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Recognition of polymorphic  determinants  on class 
I or class 11 MHC Ag is required  for T lymphocyte 
responses.  Using  cell-size  artificial  membranes 
(pseudocytes) bearing H-2 class I Ag it is demon- 
strated  that T cells can, in addition,  recognize  non- 
polymorphic  determinants  on class I proteins. Pseu- 
docytes bearing class I alloantigen  stimulate  in vitro 
generation  of  secondary  allogeneic CTL responses. 
At a suboptimal  alloantigen  surface  density,  incor- 
poration  of class I molecules  identical  to those of 
the  responder cells (self-H-2) or  from  third-party 
cells resulted  in  dramatically  enhanced  responses, 
whereas  incorporation  of class Il proteins  had  no 
effect.  The  receptor that mediates  recognition  of 
conserved class I determinants has not been iden- 
tified,  but  results  of  antibody  blocking  studies  are 
consistent  with  the Lyt-2/3 complex of CTL having 
this  role. Thus, class I proteins  on Ag-bearing cells 
can  have  two  distinct  roles  in T cell  activation,  one 
involving  recognition  of  polymorphic  determinants 
by the Ag-specific  receptor  and  the  other  involving 
recognition  of  conserved  determinants. 

Recognition of class I and I1 glycoproteins of the MHC 
is required for  activation of T cells and  thus plays a 
central role in controlling  virtually  all  immune  system 
responses. Ag-dependent triggering of T cells involves 
interaction of the TCR with polymorphic determinants of 
the  class I or I1 protein,  either  alone, as may be the  case 
for  alloantigen recognition, or together with foreign Ag. 

Although highly polymorphic, the  class I and  class I1 
Ag also  possess large regions of structural  invariance, 
and it has been suggested that recognition of nonpoly- 
morphic determinants may also  contribute  to T cell trig- 
gering. Based on  the good correlation  between Lyt-213 
expression  on class I-restricted T cells and L3T4 expres- 
sion  on  class 11-restricted T cells,  it was proposed that 
these molecules bind to  class-specific, nonpolymorphic 
regions of the MHC proteins (1, 2).  The  results of numer- 
ous experiments  examining  the ability of anti-Lyt-2 an- 
tibodies to block T cell recognition and response (3-6) 
and  the  effects of transfecting cells with Lyt-2 (7, 8) are 
consistent  with the hypothesis that it interacts with  con- 
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served class I determinants. Nevertheless, direct evidence 
for T cell recognition of conserved determinants by Lyt- 
2, or as yet unidentified surface  receptors, has been 
lacking. 

We have  recently described the preparation of cell-size 
supported  artificial  membranes (pseudocytes) bearing 
class I Ag and their  application  to the study of MHC 
protein recognition by alloantigen-specific precursor CTL 
(9, 10). Stimulation of a secondary  in vitro CTL response 
was found to be critically dependent on the  surface  den- 
sity of H-2 alloantigen on  the  membrane (10). Taking 
advantage of this critical  density  dependence, we have 
now obtained evidence that directly demonstrates that T 
cells can recognize conserved class I determinants  and 
that  this recognition enhances responses  resulting from 
interaction  with specific Ag. 

MATERIALS AND METHODS 

Mice and  tumor cells. (BALB/c X DBA/2)FI (CDSFl), C57BL/6, 
and AKR/J mice were purchased from The  Jackson Laboratory, Bar 
Harbor, ME. RDM-4. an AKR lymphoma. P815, a mastocytoma of 
DBA/2 origin, and EL-4, a C57BL/6 thymoma,  were maintained  in 
tissue  culture  and by passage as ascites. 

