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Fig. 2 Correlation of CD8 and Vg4 expression on cortisone-resis-
tant thymocytes from anti-CD4-treated and control Mls” congenic
Balb/c mice. (Balb/cx Balb.D2.MIs*)F, mice were treated from
birth with anti-CD4 (d) or control anti-DNP mAbs (¢) and injected
with hydrocortisone. Recovered cortisone-resistant thymocytes
were double-stained with anti-Vg, mAb 44-22-1 and anti-CD8 mAb
H35-17.2. Cortisone-resistant thymocytes from untreated Balb/c
(a) and (Balb/cx Balb.D2.Mls®) F, (b) mice are included for
comparison. CD8" cells accounted for 33.1%, 23.2%, 20.6% and
46.5% of the total in a-d respectively. The proportion of V3 cells
in the corresponding subsets was 10.6% (CD8") and 10.7% (CD87)
in g, and 4.1% (CD8") and 4.3% (CD87) in d.

Methods. Neonatal injections and cortisone treatment were as in
Table 1. Staining with mAb 44-22-1 (see Fig. 1) was followed by
biotinylated anti-CD& mAb H35-17.2 (2 ng) and PE-conjugated

avidin (10 pg). Samples were analysed as in Fig. 1.

with the accessory function of CD4 (acting either as an adhesion-
strengthening molecule'® or as part of the functional TCR com-
plex'*) during the interaction of TCRs on V}, CD4"CD8"
precursors with Mls?/class [I MHC molecules on thymic non-
lymphoid cells. In the most straightforward model, such interfer-
ence would neutralize the negative selection mechanism and
thereby allow further differentiation into V5, CD8" mature T
cells. Alternatively, becuse Mls® reactivity is strongly correlated
with CD4 expression'®, it is possible that a positive selection
process in Mls* mice diverts most V5, CD4"CD8" precursors
to the CD4 lineage before negative selection. In this situation,
anti-CD4 mAb treatment would block the dominant positive
selection and again allow Vs CD8" mature T cells to develop.

The nature of the CD8™ Vg, cells ‘rescued’ by neonatal
anti-CD4 mADb treatment requires further study. Aithough these
cells are likely to be CD4" (CD4" and CD8" cells account for
more than 95% of cortisone-resistant thymocytes in normal
mice'?), the possibility that they belong to an aberrant (cor-
tisone-resistant) subset of CD478  thymocytes cannot be
excluded. If indeed CD4" V }¢ cells do arise after anti-CD4 mAb
treatment, then clonal deletion can be subverted without con-
comitant loss of the CD4" T-cell lineage (because putative
positive selection mechanisms requiring CD4 are blocked). The
mechanism underlying this puzzling dichotomy is unclear, but
could be related to differing affinity thresholds for interactions
between TCRs and /or CD4 with their corresponding ligands
during negative and presumed positive selection events.

We demonstrate that clonal deletion of self-reactive cells (at
least in the Mls* system) can be prevented by neonatal
administration of anti-CD4 mAbs. Furthermore, subject to the
caveats mentioned above, our results indicate that the primary
target of anti-CD4 mAbs in this system is the CD4*CD8"
thymocyte subset. These resuits are therefore compatible with
the idea that physiological T-cell tolerance occurs at the
CD4*CD8" stage of development and that CD4"CD8" thy-
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mocytes contain the precursors of both the CD4* and CD8"
mature T-cell lineages.
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Vaccinia virus encodes a secretory
polypeptide structurally related to
complement control proteins

Girish J. Kotwal & Bernard Moss
Laboratory of Viral Diseases, National Institute of Allergy and

Infectious Diseases, National Institutes of Health, Bethesda,
Maryland 20892, USA

Several polypeptides are secreted into the medium of cells infected
with vaccinia virus, a cytoplasmic DNA virus belonging to the
poxvirus family. One of these, a polypeptide of relative molecular
mass 19,000 is structurally related to epidermal growth factor>™
and binds to epidermal growth factor receptor stimulating prolifer-
ation of uninfected cells in vitro®” and in vivo®. Here, we show
that a second, and much more abundant secretory polypeptide, is
also encoded by vaccinia virus and is structurally related to the
superfamily of complement control proteins. Members of this
family can block complement-mediated induction of the inflamma-
tory response, and engulfment, killing and lysis of bacteria and
viruses®'?,

Earlier studies!! indicated that two major polypeptides of
relative molecular mass (M,) 35,000 (35K) and 12,000 (12K)
are present in the medium of cells infected with vaccinia virus.
We confirmed this, and discovered that neither polypeptide was
secreted by cells infected with an attenuated mutant of vaccinia
virus (designated 6/2)'* which has a large deletion near the left
end of the genome (Fig. 1). These results indicated that both
secretory polypeptides were encoded in the region that had been
deleted. The 35K protein was purified from the medium of cells
infected with wild-type virus and the NH,-terminal sequence
was determined. This was compared with each of the 17 open
reading frames, deduced from the nucleotide sequence of the
DNA segment deleted in the mutant virus (G. Kotwal, unpub-
lished), and one was found which matched exactly (Fig. 2).

