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Summary

 

Class1 major histocompatibility complex (MHC-I)–antigenic peptide exposed
at the target cell surface is crucial for the adaptive immune response exerted in
the self/syngeneic context by cytotoxic T lymphocyte (CTL). Such a complex
also provides epitopes in the allogeneic context for antibody response directed
against the MHC-I polymorphic determinant. In the present report we exam-
ined the formation of the MHC-I–peptide complex leading predominantly to
the expression of T and/or B cell epitopes in a process of internal 

 

versus

 

 external
antigenic peptide loading onto the binding groove of MHC-I. Analyses using
antibodies specific to complex MHC-I–peptide generated in the syngeneic con-
text to mimic T cell receptor (TCR) in comparison with antibodies specific to
the MHC-I polymorphic determinant allowed the observation that the exter-
nal peptide loading to MHC-I, while remaining necessary for inducing the for-
mation of B cell epitopes, was less efficient than the internal one for generating
T cell epitopes. Thus, external loading of peptide to the MHC-I appeared to
match more closely the allogeneic situation and the humoral immunity in gen-
eral, while internal peptide loading corresponded with the self/syngeneic con-
text of the cellular CTL response.
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Introduction

 

Cytotoxic T lymphocytes of the adaptative immune
response operate in the self/syngeneic context [1] via recog-
nition of antigenic peptides presented by the major histo-
compatibility complex (MHC-I) [2,3]. Antigenic peptides
are mainly short sequences of 8–10 amino acids loaded onto
the MHC-I peptide binding groove [4]. The way in which
protein antigens are processed to antigenic peptides has
been well documented [5,6]. Once generated, antigenic pep-
tides are transported and loaded into the MHC-I’s groove.
The complex MHC-I–peptide is then exposed at the cell sur-
face for immune surveillance via cytotoxic T lymphocyte
(CTL) T cell receptors (TCRs). As internal peptides are not
the only source of peptides, it was questioned whether the
external peptides that circulate in the bloodstream could
play a role. On the other hand, in the balance between
immunity and tolerance, there could be a possibility for the
external peptide to interfere with the presentation and rec-
ognition of the internal peptide in the context of the MHC-
I. Moreover, it is well known that the humoral and cellular

arms of the adaptive immune response follow different
pathways for stimulation as well as mode of binding to spe-
cific ligands.

In order to examine this feature we used antibodies with a
specificity-like TCR, i.e. recognizing a complex MHC-I–
antigenic peptide in the syngeneic context. Furthermore, a
comparison with antibodies specific to polymorphic deter-
minants of the MHC-I generated in the allogeneic context
allowed us to gain insight into the formation of T cell 

 

versus

 

B cell epitopes in the case of internal or external antigenic
peptides loading onto the MHC-I. We used an experimental
model based on mutant cell line RMA-S [7] incubated with
ovalbumin (OVA) peptide (SIINFEKL) as representative of
external peptide loading [8]. On the other hand, the EL-4 cell
line transfected with the gene encoding for OVA, subclone
E.G7 [9], was taken as an example of internal peptide load-
ing. Monoclonal antibodies (mAb) isolated in the syngeneic
context from C57BL/6 mice and specific to K

 

b

 

-OVA were
used as TCR-like antibodies (anti-T cell epitope) in com-
parison to those specific to K

 

b

 

 polymorphic determinant
(anti-B cell epitope).
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Materials and methods

 

Mice and cell lines

 

C57BL/6 (H-2

 

b

 

) mice were purchased from IFFA/CREDO
(Lyon, France) and maintained in the animal facility accord-
ing to ECC directives (86/609/CCE).

EL-4 (H-2

 

b

 

) leukaemia cells were from the American Type
Culture Collection (ATCC, Rockville, MD, USA); E.G7 cells,
a subclone of EL-4 transfected with the OVA gene, were a gift
from Dr Bevan (Howard Hughes Medical Institute, Seattle,
WA, USA); the X63-Ag8 myeloma cell line was from ATCC.
RMA (H-2

 

b

 

) lymphoma and RMA-S mutant cells derived
from Rauscher virus-induced murine cell line RB-5 were
from Dr K. Kärre’s laboratory (Karolinska Institutet, Stock-
holm, Sweden). Cell lines were maintained in RPMI-1640
medium supplemented with 10% heat-inactivated fetal
bovine serum, 2 mM 

 

l

 

-glutamine, 100 U/ml penicillin,
100 

 

µ

 

g/ml streptomycin (G

 

ibco

 

 BRL, Cergy Pontoise,
France) at 37

 

°

 

C, 5% CO

 

2

 

.

