Sag presentation by MHC class Il molecules couldange for SEB), the hierarchy of presentation of different b-Sag by
be better understood if compared with the presentation of b-Sag bthe mutants can be found. Results of the experiments shown in Fig.
MHC class ll-positive cells from wild-type and mutant mice. b- 4 revealed the rank of presentation of the three tested b-Sag by
Sag vary in the manner they bind MHC class Il molecules aswild-type and mutant APCs. It became clear that each Sag has its
demonstrated by analyses of Sag mutants and crystal structures @ivn pattern (Fig. 5). For example, presentation of TSST-1 is
Sag-MHC complexes. For instance, staphylococcal enterotoximveaker by li KO cells, but is much weaker by DM KO cells when
(SE)A binds MHC class Il at two sites (one @i and one on compared with the wild-type cells. In contrast, SEA is presented
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FIGURE 3. DM KO (A) and A°Ep-trangenic B) mice are resistant to
exogenous MMTYV infectionA, (129 X B6)F, DM-sufiicient females, but ol
not DM-negative females became infected with BALBLA virus when fos-
ter-nursed by infected BALB/cLA females (labeled as (22B6)F, LA 1 100
and DM KO LA, respectively). RNA isolated from milk of three individual 0?2 0t 100 el 102 02300 109 e 102
mice per group was subjected to RNasgprotection analysis. The full- Concentration

length protected band corresponds to exogenous MMTV RNA expressionFIGURE 4. b-Sag are presented differently by MHC class Il Ag pre-

(129 x BG)F_l and DM KO), RNA from the milk of unlnfectedbmlce. sentation mutants. Purified CD4T cells from B6 mice were stimulated in
Bottom Integrity of the RNA samples used for the ass@yli KO, A"Ep- . by b-Sag presented by T cell-depleted splenocytes from B6 and mu-
transgenic mice but not the control li KO mice are resistant to the €X091ant mice. PH]Thymidine incorporation was measured 72 h after aetiva
enous MMTV infection. The same RNasg firotection assay was used to tion. Vertical axis: S, calculated as follows: Si (a — b)/(c — d), where
detect the presence of MMTV in the milk of mutant mice fed with BALB/ _ _ ..y response to Sag= counts in response to Sag presented by
cLA milk. (I KO LA, B6 LA, and A"Ep LA), RNA from the milk of mice MHC class ll-negative splenocytes, abdandd = counts in the same

foster_—nursed on BALB_/CLA milk. B6, Milk RNA sample from uninfected respective cultures but without Sag. Horizontal axis: b-Sag concentration
B6 mice.Bottom Integrity of the RNA samples used for the assay. (TSST-1 and SEA, ng/ml; SEBsg/ml)

relatively well by DM KO cells, but poorly by REp-transgenic  plasma membrane is independent of class Il expression and that
cells. Our data indicates that v-Sag presentation resembles (but ike Sag-MHC complexes are formed on the cell surface (53, 54)
not identical to) the mode of presentation of TSST-1 than of othereven in solution without any accessory proteins (55). That is im-
b-Sag tested, suggesting that these two Sag may favor similgsortant, because different MHC-peptide complexes may have their
MHC class Il-peptide complexes for binding. Both SEA and own peculiarities of intracellular trafficking, which theoretically
TSST-1 have been previously shown to block M&'7 Sag-pep-  could affect the rate of v-Sag binding and presentation.

tides binding to MHC class Il in vitro. However, the concentra- That MHC class llI-bound peptides can influence the b-Sag pre-
tions of blocking b-Sag were #a.0* times higher than required sentation has been well documented (56-58), and MHC-binding
for T cell activation (48). The similar mode of presentation such asesidues within a peptide as well as the C terminus of the peptide
of TSST-1 and v-Sag does not necessarily imply that the two typehave the most influence on b-Sag binding (58). Two of MHC class
of Sag use exactly the same interaction sites on the MHC class Il

molecules (49).

How do MHC class Il variants affect Sag presentation? The SAg | WI' LiKO DMKO Abgp
most probable mechanism accounting for the Sag-presenting prop- TSST1 | 4ttt 44+ + e
erties is the change in affinity of interaction between MHC class Il

) . SEA b 4 +++ +
molecule and Sag. Such differences have been shown to influence
SEB 4+ ++ +

T cell activation quite dramatically; even a slight increase in
MHC-Sag interaction could compensate for a huge loss of TCR- VSAg |+ 4+ *

Sag interaction (50). .FIGURE 5. Patterns of v-Sag and b-Sag presentation by MHC class Il

b-Sag bind MHC on the cell surface and do not need any addiy ;" esentation mutants. The responses to individual b-Sag and v-Sag

tional processing. Presentation of v-Sag has been more enigmatigere ranked relative to maximal responses to the same stimuli in the wild-
since their discovery. MMTV Sag is believed to be a type Il pro- type (WT, B6) animals. The presentation of v-Sag mostly (but not com-
tein processed from a longer precursor (51, 52). Recent compellingletely) resembles the mode of presentation of TSST-INo detectable T
biochemical evidence suggests that v-Sag expression on thell deletion and MMTV infection.
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Il presentation mutants used in our study have peptide repertoireo.

limited to either a single peptide P&Ep) or to almost completely a

single peptide (class Il binding li peptide in DM KO mice). Itis 23,

likely that peptides influence v-Sag binding indirectly by inducing

MHC class Il conformations that either do or do not favor v-SagZZ'

binding. However, the direct involvement of peptide residues in
v-Sag binding cannot be excluded. Either way, the presentation of

v-Sag (as well as the outcome of the retroviral infection) appear§

to be sensitive to the nature of the MHC-peptide complexes.

24,
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