Cleveland, OH). The Intelligenetics Suite programs
(Intelligenetics, Mountain View, CA) were used for
data analysis. DNA blots: 10 to 15 wg of genomic
DNA from either sperm [B. Hogan, F. Constantini,
E. Lacy, in Manipulating the Mouse Embryo (Cold
Spring Harbor Laboratory, Cold Spring Harbor,
NY, 1986), p. 107] or liver was digested with the
indicated restriction enzyme, fractionated by electro-
phoresis through 0.9% agarose gels, blotted, and
hybridized (29).

31. The restriction map of the A4 clone was deduced
from agarose gel band patterns of digests of the
clone with individual restriction enzymes or pairs of
enzymes. Plasmid subclones of the 5.7-kb and 3.7-
kb Eco RI fragments and the 3.6-kb Bam HI-Hind
III fragment were also analyzed. Mapping gels were
blotted and hybridized to the entire F115 cDNA
probe. Mouse repetitive DNA sequence elements
were detected [M. Steinmetz et al., Cell 24, 125
(1981)] in a ~1.7-kb region between the Bgl IT and
Xba I sites as indicated by probing restriction digests
of \-phage clone DNA (1 pg per lane) with ?P-
labeled whole genomic DNA. A mouse CD23
cDNA [S. O. Gollnick et al. in (29)] containing
repetitive elements in its 3'-untranslated region was
used as a control.

32. Databases screened were the EMBL nucleic acid
sequence bank release 20, Genbank release 61, Swiss
Prot protein sequence database release 12, and

Protein Identification Resource release 21. No other
herpes virus sequences in the databases had any
sequence with such a marked relationship to CSIF,
although a weakly homologous sequence was found
in the varicella zoster virus genome [A. J. Davison
and J. E. Scott, J. Gen. Virol. 67, 1759 (1986);
nucleotides 31965 to 32133; 24% identity over 59
amino acids]. The search did not reveal any proteins
with significant homology to the ORF in the 3'-
untranslated sequence of F115, although we noted
an isolated seven amino acid identity between this
ORF (nucleotides 1144 to 1164; Fig. 3A) and
amino acids 62 to 68 of a mouse T cell receptor VB
sequence (D. L. McElligott, S. B. Sorger, L. A.
Matis, S. M. Hedrick, J. Immunol. 140, 4123
(1988).
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Induction of CD4" Human Cytolytic T Cells Specific
for HIV-Infected Cells by a gp160 Subunit Vaccine

Rimas J. OreNtAS, JAMES E. K. HILDRETH, EUGENE OBAH,
MicHAEL POLYDEFKIS, GALE E. SMITH, MARY LoU CLEMENTS,

RoOBERT F. SiLiciaNO

Cytolytic T lymphocyte (CTL) responses were evaluated in humans immunized with
recombinant human immunodeficiency virus type 1 (HIV) envelope glycoprotein
gp160. Some vaccinees had gpl60-specific CTLs that were shown by cloning to be
CD4*. Although induced by exogenous antigen, most gp160-specific CTL clones also

recognized gp160 synthesized endogenously in target cells. These clones lysed autolo- -

gous CD4* T lymphoblasts infected with HIV. Of particular interest were certain
vaccine-induced clones that lysed HIV-infected cells, recognized gpl60 from diverse
HIV isolates, and did not participate in “innocent bystander” killing of noninfected

CD4* T cells that had bound gp120.

HE HOST RESPONSE TO VIRAL IN-

fection depends on the lysis of infect-

ed host cells by virus-specific CTLs
(7). Several candidate HIV vaccines are sol-
uble recombinant forms of the HIV enve-
lope glycoproteins gpl60 and gpl20 (2).
Soluble protein antigens do not normally
elicit a CD8" CTL response because the
processing pathways for exogenous protein
antigens do not allow association of these
antigens with class I major histocompatibil-
ity complex (MHC) molecules (3, 4). Solu-
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ble protein vaccines, therefore, probably will
not elicit CD8", class I-restricted CTLs like
infection with HIV does (5, 6). Instead,
exogenous protein antigens associate with
class II MHC and are recognized by CD4™"
T cells (7). Because some virus-specific
CD4* T cell clones have cytolytic activity
(8), soluble subunit vaccines may also elicit
specific CTLs. However, the usefulness of
such CD4" CTLs in limiting the spread of
viral infection will depend on whether the
processing of endogenously synthesized vi-
ral protein in infected cells permits associa-
tion of viral antigen with class II MHC and
subsequent recognition by CD4* CTLs in-
duced with soluble exogenous forms of the
same viral protein. In other viral systems,
the processing of endogenously synthesized
viral proteins for recognition by CD4" T
cells has been documented in some (9), but
not other (3, 10), cases.