Purtffcatfon of class I and  class 11 Ag. MHC Ag were  purified by 
mAb affinity  chromatography as previously described in detail  (1  1, 
12). H-2Kk was purified  from RDM-4 tumor cell lysates  using an 11- 
4.1 mAb column,  and H-2d and H-Zb class I Ag were  purlfied from 
PB15 and EL-4 cells using a n  M1/42 mAb column. M1/42 mAb is a 
rat  anti-mouse  class 1-specific  antibody (12). I-A" and I-Ek were 
purified from LPS blasts  using  10-2.16  and  14-4-48 mAb columns, 
respectively (13). All Ag preparations were  analyzed by  SDS-PAGE 
using Coomassie blue staining  to visualize the protein, and protein 
concentration  was determined using BSA as the  standard, as previ- 
ously described ( 1 1 - 13). 

branes were prepared as previously described in detail (9). Briefly, 
Preparation of pseudocytes. Cell-size &-bearing  artificial mem- 

Spherisorb 5-pm ODSl beads  (Phase Sep. Nonvalk. CT) were sus- 
pended by vortex mixing in 0.5% deoxycholate in 10 mM Tris buffer, 
0.14M NaCl.  pH 8.0. washed twice in  this  buffer by centrifugation 
(2 min at  1500 rpm). and counted using a hemocytometer. Lipids 
were obtained by chloroform/methanol  extraction of P815 cells and 
quantitated based on phosphate (14).  Components  were  incorporated 
onto  beads by mixing  protein, lipid. and  beads  in deoxycholate/Tris/ 
NaCl and dialyzing at  4°C for 36 to 48 h to remove detergent. After 
dialysis, the  beads were washed  three  times  in  sterile medium con- 
taining FCS and stored at  4°C until added to  culture. Incorporation 
onto  beads  was  assessed  using '251-labeled protein, and  surface 
exposure of protein was determined by  papain cleavage as previously 
described (9. 10).  The beads  were  counted with a hemocytometer. 

Ag density  was varied by varying the  ratio of protein to  beads in 
the  starting mixture. Protein surface  density is expressed as relative 
densities. with a relative density of 1x corresponding to 1.2 pg of 
protein  per lo7 beads. Over the  range examined [up  to lox,  Le., 12 
&lo7 beads). about 40% of input protein was exposed at  the  bead 
surface as assessed by papain cleavage. 
In ultro CTL generatton. Responder  splenocytes  from CD2FI or 

C57BL/6 mice. primed 2 to 6 mo previously by  i.p. injection of 2 x 
IO7 RDM-4  (H-2") cells. were placed into  culture with irradiated 
allogeneic stimulator cells or pseudocytes in 2 ml of medium with 7 
X IO6 responder cells/well (Linbro, New Haven, CT) at 37°C and 5% 
CO,. An optimal concentration of  Con A supernatant,  an (NH.&S04 
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fraction of supernatant fluid from  rat  spleen cells cultured  with Con 
A (14). was added 22 h after  initiation of the  cultures. Details of 
culture medium and  preparation of allogeneic spleen  stimulator cells 
have  been described (10). 

E/T ratios by triplicate  determination of the 51Cr released in 4 h from 
After 5 days,  cultures  were  assayed for cytolytic activity a t  several 

lo4 labeled RDM-4 or P815 target cells. Percent specific release  was 
calculated as 100 X (experimental - spontaneous 51Cr release)/(total 
released by 0.5% deoxycholate - spontaneous 5'Cr release). Sponta- 
neous release was  less  than 10% in  all  experiments.  One lytic unit 
is defined as the  number of effectors required to lyse 50% of the 
target cells in 4 h. and  results  are  expressed as lytic units per lo6 
cells. 

Anti-Lyt-2 mAb inhibition of effector CTL generation  was studied 
using  the 53-6.7 mAb (15) and, as a control, the HO-13-4 anti-Thy- 
1.2 mAb (161, as described  previously (1 0). Briefly, responder  splen- 
ocytes  were treated  with mAb for 60 min at  room temperature. 
Alloantigen-bearing stimulator cells or pseudocytes  were then added 
and  culturing  was begun. Con A supernatant addition a t  24 h and 
assay of lytic activity after 5 days were  performed as described 
above.  Dose-response titrations showed 0.45 @/culture well of 53- 
6.7 to maximally inhibit  responses  to  spleen  stimulator cells and 
this  amount of 53-6.7 and HO-13-4 were  used in  all  experiments. 
This level of 53-6.7 mAb was  found  not  to block lysis when added 
directly to  the  chromium  release  assay (10). Thus, inhibition of 
responses by antibody added at   the initiation of culture did not  result 
from blocking of effector cell activity by antibody. which might 
remain  after 5 days of culture  and  washes before the lytic assay. All 
experiments included controls  using HO-13-4. which in all  cases 
resulted in  less  than 10% decrease  in  the  response level. 