 

Antibodies, peptides and reagents

 

Anti-K

 

b

 

 monoclonal antibodies 28·8.6, 34·1.2 and 5F1·3 were
from ATCC, fluorescein isothiocyanate (FITC), zLLLal
(MG132), goat F(ab

 

′

 

)

 

2

 

 secondary antibody conjugated with
FITC was purchased from Sigma (L’Isle d’Abeau-Chesnes,
France). OVA peptide

 

257

 

−

 

264

 

 and VSV NP

 

52

 

−

 

59

 

 were purchased
from Syntem (Nîmes, France).

 

Immunization and cell fusion

 

C57BL/6 mice were immunized subcutaneously with 10

 

7

 

syngeneic splenocytes pulsed with OVA peptide SIINFEKL
or with E.G7 cells inactivated by a cycle of 

 

−

 

80

 

°

 

C frozen and
thawed in phosphate-buffered saline (PBS). Mice were
reboosted 4–5 days before killing, spleens were harvested
and splenocytes were treated with NH

 

4

 

Cl for red cell lysis.
Fusions of splenocytes and myeloma cells X63-Ag8 were per-
formed according to Köhler and Milstein [10].

 

Flow cytometry analyses

 

Indirect or direct stainings were performed using standard
protocol. When indirect stainings were used, cells were incu-
bated with primary antibodies for 60 min at 4

 

°

 

C, washed with
phosphate-buffered saline (PBS), followed by a second incu-
bation with goat F(ab

 

′

 

)

 

2

 

 anti-mouse IgG conjugated with
FITC (Sigma Aldrich, L’Isle d’Abeau-Chesnes, France). For
control, the first incubation was performed when necessary
with the myeloma Ig isotype matched with the tested anti-
body; in general only FITC–F(ab

 

′

 

)

 

2

 

 anti-mouse Ig secondary
antibody was used as there was practically no difference with
the myeloma Ig control. In direct stainings all antibodies used
were conjugated with FITC. In order to avoid capping when
two different antibodies were applied, experiments were

performed in the presence of 0·5% of NaN3. Analyses were
performed with Becton Dickinson’s FACSCalibur and the
CellQuest software (Le Pont de Claix, France).

 

Confocal immunofluorescence

 

Cells were laid onto microscope glass slides by cytospin,
permeabilized with ORTHOPermeafix reagent (Ortho Diag-
nostic Systems, Roissy, France). Indirect stainings were car-
ried out by incubation of permabilized cells with primary
antibodies for 60 min washed with PBS

 

−

 

5% fetal calf serum
(FCS). Cell nuclei were stained with propidium iodide. The
secondary FITC–goat F(ab

 

′

 

)

 

2

 

 anti-mouse IgG was the same
as that used for flow cytometry. Analyses were performed
with a confocal Leica microscope and sections 

 

<

 

 0·8 

 

µ

 

m were
scored  and  treated  using  the  Leica  TCS  NT  software
(Wetzlar, Germany).

 

Enzyme-linked immunosorbent assay (ELISA)

 

Enzyme-linked immunosorbent assays were performed
according to Ternynck and Avrameas [11]; peroxidase con-
jugated secondary antibodies were purchased from Sigma
(Saint-Quentin Fallavier, France) and diaminobenzidine
(DAB) was used as substrate.

 

Western blotting

 

Cell extracts were prepared in the presence of protease
inhibitors [phenylmethylsulphonyl fluoride (PMSF), leu-
peptin, aprotinin], submitted to sodium dodecyl sulphate–
polyacrylamide gel electrophoresis (SDS-PAGE), then
transferred to polyvinyl membranes and detected by chemi-
luminescence (Amersham, Les Illis, France).