We analyzed the CTL response in human
volunteers immunized with an HIV subunit
vaccine that consisted of a purified recombi-
nant form of the envelope glycoprotein pre-
cursor, gpl60 (11). Healthy HIV-seronega-
tive volunteers received intramuscular injec-
tions of 40 or 80 p.g of recombinant gp160
(MicroGeneSys, Inc., West Haven, Con-
necticut) with alum at 0, 1, 6, and 18
months (12). Other volunteers received
alum alone or hepatitis B vaccine according
to the same immunization schedule. CTL
responses were evaluated immediately be-
fore and 2 weeks after the 18-month boost.
Peripheral  blood mononuclear  cells
(PBMC) from vaccinees and controls were -
stimulated in vitro with gpl60 and then
tested 7 days later for cytolytic activity
against autologous Epstein-Barr virus—
transformed B lymphoblastoid cell lines (B-
LCL) pulsed with gpl60 (Fig. 1). Cultures
from normal, nonimmune, HIV-seronega-
tive donors (# = 10) and from control vac-
cinees immunized with alum (n =2) or
with a hepatitis B vaccine. (n = 3) lacked
antigen-specific CTL activity. The culture
from one of eight gpl60 vaccinees was
positive for gpl60-specific cytolytic activity
immediately before the 18-month boost,
even though this volunteer received only 40
ug of antigen and it had been over 1 year
since the last boost. When retested 2 weeks
after the boost, three of eight volunteers had
gpl60-specific CTL activity, including the
volunteer who was positive before the
boost. Thus repeated immunization with
low doses of soluble HIV envelope protein
induced a CTL response in a significant
fraction of those immunized, and in some
cases activity persisted for over 1 year.

To characterize the cells responsible for
the gp160-specific cytolytic activity, positive
cultures were restimulated with antigen and
then cloned by limiting dilution; all positive
cultures were successfully cloned (Table 1).
All of the clones had the CD4*CD8" phe-
notype. The isolation of CD4™" clones was
not due to selection against CD8* cells
during the cloning procedure because posi-
tive bulk cultures consisted almost exclusive-
ly of CD4* lymphoblasts (14). The cytolytic
activity of vaccine-induced gp160-specific T
cell clones was class II MHC-restricted.