RESULTS 

Previous work showed that alloantigen-bearing  pseu- 
docytes stimulated  generation of specific secondary in 
vitro CTL responses.  Response is completely dependent 
on recognition of the alloantigen on  the bead, and  the 
resultant effectors lyse only target  cells that bear the 
relevant Ag (9). Response to alloantigen  on pseudocytes 
is also completely dependent  upon  addition of lympho- 
kines [Con A supernatant) to the cultures (9). In all of the 
experiments  described  here, a n  optimum  concentration 
of Con A supernatant  was added to the  cultures,  and 
controls  lacking Ag were done to  insure  that all  responses 
measured were dependent  on Ag recognition. 

Generation of a response was found  to be critically 
dependent  on the  surface  density of alloantigen on  the 
pseudocytes (1 0). Beads prepared by incorporation of 1.2 
pg of H-2Kk per 1 O7 beads  (arbitrarily  defined as a relative 
H-2 Ag density of lx). stimulated very little  response, 
whereas  increasing the Ag density  just fourfold stimu- 
lated a maximal  response.  When the responses  to  beads 
of differing Ag densities were examined by varying the 
dose of particles added to  cultures,  maximal  responses 
were observed in  all  cases with lo6 beads/well (10). the 
number  used in the experiments reported here.  Thus,  the 
maximal  response  reached  with  high  density  beads (5x1 
was never achieved by addition of low (2X) density  beads 
at any dose. Whereas  the magnitude of maximal  response 
varied  between  groups of animals (experiments), sub- 
maximal  responses  were  always  seen  using  alloantigen 
at a relative  density of 2x or less, and a  relative  density 
of 4x or greater gave maximal  responses. Figure 1 shows 
this comparison for 3 experiments,  representative of a 
total of 1 0  experiments performed. Based on FACS analy- 
sis (10) and ELISA assay (K. Kane and M. Mescher, un- 
published observations), the range of class I surface pro- 
tein  densities on normal cells is similar  to that of pseu- 
docytes in  the 2x to 5X relative  density  range. 

The specificity and marked  density  dependence of the 
response  to pseudocytes made it possible to  determine 

Exp. 1 

ox 1x  2x IX 5x lox 

Exp. I Exp. I 

Relative H-2Kk Surface  Density 

Figure 1. The effect of increasing class i alloantigen surface density 
on generation of a CTL response. Pseudocytes  were prepared using 0. 1.2 
(lx). 2.4 (2x1. 3.6 (3X). 4.8 (4x1. 6 (5X), or 12 pg (lox) of  H-2Kk per lo' 
beads: numbers in parenthesis refer to  relative surface densities on an 
arbitrary scale. Splenocytes  from CDSF, (H-2d) mice  immunized 2 to 6 mo 

culture for 5 days as described in Materials and Methods. Lytic activity 
previously with RDM-4 (H-2*) cells  were cultured with 10' pseudocytes/ 

was measured at the end of 5 days using "Cr-labeled  RDM-4 target cells 
and the results are expressed as lytic units/lO' cells. 