This sequence started downstream of an initiating methionine
indicating that during translation a signal peptide of 19 amino
acids had been cleaved. The entire open reading frame, of 263
amino acids, has a calculated mass of 28.6K. The apparent
over-estimation by polyacrylamide gel electrophoresis, of the
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Fig. 1 Proteins secreted by cells infected with wild-type vaccinia virus or deletion mutant 6/2. a, An autoradiograph of a polyacrylamide gel
is shown. Lanes are: M, **C-labelled relative molecular mass marker proteins; medium from rabbit kidney (RK-13) cells that were 1, uninfected;
2, infected with wild-type vaccinia virus; 3, infected with vaccinia virus deletion mutant 6/2. Arrows point to 35K and 12K polypeptides
secreted only from cells infected with wild-type vaccinia virus. b, Representation of the HindIII map'® of the genome of vaccinia virus. The
left end of the genome is enlarged; the terminal repeat region is indicated by vertical bars; the deleted region of 6/2 is indicated by the shaded
area; R, B and H refer to EcoRI, BamHI and HindlIII sites, respectively. The arrow indicates the direction and position of the open reading

frame corresponding to the 35K protein.

Methods. RK-13 cells were infected at a multiplicity of infection of 50 with either wild-type vaccinia virus (strain WR) or a deletion mutant
of the WR strain (6/2) in minimal medium (RPMI). After 1 h, 50 .Ci ml~* of [**S]methionine was added. The incubation was continued for
15 h, the medium harvested, and the secreted proteins prepared for SDS-polyacrylamide gel electrophoresis.

Fig. 2 Nucleotide sequence of the
DNA including and flanking the
gene encoding the 35K protein. The
order of amino acids, represented in
the one letter code, was deduced
from the nucleotide sequence. The
site of cleavage of the signal peptide
(indicated by a downward arrow)
was determined from the NH,-
terminal sequence of the secreted
protein. The underlined amino acids
beginning with T indicate the loca-
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Methods. DNA fragments were cloned in M13 vectors, digested with exonuclease III to generate overlapping segments, and the nucleotide
sequence of both DNA strands was determined by the dideoxy chain termination method. The secreted 35K protein was separated on a 12.5%
SDS-polyacrylamide gel and transferred to an Immobilon filter. The NH,-terminal sequence was determined with an Applied Biosystems

477A gas-phase protein sequencing system. The result of the first 18 cycles was —, —,

T,LP, S, R P, I N MK, N,S,V, E. Because cysteines

are not detectable by this method, their release in the first two cycles could only be inferred.

size of the processed polypeptide is not due to glycosylation
because there are no glycosylation sites; moreover incorporation
of glucosamine was not detected (G. Kotwal, unpublished). The
deduced amino acid sequence of the secretory polypeptide
revealed internal repetitions of which the most striking was
Thr-Tyr- Ser-Cys- Asn - Ser-Gly - Tyr- His/Ser - Leu - Ile - Gly -
Glu/Asn-Ser. This occurred between amino acids 90-103 and
154-167, numbered from the NH, terminus of the mature poly-
peptide (Fig.2). In addition, conserved elements of the 60-
amino-acid repeating unit of a superfamily of structurally related
eukaryotic proteins®'® are present in four places, comprising
the entire secreted form of the vaccinia polypeptide (Fig. 2).
This superfamily contains at least 6 complement control pro-

teins, of which 5 interact with C3b or C4b, and three non-
complement proteins.

A search of the NBRF protein data base and GenBank
revealed that the protein with the greatest similarity to the
vaccinia virus 35K secretory protein is the human C4b-binding
protein which contains eight 60-amino-acid repeating units'®
The smaller vaccinia protein has a 38% identity wth the first
half of C4b (Fig.3) and a 28% identity with the second half
(data not shown). Moreover, in the homologous regions, 16 out
of the 17 cysteines are conserved, as are the majority of prolines
and glycines, indicating that the structural similarities may be
even greater than the sequence ones (Fig. 3). Interestingly, the
only gap of more than one amino acid which was inserted into
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Fig. 3 Optimal alignment of the
deduced amino acid sequence of the
vaccinia virus open reading frame
encoding the 35K secretory protein
(top) with the human C4b-binding
protein (bottom). The signal peptide,
absent from the mature protein is 100 110
underlined. Identical amino acids
are connected by a colon and con-
servative amino acids by a full stop.
Cysteine residues present in both

