CD4 was present in cosedimenting mem-
brane vesicles derived from quail cells, we
performed control experiments in which
CD4 was expressed in uninfected quail QT6
cells. We observed concentrations of CD4 in
the media approximately 5% of those found
in the media from ALV-infected cells; since
CD4 from the media of uninfected cells
migrated at a density of 1.12 to 1.14 g/ml in
linear sucrose gradients (4), we conclude
that CD4 in these control experiments is
contained in less dense membrane-derived
vesicles.

The incorporation of CD4 into ALV par-
ticles was an unexpected result, because cell
surface proteins are generally not efficiently
assembled into virus particles. Indeed, most
quail cell glycoproteins were excluded from
ALYV particles in our experiments (Fig. 2).
Since human CD4 is normally expressed in
lymphocytes, it seems likely that quail
(QT6) fibroblast cells lack the proteins that
normally interact with CD4 (for example,
p56'#) (8). Consequently, CD4 might differ
from other glycoproteins at the surface of
quail cells because it lacks interactions with
other proteins. This raises the possibility
that virus incorporation of host cell surface
proteins might be prevented, at least in part,
by the interactions between these proteins
and cytoplasmic proteins.

At present we cannot explain why CR and
CM proteins were assembled into ALV par-
ticles much less efficiently than was wild-
type human CD4. However, we have ob-
tained an intriguing result by transiently
expressing CD4 and CR proteins in quail
[R(-)Q No. 3] cells that contain an avian
sarcoma virus genome lacking env (9). Virus
particles produced from these cells incorpo-
rate CD4 or CR proteins with equal effi-
ciencies (4). This suggests that Env proteins
might compete with chimeric proteins, but
not with CD4 proteins, for assembly into
ALV particles. Alternatively, interactions
between chimeric proteins and viral Env
proteins might prevent their incorporation
into virus particles.

CD4 is the first example of a nonviral cell
surface protein with transmembrane and
cytoplasmic tail domains shown to be effi-
ciently incorporated into retroviral particles.
Other studies have shown that Thy-1, which
is attached to the cell surface by a glyco-
sylphosphatidylinositol linkage (10), is in-
corporated into MLV particles (11). The
uptake of cell surface proteins by virus par-
ticles could influence the host cell tropism of
a virus if interactions between these proteins
and their cognate receptors can direct virus
infection of normally resistant cell types.
This suggests a strategy to target viral vec-
tors containing therapeutic genes to specific
cell types. For example, since CD4 and the
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gp120 Env proteins of human immunodefi-
ciency viruses type—1 and type-2 (HIV-1
and HIV-2) interact with high affinity (12),
ALV (CD#4) pseudotypes can be used to test
if virus-associated CD4 proteins can target
ALV vectors to cells expressing HIV Env
glycoproteins. If so, it might be possible to
use this sytem to specifically deliver retrovi-
ral vectors containing dominant negative
mutations in gag, tat, or rev genes (13) to
cells infected with HIV.
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The Role of f3,-Microglobulin in Peptide Binding by

Class I Molecules

ANTONELLA VITIELLO, TERRY A. POTTER, LINDA A. SHERMAN*

Efficient transport of class I major histocompatibility complex molecules to the cell
surface requires association of the class I heavy chain with endogenous peptide and the
class I light chain, B,-microglobulin (B,M). A mutant cell line deficient in B,M
transports low amounts of nonpeptide-associated heavy chains to the cell surface that
can associate with cxogenously provided B,M and synthetic peptide antigens. Normal
B,M-sufficient cells grown in serum-free media devoid of B,M also require an
exogenous source of B,M to efficiently bind synthetic peptide. Thus, class I molecules
on normal cells do not spontaneously bind or exchange peptides.