In infected cells, the envelope protein
precursor gpl60 is cleaved by a cellular
protease into an NH,-terminal fragment,
gpl20, that contains the CD4 binding site
and a COOH-terminal fragment, gp41, that
contains the hydrophobic fusion and trans-
membrane anchor domains (15). These sub-
units remain noncovalently associated on
the surface of infected cells and on the
envelope of HIV virions. HIV isolates have
sequence variability in both subunits, but it
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is predominantly in gp120 (16). To deter-
mine whether CTL clones induced with
gp160 recognized determinants in gp120 or
gp41, clones were tested for lysis of B-LCL
targets pulsed with purified recombinant
gpl60 or gpl20 (11) or with a fusion
protein containing a portion of gp41 (17).
Six of 11 vaccine-induced CTL clones rec-
ognized epitopes on the gp120 subunit (Ta-
ble 1). The remaining clones responded to
gpl60 but not gpl20. One of these clones,
C.28, recognized a determinant contained
within residues 546 to 645 of gp41.
Although vaccine-induced CD4* CTL
clones lysed target cells that had taken up
and processed exogenous envelope protein,
the potential in vivo efficacy of these CTLs
depends on whether they lyse infected cells
that are synthesizing the envelope protein
endogenously. Therefore, vaccine-induced
CTL clones were tested for lytic activity
against target cells infected with recombi-
nant vaccinia virus vectors carrying the HIV
env gene (18) (Fig. 2A). The CTL clone B.8
lysed autologous B-LCL targets pulsed with
soluble gpl20 and targets infected with a
vaccinia vector carrying the HIV env gene
(vac-env). Targets cells infected with a con-
trol vaccinia vector lacking the HIV env
gene (vac) were not lysed. Thus the HIV
envelope protein can be processed for recog-
nition by vaccine-induced CD4* CTLs
when it is synthesized within the target cell,
aresult consistent with previous mechanistic
studies (19). Not all vaccine-induced clones,
however, recognized endogenously synthe-
sized gpl60 (Table 1). Because many vac-
cine-induced CD4* CTL clones lysed target
cells that were synthesizing gpl60 endoge-
nously, we tested their lysis of HIV-infected
T cells. Using the mitogen phytohemagglu-
tinin (PHA), we generated CD4" T cell
clones of irrelevant specificity from two
different vaccine recipients. These clones
(B.15 and C.30) were infected with HIV
and then used as targets in assays with
autologous gp160-specific CTL clones. Un-
der the conditions of infection used (20),
target cells were uniformly positive for
expression of HIV gag proteins by indirect
immunofluorescence analysis on permeabi-
lized cells with monoclonal antibodies to
p24 (Fig. 2B). The target T cell clones, B.15
and C.30, after infection with HIV, were
lysed by autologous vaccine-induced CTL
clones (B.8 and C.28, respectively) in an
MHC-restricted fashion (Fig. 2C). Unin-
fected targets were not lysed. To evaluate
the possibility that some of the observed
lysis of HIV-infected cells was due to the
uptake and processing of exogenous gp120
released by infected cells, noninfected target
clones were pulsed with heat-inactivated,
noninfectious supernatants from HIV-in-
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Fig. 1. Detection of gpl60-specific CTLs in 80
cultures from gpl60 vaccine recipients. Ficoll- 60
Hypaque purified PBMC from vaccinees and
controls were stimulated in vitro with gpl60 as dor
described (13). After 7 days, responding cells were 20}
assayed for cytolytic activity against autologous B-
LCL pulsed with a baculovirus control superna-
tant (O) or with gpl60 (@) at 60 wg/ml for 16 60
hours at 37°C. CTL activity was measured in a
standard *'Cr release assay (24). Source of effector
cell populations: (A) The CD4* gpl20-specific
CTL clone Een217 that recognizes amino acids
410 to 429 of gpl60 (PV22 isolate) in associa-
tion with the human class IT molecule DR4 (13)
was used as a positive control. (B and C) Repre-
sentative day 7 cultures from two different nonim-
mune, HIV-seronegative volunteers. (D) Repre-
sentative day 7 culture from a hepatitis B vaccinee. 0
(E) Representative negative culture from a gp160
vaccinee. Cultures negative for gpl60-specific

G
CTL activity on day 7 remained negative follow- 40} .
ing repeated in vitro antigen stimulation, demon- 20l .
strating that day 7 cultures provided an accurate /

assessment of the magnitude of the CTL re- 0 et
sponse. (F) Positive da%rn; culture from a gpl60 0% 1?0 3 1030 100
vaccinee tested immediately before the 18-month E:T Ratio
boost. (G) Restimulated day 14 culture from the
same vaccinee. Cultures positive on day 7 invariably remained positive following further in vitro antigen
stimulation. (H) Freshly isolated PBMC from a gp160 vaccinee whose day 7 culture was positive. The
detection of lytic activity required in vitro antigen stimulation because even in gp160-vaccinees with a
positive response, freshly isolated PBMC had no specific CTL activity. In contrast, HIV-specific CTL
activity can often be detected without an in vitro restimulation step in freshly isolated PBMC from
HIV-seropositive individuals (5, 6). '