 

Labelling antibodies with FITC

 

The coupling of antibody Ig 5F1·3, 28·8.6, 20G2·56 and PBE2
(see results) to FITC was performed according to the proto-
col described by Harlow and Lane [12].

 

Results

 

mAbs 20G2·56 and PBE2 derived from syngeneic 
immunization belonged to the family of antibodies 
specific to MHC-I-peptide

 

In order to analyse and compare the formation of MHC-I
K

 

b

 

-peptide epitope with that of the MHC-I K

 

b

 

 epitope, we iso-
lated mAbs which recognize complex K

 

b

 

-OVA. Two such
mAbs, namely 20G2·56 and PBE2, were obtained by fusing
X63Ag8  myeloma  cells  with  spleen  cells  from  C57BL/6
(H-2

 

b

 

) mice immunized with syngeneic lymphocytes incu-
bated with OVA peptide 257–264 SIINFEKL or EL-4 leu-
kaemia cells (K

 

b

 

) transfected with OVA gene subclone E.G7,
respectively. These two mAbs (IgG1, 

 

κ

 

) gave a strong signal in
flow cytometry analyses with E.G7 cells but only marginally
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and inconsistently with untransfected parental cells EL-4 or
other K

 

b

 

 cells  RMA (Fig. 1a).  These three cell  lines, E.G7,
EL-4 and RMA, expressed K

 

b

 

 which were recognized almost
identically by anti-K

 

b

 

 specific mAb antibodies, i.e. 5F1·3,
34·1.2 or 28·8.6. These results are shown in Fig. 1b using mAb
5F1·3. Confocal microscopy confirmed that only E.G7 but not
EL-4 was recognized by 20G2·56 and PBE2 (Fig. 1c). Western
blotting performed with mAb 5F1·3 allowed us to observe a
band corresponding to that of MHC-I with extracts from
E.G7 as well as EL-4, while only E.G7 but not EL-4 extract gave
this pattern as seen with PBE2 (Fig. 2a). ELISA assays showed
that 20G2·56/PBE2 did not recognize OVA or OVA peptide
257–264 alone (Fig. 2b). These results indicated that 20G2·56
and PBE2 recognized essentially the complex K

 

b

 

-OVA but not
the separate elements K

 

b

 

 and OVA; they were members of the
family of TCR-like antibodies specific to T cell epitopes.

 

Featuring the MHC-I epitopes recognized by 
20G2·56/PBE2 and 5F1·3

 

When E.G7 was incubated with mAb 20G2·56/PBE2 at 37

 

°

 

C,
capping was occurred. The caps formed were, however,

smaller than those induced in the same condition by mAb
anti-K

 

b

 

 5F1·3 (Fig. 3). This treatment decreased recognition
of the cells by anti-K

 

b

 

-peptide antibody, as shown with
20G2·56 conjugated with FITC added in the second step in
the presence of PBS

 

−

 

0·5% NaN

 

3

 

. Under such conditions, the
recognition of treated E.G7 by 5F1·3 conjugated with FITC
was not affected (Fig. 4a). On the other hand, incubation of
E.G7 at 37

 

°

 

C with anti-K

 

b

 

 5F1·3 in the first step decreased its
recognition not only by 5F1·3 conjugated with FITC but also
20G2·56 conjugated with FITC added in the second step to
treated cells in the presence of PBS

 

−

 

0·5% NaN

 

3

 

. These results
implied that epitopes recognized by 20G2·56 were part of K

 

b

 

epitopes recognized by 5F1·3. Furthermore, when E.G7 was
treated with zLLLal, a proteasome inhibitor, the recognition
of E.G7 by 20G2·56 was affected, indicating the implication
of antigen processing in the formation of anti-K

 

b

 

 peptide-
specific epitopes (Fig. 4b).

It was further examined whether anti-K

 

b

 

–peptide anti-
body (20G2·56 or PBE2) could compete with anti-K

 

b

 

 anti-
body (5F1·3) for recognizing the epitopes expressed on the
E.G7 cell surface. Experiments using two steps of incuba-
tion in the presence of PBS

 

−

 

0·5% NaN

 

3

 

 showed that there

 

Fig. 1.