yroLyric T LyMPHOCYTES (CTLsS)
recognize peptide antigens bound
within the antigen-binding groove
of class I molecules (1-4). Peptides derived
from processing of endogenously synthe-
sized proteins become associated with class I
molecules during their assembly in the en-
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doplasmic reticulum (5, 6). Studies of mu-
tant cell lines indicate that efficient transport
of class I to the cell surface requires associ-
ation of the class I heavy chain with both
peptide and B,M (6-8). Once expressed on
the cell surface, class I molecules can bind or
exchange peptide, as demonstrated by the
ability of glutaraldehyde-fixed cells (9) or
purified class I molecules (10, 11) to bind
and present exogenously provided synthetic
peptides for recognition by CTLs. Howev-
er, this exchange is inefficient, as measured
by the small percentage of purified class I
molecules that can bind peptide (0.3%)
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Table 1. Expression of class I molecules by 4398,M“! cells. Flow cytofluorometry analysis of class I
expression by cells grown in media containing 10% fetal bovine serum or 1% serum-free (SF) media
(Nutridoma, Boehringer Mannheim). Cells (5 x 10°) were incubated for 90 min on ice with MAb
(50 pl) in the form of hybridoma supernatant, washed twice in Hank’s balanced salt solution, and
incubated with fluorescein isothiocyanate—labeled rabbit (Fab’), to mouse immunoglobulin (2 pg;
Zymed) for 45 min on ice. Samples were washed twice and analyzed on a Becton-Dickinson FACS
440. Numbers represent the mean linear fluorescence of 10,000 events. Results comparable to those
reported above have been obtained in two or more independent experiments.

Cell line (fluorescence units)

Antibod =
Y RIE/D® 4398, M 43942 43980 439-SF

(-) 5.4 40 5.5 3.2 5.1

28/11-58 (D) 5.5 8.3 1180 45 732

28-14-88 (DP,LY) 102 15.0 781 6.2 450

Y3 (Kb,KY) 5.4 49 466 31 229

34-2-128 (DY) 5.5 47 379

12-2-128 (KX 5.6 44 5.1

34.125 (K4,DY) 5.7 5.4 1116

Fig. 1. Lysis of normal and

A B C ./‘\D E

B,M-deficient cells. 439.4.2 =

cells (A to F), the B,M- w0k

deficient cell line 4398,M9!

(G to J, and L), or RIE/D

(K) were either infected O\ ~ LD

with influenza virus A/PR/8/ G H 1 J K

34 (A, B, G, and H), loaded '\\ \

with OVA by pinolysis (C ~

and I), coated with peptide 20 L \
Il |

NP(147-158R ") (3) (D and

|

60 -

Specific lysis (%)

‘ . A . e - 4 [ —— —1 S~ A
;)I’I,(scgg‘fggo)‘z’éd‘m dp%ngf 25 83 2815 5 17 10 33 1132 64 1334 7 146 2 07
X Effector:target

coated with peptide OVA
(253-276) (F and L) and used as targets for lysis by antigen-specific CTLs. (@), Infected or peptide-pulsed
439.4.2 (A to F) or 4398,M%! (G to L); (O), untreated 439.4.2 (A to F) or 4398,M (G to L); (M),
peptide-pulsed R1E/DP; (O0), untreated R1E/DP. Target cells were grown in RPMI 1640 supplemented
with fetal bovine serum (10%), 2 uM glutamine, 5 x 1075 M B-mercaptoethanol, and gentamicin (50
pg/ml) (culture media). For viral infection, cells were washed twice in RPMI 1640, and 30 hemaggluti-
nation units (HAU) of infectious virus in the form of allantoic fluid and >'Cr (200 p.Ci) were added to 1
x 10°to 2 x 10° cells. Target cells were loaded with OVA protein by pinolysis as described (4), without
the 6-hour incubation before addition of >'Cr. Peptide-coated targets were prepared by adding **Cr to 1
x 10° to 2 x 10° cells in culture media (100 ul) with peptide (10 pg). After incubation for 90 min at
37°C, cells were washed four times and resuspended at 3 X 10%ml in culture media. In addition,
OVA(253-276)—coated cells were exposed to peptide by previous overnight incubation with peptide
(100 pM) in culture media. Effectors were a CTL population obtained by in vitro stimulation of spleen
cells from BALB/c (A and G) or C57BL/6 (B and H) mice previously primed with virus, or an
NP(147-158 R™)-specific K®restricted CTL line clone 9 (D and J), an NP(365-380)—specific
DP-restricted line clone 34 (E and K), or the OVA-specific K®-restricted line B3 (C, F, I, and L).
Derivation of CTL populations and clones and assay conditions were as described (17, 20). For each
experimental condition, similar results were obtained in at least three independent experiments.