10 20

proteins are highlighted by asterisks. 190 200

Gaps imposed to maximize align-

ment are indicated by dashes. The

sequence comparison was based on

the FastP program of Lipman and
Pearson'’

the vaccinia sequence to improve the alignment with the C4b-
binding protein was opposite a potential glycosylation signal in
the latter. Significant matches (27-28% identity) also occurred
between the vaccinia secretory protein and the mouse comple-
ment factor H precursor, human beta-2-glycoprotein I, and
complement factor B.

The complement system is composed of at least 20 plasma
glycoproteins, of which seven have control functions. The C4b
binding protein has a key role in regulating the classical comple-
ment pathway. It is remarkable that when the algorithm of
Lipmann and Pearson'” was used to compare the human C4b
binding protein with the entire protein database, no entry had
a matching score as high as that of the vaccinia virus secretory
protein. The ability of a virus to negatively regulate the comple-
ment cascade could presumably help counteract host immune
defences. Biochemical and genetic approaches are planned to
determine the role of the vaccinia protein. Preliminary data
indicate that the medium of cells infected with wild-type vaccinia
virus, but not with the 6/2 deletion mutant, contains a factor
that inhibits the clasical pathway of complement-mediated
haemolysis (G. Kotwal, unpublished).

It is generally appreciated that viruses regulate the metabolic
machinery of the host cell to support their own replication. The
discovery of the secretion by vaccinia virus of a growth factor™®
that stimulates the proliferation of neighbouring cells in vivo
prior to their infection® indicated that there may be longer range
extracellular viral effects. The virus-encoded secreted protein
discussed here, that has structural similarity to the superfamily
of complement control proteins extends this idea. It is posible
that such ‘virokines’ represent an important class of proteins
that have been largely overlooked because they are not essential
for virus replication in tissue culture.

We thank Michael Raum and John Coligan for the protein
sequence analysis and Patricia Earl for help with the amino acid
homology searches.
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Phenotypic heterogeneity of cerebrospinal
fluid-derived HIV-specific and
HLA-restricted cytotoxic T-cell clones

K. K. Sethi, H. Naher* & I. Stroehmannt
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A variety of clinical syndromes, including AIDS and neurological
disorders, may follow as a consequence of infection with the human
immunodeficiency virus type 1 (HIV-1)"". It is not yet clear,
however, to what extent the destruction of lymphocytes and neural
cells associated with these conditions is caused by adverse immune
responses to HIV-1 or how much is due to cytopathic effects of
the virus itself. Here we document the existence of HLA-restricted,
HIV-1-specific cytoxic T lymphocytes in the cerebrospinal fluid
of two AIDS patients manifesting neurologic disorders. These
cytotoxic T lymphocytes showed dual specificity®, recognizing
target cells coated with purified HIV-1 envelope glycoprotein
(gp 120) or inactivated HIV-1 in the context of HLA antigens.
Cytotoxic T-cell clones derived from one of the AIDS patients
revealed restriction specificities representing both HLA class I
and HLA class II antigens. Considerable phenotypic heterogeneity
was observed amongst these clones, some expressing conventional
combinations of cytotoxic T-cell surface markers, and others dis-
playing unusual phenotypes. The presence of HIV-specific
cytotoxic T lymphocytes in AIDS patients, and in particular in
their cerebrospinal fluid, suggests that these cytotoxic effectors
may participate in the lymphoid cell and/or neurologic damage
observed in such patients.

Cells derived from the cerebrospinal fluid (CSF) of two AIDS
patients (M.T. and R.N.) with neurologic disorders were dep-
leted of FcY-bearing cells, which exert conventional natural
killer activity, and expanded in vitro before being assayed for
cytotoxicity against a panel of target cells (Table 1). The CSF-
derived cells (CSF-C) from each of the two patients efficiently
lysed HIV-1-infected autologous macrophages and HIV-1- or
gp120-coated target cells which were HLA-A, -B or -DR matched
with respect to at least one locus. They did not, however, cause
significant lysis of matched targets which were left uncoated or
targets which were coated with herpes simplex virus (HSV) type
1. Nor did they lyse HIV-1 or gp120-coated target cells which
were HLA-A, -B and -DR mismatched. Treatment of CSF-C
with anti-CD3 monoclonal antibody and complement, which
selectively depleted T cells, abolished this specific cytotoxicity
confirming that the lytic CSF-C represented T cells (data not
shown).
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