 

Only ovalbumin (OVA)-transfected E.G7 

cells were recognized by 20G2·56 and PBE2. (a) 

Indirect flow cytometry analyses performed with 

E.G7, EL-4 or RMA cells in the presence of 

20G2·56 ( ) and PBE2 (—), control (---). Rep-

resentative profiles of at least 10 experiments are 

shown. (b) Indirect flow cytometry analyses with 

anti-K

 

b

 

 mAb 5F1·3 ( ) and E.G7, EL-4, RMA 

cells, control (---). (c) Confocal microscopy 

analyses after cell permeation. The indirect stain-

ing as above was performed with 20G2·56 and 

PBE2 as well as with the secondary goat F(ab

 

′

 

)

 

2

 

 

anti-mouse Ig–fluorescein isothiocyanate 

(FITC) together with propidium iodide.
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was no competition between these two types of antibody.
Indeed, only unconjugated 5F1·3 reacting to E.G7 in the
first step was able, in the second step, to inhibit the binding
of 5F1·3 conjugated to FITC, but not PBE2–FITC, to the
relevant target (Fig. 5a,b). Conversely, only PBE2 used in
the first step to cover the relevant epitope was efficient to
decrease the recognition of the treated cell by PBE2 conju-
gated to FITC but not 5F1·3–FITC added in the second step
(Fig. 5c,d).

 

Fig. 2.

 

Reactivities of 20G2·56/PBE2 as revealed by Western blotting 

and enzyme-linked immunosorbent assay (ELISA). (a) Western blotting 

with cell extracts from E.G7 or EL-4 revealed by PBE2 and 5F1·3. (b) 

ELISA performed with ovalbumin (OVA) (

 

�

 

) and OVA peptide 257–

264 (

 

�

 

) coated to plastic wells (1–5 

 

µ

 

g/ml in carbonate buffer pH 9). 

A mouse immune serum anti-OVA was used as positive control.
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Fig. 3.

 

Confocal microscopy. Comparison between the capping of E.G7 

induced by 20G2·56/PBE2 and 5F1·3.

MergeControl

5F1·3

20G2·56

PBE2

 

Fig. 4.

 

Involvement of major histocompatibility complex (MHC-I)–K

 

b

 

 

and ovalbumin (OVA) antigenic peptide in the formation of 20G2·56/

PBE2-specific epitope. (a) Epitopes recognized by 20G2·56/PBE2 were 

part of MHC-I–K

 

b

 

 recognized by 5F1·3. Incubation of E.G7 with uncon-

jugated 5F1·3 or 20G2·56 at 37

 

°

 

C was followed by that of either 5F1·3–

fluorescein isothiocyanate (FITC) (

 

�

 

) or 20G2·56–FITC (

 

�

 

). (b) Effects 

of proteasome inhibitor zLLLal on the recognition of E.G7 by 20G2·56, 

flow cytometry analyses using indirect labelling with secondary anti-

body goat (Fab

 

′

 

)

 

2

 

 anti-mouse Ig–FITC. Untreated E.G7 (—), zLLLal-

treated E.G7 ( ), control (---).
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Implication of endogeneous or exogeneous peptides 
loading onto MHC-I in the formation of epitopes 
recognized by 20G2·56/PBE2

 

The mutant RMA-S cell line endowed with empty K

 

b

 

 that
could be externally loaded with the relevant peptide was used
to follow the formation of the epitopes recognized by
20G2·56/PBE2 and 5F1·3. Thus, when RMA-S was incubated
with OVA

 

257-264

 

 SIINFEKL (SL8), a strong signal was
observed with mAb 5F1·3, as can be seen in flow cytometry
analyses. Under such conditions, 20G2·56 and PBE2 gave
only a weak signal with a mean fluorescence which rarely
exceeded two to three times over control (Fig. 6a). Confocal
microscopy confirmed the results observed in flow cytome-
try showing that only mAb 5F1·3 gave a signal with RMA-S
incubated with the peptide, while no signal was observed
with 20G2·56/PBE2 (Fig. 6b). When EL-4 (K

 

b

 

) was used
instead  of  RMA-S  and  incubated  with  SL8,  OVA

 

257

 

−

 

264

 

SIINFEKL as previously performed, the target cell, termed
EL-4-SL8-inc, was practically not recognized by 20G2·56
(Fig. 7a,b). However, when EL-4 was electroporated with
SL8, OVA

 

257

 

−

 

264

 

 SIINFEKL, allowing the peptide to be intro-
duced into the cytosol, the treated cell (EL-4-SL8-elec) was
well recognized by 20G2·56 (Fig. 7c,d).