(10). Here, we have used both B,M-
deficient and normal cells to examine the
role of B,M in peptide binding by class I
molecules.

A B,M-deficient cell line, 4398,Md,
which expresses both H-2¢ and H-2° class I
molecules, was derived from the (BALB/c X
C57BL/6)F, Abelson-transformed cell line
439.4.2, with a two-step selection protocol.
A B,MP-specific monoclonal antibody
(MAD) and complement were used to re-
move cells expressing the 8,M" allele, which
resulted in numerous mutants with the 5’
end of the gene deleted (12). One of these
mutants was then treated with a mixture of
H-2%- and H-2°-specific MAbs and com-
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plement to remove cells with class I expres-
sion. A clone that survived this selection,
439B,M%!, expressed no B,M and had a
deletion at the B,M?* allele (13). As antici-
pated for a B,M-deficient line, these cells
expressed little class I (8, 14, 15) and were
detected best with 28-14-8S, a MAb that
binds the free heavy chains of D® and L9 (6,
14-16) (Table 1). This result is consistent
with previous observations that D® heavy
chains were expressed on the surface of a
B,M-deficient cell line, R1E, that was trans-
fected with the gene encoding D® (14).
However, 4398,M%! cells expressed much
less D® than the R1E/DP transfectant. None
of the other class I-specific MAbs used bind

free class I heavy chains.

To determine if the low numbers of class
I molecules on 4398,M! cells were suffi-
cient to present antigen for CTL recogni-
tion, we infected 4398,M' cells with influ-
enza virus and then tested for susceptibility
to lysis by populations of influenza-specific
CTLs. Although 4398,M“! cells were suc-
cessfully infected [surface expression of viral
proteins (13)], they were not recognized by
virus-specific CTLs restricted by H-2¢ or
H-2° class I molecules (Fig. 1, G and H).
Nor were they recognized by an ovalbumin
(OVA)-specific KP-restricted CTL clone
(B3) after cells were loaded with this protein
by osmotic lysis of pinocytic vesicles (4, 17)
(Fig. 1, I). In contrast, the B,M-positive
parental line 439.4.2 effectively presented
each of these endogenous antigens for rec-
ognition by CTLs (Fig. 1, A to C). The
439B,M! cells pulsed with synthetic pep-
tides that contained the epitopes recognized
by influenza nucleoprotein (NP)—specific
CTL clones (2, 3) were able to present
both K9 and DP-restricted (NP) peptides
for recognition by NP-specific CTLs
(Fig. 1, J and K). These same CTL clones
did not recognize influenza virus—infected
439B,M9! cells (13). The 4398,M cells
pulsed with a K®-restricted OVA peptide
could also be recognized by clone B3 (Fig.
1L); however, optimal lysis required over-
night incubation of 4398,M! cells with the
OVA peptide. Thus, the low amount of class
I expressed on the surface of 439B,M! cells
was sufficient for presentation of exogenous
peptides to CTLs. As anticipated from these
results, the R1E/D® cell line was able to
present the DP-restricted NP peptide for
recognition by the appropriate CTL clone
(Fig. 1K).