) H-2Kh only 

) H-2Kh/H-20(5x) 
) H-2Kh/H-Zd(5X) 

I 

0 0.6 2.0 

Relative H-2Kk Surface Density 

l B  

1 . 2  

Bead Composition 

the CTL response to suboptimal densities of alloantigen. A. Pseudocytes 
Ftgure 2. Incorporation of self or third party class I proteins augments 

were prepared using 0 (OX), 0.72 (0.6X). or 2.4 4 of ( 2 X )  H-2Kk per lo7 
per lo7 beads. Responder splenocytes from  C57BL/6 (H-2d) mice  previ- 
beads with either no other protein (0). 6 pg  of H-2b (x), or 6 fig of H-2d (0) 

ously  immunized with RDM-4  (H-2*)  were cultured for 5 days with 10' 
pseudocytes/culture and lytic activity was determined using RDM-4 target 
cells. B. Pseudocytes  were prepared using 2.4 pg (2X)  of H-2Kk per lo' 
beads. with either no additional protein, 6 pg  of H-2d. or 6 @ of I-E* per 
lo7 beads. Responder splenocytes from CD2F, [H-2d)  mice  previously 
immunized with RDM-4 (H-2') were cultured for 5 days with 10' pseudo- 
cytes/culture and lytic activity was determined using RDM-4 target cells. 

whether  class I molecules lacking the appropriate poly- 
morphic (allogeneic) determinants could nevertheless 
contribute  to an effective interaction. Pseudocytes were 
prepared that had  either low density  alloantigen or low 
density  alloantigen along with  either self or  third-party 
class I protein.  Suboptimal  responses  to low density  al- 
loantigen were dramatically  augmented if self or  third- 
party  class I protein was  present  on  the  same  membrane 
(Fig. 2A), whereas  beads  bearing  no  alloantigen  stimu- 
lated  no  response  regardless of the presence of self or 
third-party  class I protein. 

Enhancement of suboptimal  responses  was specific for 
class I MHC proteins. In all  experiments, the presence of 
5x levels of self or  third-party  class I protein on  beads 
bearing  suboptimal  alloantigen  augmented  responses 
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(Fig.  2A; Table I). In contrast, no enhancement  was ob- 
served  when the  same  amount of class I1 I-Ek  (Fig. 2B)  or 
I-Ak (data not  shown)  were  incorporated  (with  the excep- 
tion of one  experiment in which  incorporation of class 11 
resulted  in a 25%  increase over the level of response 
obtained  with  alloantigen  alone).  The  class I-specific en- 
hancement  occurred only if alloantigen and  the self or 
third  party  proteins  were  on  the  same bead surface. 
Adding beads bearingjust self or  third-party H-2 proteins 
to cultures  containing low density  alloantigen  beads re- 
sulted in no  greater  response than  that obtained  when 
only the alloantigen-bearing  beads were present  (Table I, 
bottom line). 

Enhancement of the response  to  suboptimal  alloanti- 
gen was  dependent on the  surface density of the self or 
third-party  class I protein.  Augmentation was negligible 
at a relative  density of 0 . 6 X  (data  not  shown)  but  apparent 
at 2X and maximal at 5 X  relative  densities (Table I). The 
same  results were found  when  either H-2b ar1ti-H-2~  or 
H-2d anti-H-2' responses were examined. Although class 
I of the responder  haplotype showed slightly greater  aug- 
mentation than third-party  class I in the experiment 
shown in Figure 2A, no reproducible  differences  in  aug- 
mentation by self vs  third-party  class I proteins  have 
been found. 

The above results provided evidence that precursor 
CTL bear a receptor,  distinct from the Ag-specific TCR, 
that  interacts with  conserved determinants of class I 
proteins  on the Ag-bearing membrane.  The  Lyt-2/3 com- 
plex is the likely candidate as the receptor that mediates 
this recognition. We therefore  examined the ability of 
anti-Lyt-2  antibody  to block responses  to pseudocytes 
having  varying surface compositions. Anti-Lyt-2 was 
added to  cultures at their initiation,  using an amount of 
antibody previously shown  to maximally block genera- 
tion of responses  but to  have no blocking effect on  target 
cell lysis when added to a 51Cr release assay (1 0). Anti- 
Lyt-2 completely blocked responses  to  beads  bearing a 
low  (2X) density of alloantigen,  whereas  responses to 
beads  bearing  a high (5X)  alloantigen  density could be 
only partially blocked (Table I). However, whereas re- 
sponses  to  beads  bearing low density  alloantigen (2X) 
plus self class I ( 5 ~ )  were  comparable  in  magnitude  to 
those  obtained  using high density  alloantigen (5X), they 
were significantly more susceptible  to blocking by anti- 
Lyt-2 antibody (Table I). Thus, a maximal response ob- 
tained by  self or  third-party  class I augmentation  was 