 

Discussion

 

The MHC-I molecule offers an unique opportunity by
expressing two different epitopes, namely the B cell epitopes

(i.e. its polymorphic determinants) and the T cell epitopes
(i.e. MHC-I antigenic peptide complexes, the specific ligands
for CTL TCRs). The presence of these epitopes involved in
the humoral and cellular arms of the adaptative immune
response made the MHC-I an interesting model to dissect
and analyse the modulation of the immune response.
Although having a similar structure, antibodies and TCRs
are two different molecular entities as soluble and membrane
anchored molecules, respectively. For this reason, it was
more accurate to perform comparative analyses with homo-
geneous reagents, either with antibody engineered to be
anchored on the cell membrane-like TCR or with TCR-like
antibody. We have used the latter strategy and isolated anti-
bodies which reacted similarly to TCRs, i.e. recognizing
complex MHC-I–OVA. Several TCR-like antibodies have
been described, including those specific to K

 

b

 

-OVA [13–22].
Our antibodies, 20G2·56 and PBE2, were characterized by
the fact that they were obtained in the context of syngeneic
immunization, and although derived from two different
immunization schemes, mAbs 20G2·56 and PBE2 had
almost the same profile of reactivities, i.e. reacting to OVA-
transfected K

 

b

 

 cells E.G7, but not or weakly to other K

 

b

 

 cells
such as EL-4 or RMA. This aspect was in favour of the same
selective process giving rise to the formation of the Fab frag-
ment of 20G2·56 and PBE2. Of particular interest were the
reactivities of 20G2·56 to EG.7, although the mAb was
derived from the mouse immunized with syngeneic spleno-
cytes incubated with OVA peptide SIINFEKL. Furthermore,

 

Fig. 5.

 

T cell and B cell epitopes were localized at different sites on the major histocompatibility complex (MHC-I). (a) Incubation of E.G7 with 

unconjugated 5F1·3 in the presence of 0·5% NaN

 

3

 

 and subsequent incubation, after washing, with 5F1·3–fluorescein isothiocyanate (FITC) ( ), 

comparison with untreated E.G7 incubated with 5F1·3–FITC alone (—), control (---). (b) Incubation of E.G7 with unconjugated 5F1·3 in the presence 

of 0·5% NaN

 

3

 

 and subsequent incubation, after washing, with PBE2–FITC ( ), comparison with untreated E.G7 incubated with PBE2–FITC alone 

(—), control (---). (c). Incubation of E.G7 with unconjugated PBE2 in the presence of 0·5% NaN

 

3

 

 and subsequent incubation, after washing, with 

PBE2–FITC ( ), comparison with untreated E.G7 incubated with PBE2–FITC alone (—), control (---). (d) Incubation of E.G7 with unconjugated 

PBE2 in the presence of 0·5% NaN

 

3

 

 and subsequent incubation, after washing, with 5F1·3–FITC ( ), comparison with untreated E.G7 incubated with 

5F1·3–FITC alone (—), control (---).
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Fig. 6.

 

External peptide loading to major 

histocompatibility complex (MHC-I). RMA-S 

cells incubated with ovalbumin (OVA)

 

257

 

−

 

264

 

 

(SIINFEKL) were analysed by indirect immun-

ofluorescence with 5F1·3, 20G2·56, PBE2 and 

secondary antibody goat (Fab

 

′

 

)

 

2

 

 anti-mouse 

Ig–fluorescein isothiocyanate (FITC). (a) Flow 

cytometry. (b) Confocal microscopy (control: 

propidium iodide, secondary antibody: goat 

(Fab

 

′

 

)

 

2

 

 anti-mouse Ig–FITC).
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E.G7 cells were shown to be able to stimulate the formation
of anti-K

 

b

 