These results suggested either that free
class T heavy chains expressed on 439B,M*!
and R1E/D® cells could bind and present
exogenously provided peptide, or, alterna-
tively, that 8,M present in the fetal bovine
serum used as a media supplement was able
to participate in formation of a class I-pep-
tide complex. To distinguish between these
possibilities, we adapted 4398,M' cells to
growth in serum-free media and then as-
sayed for peptide presentation. When
439B,M?! cells were grown and pulsed
with peptide in media deficient in 8,M, no
lysis was observed (Table 2, experiment A).
Lysis could be obtained if cells were pulsed
with peptide in the presence of purified
human B,M. Further evidence that B,M was
required for peptide binding was obtained
by testing the ability of B,M-deficient serum
to promote peptide binding. Removal of 80
to 90% of B,M from human serum by
affinity chromatography with a MAb to
human B8,M, BBM.1, substantially dimin-
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ished its ability to promote peptide binding
by 439B,M! cells (Table 2, experiment B).

This requirement for B,M could reflect
the inability of heavy chain to bind peptide
in the absence of B,M, the inability of CTL
to recognize a heavy chain—peptide complex
that did not contain 8,M, or both. Because
the cytolytic assays were performed in media
supplemented with fetal bovine serum (and
thus B,M), the requirement for §,M prob-
ably was at the time of peptide pulsing. The
4398,M“! cells were incubated overnight in
serum-free media containing 56 wM pep-
tide, and then washed to remove free pep-
tide before incubation in media containing
B,M (Table 2, experiment C). Despite pro-
longed exposure to a high concentration of
peptide, no lysis was observed. In contrast,
cells incubated overnight in media contain-
ing B,M and washed free of B,M before
pulsing with peptide were specifically lysed
by CTLs. The presence of B,M was detect-
able by BBM.1 (mean fluorescence 10.4
over a background of 5.1). Thus, B,M but
not peptide could stably associate with the
class I heavy chain on the cell surface. Only
during or after association with $,M could
heavy chain stably bind peptide. This inabil-
ity of class I heavy chains to stably bind
peptide is consistent with the inability of
439B,M%! cells to present endogenous an-
tigens for recognition by CTLs (Fig. 2).

To estimate the number of class I mole-
cules required for T cell recognition and
lysis, we performed fluorescence-activated
cell sorter (FACS) analysis on cells grown
under conditions used for the cytolytic assay
(Fig. 1). By comparing the amount of fluo-
rescence on 4398,M?! cells grown in serum
with that observed for 439.4.2, we estimat-
ed that K¢, K®, and D¢ were each expressed
on 439B,M! at less than 0.2% of the
amount found in 439.4.2 (Table 1), in
which class I has been estimated to be
approximately 100,000 molecules per cell
(18). The D®-specific monoclonal 28-11-58,
which binds those D® molecules associated
with B,M, detected fewer than 0.4% of the
number of molecules expressed on 439.4.2.
These results suggest an upper limit for the
number of class I molecules required for
CTL recognition in the range of 200 to 400.
The number of class I molecules on
4398,M“! cells could not be increased by
incubating cells in the presence of peptides
that bind K¢, D®, or K® (13).

As a control, we assessed the ability of the
nonmutant B,M™ line 439.4.2 to present
exogenous peptide when grown and pulsed
with peptide in serum-free media. Surpris-
ingly, peptides were presented much less
efficiently by cells pulsed in serum-free me-
dia than by cells pulsed in media supple-
mented with fetal bovine serum (Fig. 2, A
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Fig. 2. Exogenous B,M enhances the efficiency of A B
peptide—lass I association on 439.4.2 cells in sl 1\\
serum-free media. (A and C) 439.4.2 cells were

grown and pulsed with the indicated concentra- 6ok .\'\
tion of peptide in media supplemented with either

fetal bovine serum (@) or serum substitute (O) 20+

and used as targets with CTL clone 9 at an

effector to target ratio of 2:1 (A) or CTL clone 34 20+

at an effector to target ratio of 2.5:1 (C). (B and
D) 439.4.2 cells were grown in media with serum
substitute and pulsed with peptide in media con-
taining serum substitute (O), supplemented with