more susceptible  to blockade by anti-Lyt-2  antibody than 
was  the  same maximal response  when obtained by in- 
creasing  alloantigen  density. 

DISCUSSION 

Triggering of precursor CTL by artificial  membranes 
bearing a suboptimal  alloantigen surface density is mark- 
edly augmented if self or third-party  class I, but not  class 
11, proteins are present  on  the same membrane (Fig. 2: 
Table I), These  results provide strong evidence that pre- 
cursor CTL bear  a  receptor that  interacts with nonpoly- 
morphic determinants of class I proteins  on the Ag-bear- 
ing  membrane.  The  augmenting  effect of class I protein 
occurs equally with self or  third-party H-2 molecules and 
thus is not  self-restricted. The lack of response in the 
absence of alloantigen  also  indicates that cross-reactive 
recognition is not involved (Table I; Fig. 2).  Thus, it ap- 
pears very likely that  the receptor for conserved deter- 
minants is distinct from the Ag-specific TCR. Class I 
binding by the conserved determinant receptor might 
augment  responses by simply strengthening  the avidity 
of the cell-cell (cell-pseudocyte) interaction, thus promot- 
ing  interactions between Ag and TCR. Alternatively, the 
conserved determinant  receptor might, itself, be  involved 
in transmembrane signal  generation. 

Although this report  presents  the first direct evidence 
for recognition of conserved class I determinants,  such 
recognition has been previously postulated  to occur (1). 
Antibodies specific for the Lyt-2/3 protein complex pres- 
ent on the  surface of murine CTL can block CTL re- 
sponses  to Ag. The  extent of blocking obtained is variable 
and depends  on both the CTL clone or population exam- 
ined and on the target cell used (3-6). Antibody blocking 
effects, and  the correlation of expression of Lyt-2/3 on 
class I-restricted  T cells and L3T4 on  class 11-restricted T 
cells, led to the suggestion that  these  surface  proteins 
might bind COnSeNed determinants on  class I and class 
I1 proteins, respectively ( 1 ,  2). Antibody-blocking effects 
can be difficult to  interpret,  but  strong  additional  support 
for a role for Lyt-2 in augmenting Ag-specific  cell inter- 
actions in an  MHC class-specific manner bas recently 
been provided by experiments  examining the effects of 
transfecting  the gene for this protein  into  T cells lacking 
the protein (7, 8). 

Examination of the effects of anti-Lyt-2 blocking of 
responses  to  class I proteins on pseudocytes yielded re- 
sults  consistent with the suggestion that Lyt-2 mediates 

TABLE I 
Inhibftion by anti-Lyt-2 antibody of precursor CTL recognition of class I MHC proteins on pseudocytes' 

Bead 
StimulusZ 

Exp 1 Exp 2 Exp 3 

No mAb 53-6.7 
Inhibltlon No rnAb 53-6'7 Inhibition No mAb 53-6'7 Inhlbltlon 

?& ?& % 

H-2Kk(2X) 308 32 90 217 17 92 330,  17 95 
H-2Kk(5X) 526 39 488 227 53 
H-2*  (5X) - 
H-2Kk/H-2d(2X)/(2X) 
H-2Kk/H-2d(2X)/(5X) 
H-2Kk12X1 + H-2"15XI4 

870 - - 
- - - 10 - 

- 
1,053 392 

357 34 90 - - 
63 488 125  74 500 45 91 

317 13 96 

- 

- - - - 

composition and lytic activity assayed using RDM-4 targets. When used, mAb was preincubated with responder splenocytes for 60 min before  addition 
' Splenocytes from CDZF, [H-2") mice previously primed with RDM-4 [H-2*) were cultured for 5 days in the presence of pseudocytes of the indicated 

of pseudocytes. Controls using anti-Thy 1.2 (HO-13-41 were  performed  in all experiments and always resulted in less than 10% inhibition. Cytolytic 
activity is expressed as lytic units per 10' cells. 