-OVA antibody, as can be seen with the isolation of
PBE2. Lastly, no signal was obtained with 20G2·56/PBE2
when the peptide derived from vesicular stomatitis virus
nucleocapsid protein (VSV NP52-59) RGYVYQGL was
introduced by electroporation into the cytosol of EL-4 cells
(results not shown). Overall, like TCR which mainly recog-
nized the target in the self/syngeneic context, mAbs 20G2·56
and PBE2 reacted essentially to the complex MHC-I–
peptide. Porgador 

 

et al

 

. [16] previously reported data con-
cerning mAbs specific to K

 

b

 

-OVA peptide which were
obtained from Balb/c mice alloimmunized against RMA-S
cells loaded with SIINFEKL. The mAbs were then selected
for their specificities to RMA-S-SIINFEKL. This approach
allowed them to obtain mAbs well-recognizing Kb loaded
exogenously with OVA257−264 and probably explained the dif-
ference with our antibodies 20G2·56 and PBE2. We also used
syngeneic immunization, in which RMA-S cells loaded with
SIINFEKL were injected into C57BL/6 mice, but the selec-
tion conducted so far did not allow us to isolate a specific
antibody. Nevertheless, from the syngeneic combination
using either E.G7 or splenocytes incubated with SIINFEKL
as immunogens, we have succeeded in selecting PBE2 and
20G2·56 which recognized E.G7 as well as EL-4 electropo-
rated with SIINFEKL. It is worth noting that signals obtained
in flow cytometry analyses using EL-4 electroporated with
SIINFEKL were less pronounced than those obtained with
OVA-transfected E.G7 (see Figs 1a and 7c). The difference
observed could be explained by the presence of the OVA-
encoded gene on the episome in the case of OVA-transfected
cells E.G7, where Kb would be loaded readily and constantly
with the peptide. Furthermore, it was shown that EL-4 cells
incubated with SIINFEKL were not a good target for
20G2·56/PBE2. Indeed, this aspect was observed in our pre-
vious report [13] which showed, in the case of external

peptide loading, that radioimmune assays (i.e.  51Cr release
or 125I cell surface labelling) were more indicated than
immunofluorescence staining to detect these MHC-I–petide
complexes. Nevertheless, as reported so far, the few MHC-I–
peptide complexes thus formed were sufficient to induce the
lytic effects of CTLs [23,24]. The data reported by Krogs-
gaard et al. [25], showing that the T cell epitope was a het-
erodimer formed by a MHC-I-endogenous self-peptide
linked to a MHC-I-agonist peptide, could explain why Kb-
OVA257−264 expressed at the RMA-S cell surface was not well
recognized by 2OG2·56/PBE2. Indeed, being contributed
mainly by agonist peptide, it was essentially a B cell epitope.
The only case where antigenic peptide that was not endoge-
nously generated but could, however, form an appropriate
target with the MHC-I for TCR, was reported by Norbury
et al. [26] and Neijssen et al. [27]. The former group showed
that proteasome substrates rather than peptides were
important for antigen transfer in the case of cross-priming a
situation observed when antigenic proteins were not synthe-
sized by professional antigen-presenting cells. In the work
reported by the second group of authors, the antigenic pep-
tide could be presented by bystander cells to the CTL owing
to diffusion through gap junctions, providing the peptide
with access into the cytoplasm of bystander cell. Thus, results
reported in the present work led to the assumption that the
external peptide loading to MHC-I was less efficient than the
internal one for inducing a high-level expression of complex
MHC-I–peptide (T cell epitope). Peptides from the per-
iphery, therefore, did not represent an effective competitor
having the capacity to interfere with the presentation of
endogenous peptide.

Finally, the fact that there was no competition between
antibody 5F1·3 and 20G2·56/PBE2 might have some appli-
cation for an eventual synergistic or complementary action
resulting from the combined use of these antibodies.

Fig. 7. Comparison between endogeneous and 

exogeneous peptide loading to major histocom-

patibility complex (MHC-I) Kb. EL-4 (Kb) only 

incubated with SIINFEKL (a and b) or elec-

troporated with SIINFEKL (c and d) were exam-

ined in flow cytometry with 20G2·56 or 5F1·3 

followed by incubation with secondary antibody 

goat (Fab′)2 anti-mouse Ig–fluorescein isothio-

cyanate (FITC). Control (---).
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