/

1 1 | 1
25 05 01 002 0 77 22 063
NP(147-158R") (ug/mi) Effector:target

Specific lysis (%)

human B,M (3 ug/ml) (M), or supplemented g c D

with fetal bovine serum (10%) (®); (A), no ol ’\\‘

peptide. Cells were pulsed with NP(147-158 R ™) '\.\-

(2 pg/ml) and used as targets for CTL clone 9 (B) 40

or pulsed with NP(365-380) (10 pg/ml) and used

as targets with CTL clone 34 (D). For each 20 ~~

experimental condition, similar results were ob- X

served in at least three independent experiments. 5'0 2'5 12'_5 6.I75 (l) gﬁgm
NP(365-380) (pg/ml) Effector:target

Table 2. Lysis of 4398,M! cells grown in serum-free media requires B,-M. 4398,M“' cells were
cultured overnight in media containing serum substitute, washed twice, and then incubated for 2
hours with 51Cr. Where indicated, NP(365-380) (56 M), human B,M (3 pg/ml; Sigma), or 20 ul
of human serum-depleted B,M was added during overnight incubation or *'Cr labeling. CTL clone
34 was used at the indicated effector to target ratio to detect formation of the D®-peptide complex.
Cytolytic assays were performed as described in Fig. 1. Results similar to these were also obtained in

two other independent experiments.

Addition overnight Addition during 2-hour pulse Specific
. release 3:1
Experiment NP(365- M NP(365- M Serum (%) :
380) B, 380) B2 - B.M 10:1
A - - - - - 23 14
- - + - - 21 12
- - - + - 21 15
- - + + - 55 25
B - - - + + 21 13
- - + - + 34 27
- - + + + 68 59
C - - - - - 23 14
+ - - - - 25 22
- + - - - 24 20
+ + - - - 48 39
+ - - + - 21 21
- + + - - 61 53

and C). Addition of purified B,M at the
time of pulsing with peptide markedly en-
hanced the efficiency of peptide association
with either K¢ or D® (Fig. 2, B and D).
Thus, class I molecules on normal cells do
not spontaneously bind or exchange exoge-
nously provided peptides, perhaps because
they are already occupied with endogenous
peptides. The B,M may promote the bind-
ing of peptide to normal cells, as it does to
B,M-deficient cells, by its association with
free class I heavy chains, thereby providing
“empty” class I molecules capable of binding
exogenous peptide. Alternatively, because
free B,M readily exchanges with B,M
bound by class I molecules (19), it is also
possible that 3,M exchange facilitates pep-
tide exchange. Serum was more efficient
than purified B,M at promoting peptide
binding by class I molecules on normal cells
(Fig. 2); thus, another component in serum

may further promote peptide binding or
exchange by class I molecules.

Results similar to those obtained with
439.4.2 have been obtained with other cell
lines that have been tested, including the
murine tumor lines P815 and EL4 (13).
Cells must be grown in serum-free media for
1 to 2 weeks before a requirement for §,M
is observed. One cell line tested, T2K® (7),
was able to bind peptide in the absence of
exogenous ,M or serum. Because T2K" is
a mutant line that is believed to transport
empty B,M-associated class I molecules to
the cell surface, this finding supports the
hypothesis that class I molecules on normal
cells do not spontaneously bind exogenous
peptides because they are already occupied.
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Disruption of the Human SCL Locus by
“Illegitimate” V-(D)-J Recombinase Activity

PETER D. ArrAN, DONALD P. LOMBARDI, ANN M. GINSBERG,
JEFFREY COSSMAN, VIRGINIA L. BERTNESS, ILAN R. KirscH

A fusion complementary DNA in the T cell line HSB-2 elucidates a provocative
mechanism for the disruption of the putative hematopoietic transcription factor SCL.
The fusion cDNA results from an interstitial deletion between a previously unknown
locus, SIL (SCL interrupting locus), and the 5’ untranslated region of SCL. Similar to
1;14 translocations, this deletion disrupts the SCL 5’ regulatory region. This event is
probably mediated by V-(D)-J recombinase activity, although neither locus is an
immunoglobulin or a T cell receptor. Two other T cell lines, CEM and RPMI 8402,
have essentially identical deletions. Thus, in lymphocytes, growth-affecting genes other
than immune receptors risk rearrangements.