Pseudocytes having the indicated surface composition were prepared as described in Materials  and Methods and used at lo6 beads/culture. 
Not determined. 
In this  case two separate pseudocyte preparations were made. one having only H-2K* and one having only H-2&. Then. 10' of each type  were 

added  to the same culture wells. 
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the demonstrated class I conserved determinant recog- 
nition (Table I). Some experimental evidence has been 
presented to suggest that blocking effects of anti-Lyt-2 
and anti-L3T4 might result  from  antibody  cross-linking 
of these proteins delivering a negative signal  to the T cell 
rather  than from blocking of interaction  with a ligand on 
the Ag-bearing cell (1 7-20). Although this possibility can- 
not be ruIed out in  the  experiments  shown  here,  it would 
appear  to be an  unlikely  explanation of the  results.  The 
level of response  to low density  alloantigen  plus self or 
third-party  class I is equal  to or  greater than  that obtained 
with  higher  density  alloantigen, yet anti-Lyt-2 is signifi- 
cantly more inhibitory  in the former  case (Table I). Thus, 
a ”negative” signal mediated by anti-Lyt-2 would have  to 
have  differing  effects,  despite  comparable levels of “pos- 
itive” signals in the two cases.  The  alternative  explana- 
tion, that Lyt-2/3 mediates the demonstrated  augmenta- 
tion by class I conserved determinant recognition and 
that anti-Lyt-2 blocks this interaction, would appear 
more likely. 

The  postulated role of Lyt-213 interaction  with  con- 
served class I determinants  has recently been extended 
by the  further suggestion that it may bind to  the  same 
class I molecule that is bound by the Ag-specific receptor 
to form a multimolecular complex needed for effective 
transmembrane triggering (2 1-23). Based on antibody 
blocking and triggering effects  (23,  24)  a  similar role for 
L3T4 has been proposed, and some evidence for Ag- 
induced association of L3T4 with  the TCR complex has 
been obtained by examining  their  coclustering (25) and 
comodulation (24)  on T cells. The  results described here 
do not rule  out this possibility. They do argue, however, 
that it is not the only mechanism  for  enhanced  response 
via conserved determinant recognition. Self or  third- 
party class I molecules can  serve to  augment,  whereas 
only the  class I ailoantfgen is bound by the Ag-specific 
TCR with  sufficient  affinity  to  result in signal  generation 
leading to  a  response. 

Interaction of CTL with  target cells occurs over rela- 
tively large areas of the cell surfaces (26). The  strong 
dependence of precursor CTL recognition and triggering 
on  class I Ag multivalency (27)  and  surface Ag density 
(1 0) is consistent  with a model in  which  numerous low 
affinity  interactions combine to  result  in  sufficiently high 
avidity for binding and triggering to  occur.  The  results 
described in  this report  demonstrate that  these  interac- 
tions  with  class I proteins  are of at least two types, 
recognition of polymorphic determinants by the Ag-spe- 
cific TCR and recognition of conserved determinants. 
Regardless of whether  conserved  determinant recogni- 
tion is mediated by  Lyt-213 proteins, as is suggested by 
the antibody blocking results,  or by an as yet unidentified 
receptor it is clear that  this recognition can be a critical 
factor  in  determining  whether a CTL response  to  subop- 
timal Ag will occur. Using the  augmentation  assay de- 
scribed  here and  class I Ag that have been biochemically 
or genetically modified, it should be possible to identify 
the  invariant  structural regions involved in this recogni- 
tion. 
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