HE SCL (ALSO CALLED TCL5 AND

tal-1) gene is a member of the family

of genes defined by a primary amino
acid motif consisting of a basic domain (B)
NH,-terminal to a helix-loop-helix (HLH)
structure (1, 2). This family of proteins
participates in either the growth or differen-
tiation of the tissues in which its members
are expressed. In many cases the B-HLH
motif confers both cell type—specific DNA
binding as well as protein-protein dimeriza-
tion capability on the encoded gene product
(3). SCL was originally identified at the site
of a 1;14 translocation associated with the
development of a hematopoietic “stem” cell
leukemia in a 16-year-old male (4). The

SCL transcript is in developing human fetal

liver and adult regenerative bone marrow,
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but it is not in more mature cells of the
lymphoid or myeloid lineages. Because of its
(1) association with a stem cell leukemia, (ii)
pattern of expression, and (iii) identification
as an HLH family member, it probably is a
hematopoietic transcription factor involved
in early hematopoiesis. Other 1;14 translo-
cations involving the SCL locus have been
characterized (2, 5) and are associated with
the development of both stem cell and less
mature T cell leukemias. All of the translo-
cation breakpoints either structurally or
functionally eliminate a portion of the 5’
untranslated region of the SCL message (6).

While studying the SCL transcript, we
used the anchored polymerase chain reac-
tion (PCR) technique (7) to clone cDNA
from the T cell line HSB-2 (8). Sequence
analysis of a subset of the HSB-2 cDNA
clones revealed a novel 5’ exon. One of these
clones was used as a probe in a ribonuclease
(RNase) protection assay and was complete-
ly protected in the HSB-2 cell line (Fig. 1A).
In some other tissues and cell lines, includ-
ing those that do not express SCL, only the
novel exon was protected, suggesting that

the HSB-2 ¢cDNAs were unlikely to repre-
sent a normal, common SCL variant. We
used the same probe to screen a human bone
marrow cDNA library. Two nonoverlap-
ping sets of clones were obtained. One set
belonged to SCL, and the other set con-
tained the novel 5’ exon of the HSB-2
cDNA, no SCL homology, and was other-
wise unique. The cDNA identified by the
novel 5’ exon hybridized to a 5.5-kb mRNA
from thymus and the T cell line SUPT1
(Fig. 1B), neither of which express the
normal 5-kb SCL message. Thus, in the cell
line HSB-2, two normally distinct tran-
scripts, one of which was derived from SCL,
had apparently become fused. The bulk of
SCL, including the complete SCL coding
sequence, had been retained in the fusion
message, but the SCL 5’ end had been
replaced by an exon that was normally found
in a distinct locus (Fig. 2). We called this
newly identified region “SIL” for SCL inter-
rupting locus. As with SCL, SIL is con-
served cross-species (9). We have not found
any significant identity between SIL se-
quences and any gene sequence previously
submitted to GenBank. It is unlikely that a
chimeric SIL/SCL protein is formed, be-
cause SIL joins SCL in the SCL 5’ untrans-
lated region upstream of an in-frame TAA
stop codon that precedes the initiation ATG
in the SCL message.

To analyze the formation of this fusion
gene, we digested HSB-2 genomic DNA
with Bam HI, Eco RI, or Hind III and
probed with probe 2.2XX (Fig. 3A). Rear-
ranged bands were seen in all three digests
(the Hind III digest is shown in the left
panel of Fig. 3B). These rearrangements are
not seen in the SB cell line (10), a B
lymphoblastoid line derived from the same
patient as HSB-2 (11). Thus, the rearrange-
ments are neither polymorphisms nor con-
stitutional rearrangements. Using an SIL

SCIENCE, VOL. 250