Specific lysis (%)
o

w

Table 1. Properties of gpl60-specific CTL clones. CTL clones were derived by limiting dilution
cloning from all vaccine recipients with positive bulk culture assays (23). Clones from two of these
donors (B and C) were highly stable upon in vitro culture, and their properties are summarized below
along with the properties of the described (13) gp120-specific clone Een217 that was isolated from a
nonimmune, HIV-seroriegative adult (donor A). The phenotype of the clones was determined by
indirect immunofluorescence as previously described (13). MHC restriction was determined in blocking
studies with monoclonal antibodies to class I (W632) and class II (MHM33). All clones were
CD4*CD8™ and class II-restricted. Cytolytic activity of gp160-specific T cell clones was measured in
standard *'Cr release assays (24) at effector to target (E:T) ratios of 10:1. Similar results were obtained
at E:T ratios of 30:1. Targets cells were autologous B-LCL or autologous CD4™ T cell clones of
irrelevant specificity. Targets were pulsed with the indicated recombinant proteins (11, 17) or infected
with the indicated vaccinia virus vectors carrying the HIV env gene (vac-env) (18) or with HIV (20).
Indicated in parentheses are the HIV isolates used for infection of targets or as a source of the env gene
for production of protein or recombinant vaccinia vectors. Results are expressed in terms of percent
antigen-specific lysis of target cells which is the percent specific lysis of antigen-bearing targets cells
minus the percent specific lysis of appropriate control target cells. For target cells pulsed with
recombinant envelope proteins, control targets were cells pulsed with media alone. For target cells
infected with vaccinia vectors carrying the HIV env gene, control targets were cells infected with the
control vaccinia vector vSC8 (vac) that lacks the HIV env gene. For HIV-infected target cells, control
targets were mock-infected CD4™ T cell clones; ++ +, antigen-specific lysis of >50%; ++, antigen-
specific lysis of 25 to 50%; +, antigen-specific lysis of 15 to 25%; —, antigen-specific lysis of <10%.

Antigen-specific cytolysis
cl Do- B-LCL targets CD4* T cells
one nor
gpl60  gpl20 546-645 gpl20 vac-env vac-env gpl20 HIV
(BRU) (BRU) (BRU) (SF2) (BHS8) (MN) (BRU) (IIlb)
Een217 A +4++ 4+ - + +++  NT* ++ +
B5 B +++ +++ - - - - - NT
B8 B +++ ++ - - +++ - ++ 4+t
B.10 B ++ + - - - - - NT
B.12 B +++  +++ - - - - - NT
B.14 B +++  ++ - - + NT ++ NT
B.16 B +++ ++ - - - - - NT
C.22 C +++ - - - ++ NT - NT
Cc23 C +++ - - - ++ NT - NT
C.28 C +++ - +++ - +4++ o+t - ++
C.29 C +++ - - - + NT - NT
C.3l1 C ++ - - - + NT - NT

*NT, not tested.
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fected targets and then tested for susceptibil-
ity to lysis by autologous CTL clones (Fig.
2C). The gpl20-specific clone B.8 did lyse
noninfected autologous CD4" lympho-
blasts pulsed with supernatants from infect-
ed cultures, but less well than HIV-infected
cells. The gp41-specific clone C.28, as ex-
pected, did not lyse supernatant-pulsed cells.
These data demonstrate that certain vaccine-
induced CTL clones can recognize endoge-
nously synthesized gpl60 and directly lyse
HIV-infected cells.

Assessment of the potential efficacy of
vaccine induced CTLs is further complicated
by the noncovalent nature of the association
between gp120 and gp41 that allows gp120
to spontaneously dissociate; after release
from gp41, gp120 can bind to CD4. Nonin-
fected, activated CD4" T cells can take up
and process exogenous gpl20 for associa-
tion with class II MHC gene products and
can then be lysed by gp120-specific CD4*
CTLs (13). To determine whether vaccine-
induced CTLs could also mediate the de-
struction of noninfected CD4* T cells in the
presence of gpl20, activated autologous
CD4* T cell clones of irrelevant specificity
were pulsed with gp120, labeled with 'Cr,
and then used as targets in cytolytic assays
with vaccine-induced CTL clones (Table 1).
Two of 11 vaccine-induced CTL clones
lysed noninfected autologous CD4* T cells
pulsed with gpl20. As expected, this reac-
tion was observed for gp120-specific clones,
but not for gp41-specific clones.

-o-Media —--gp120 =-vyac  -v-vac-env

The most useful vaccine-induced CTLs
would be able to recognize gpl60 from
divergent HIV strains. Cross-reactivity on
purified gpl20 from the divergent SF2
strain was observed for clone Een2l17,
which recognizes a partially conserved
gpl20 epitope (13, 21). Other vaccine-in-
duced clones with specificity for determi-
nants in gpl20 showed little reactivity to-
ward SF2 gpl20, indicating that some hu-
man T cell epitopes in gp120 are localized to
the variable regions of the protein (Table 1).
For the gp4l-specific clone C.28, cross-
reactivity was tested using a recombinant
vaccinia vector carrying the env gene of the
divergent MN isolate. This clone was cross-
reactive on cells expressing MN envelope
protein (Fig. 3), a result consistent with the
lower degree of variability in the gp41 por-
tion of the env gene. Thus some vaccine-
induced CTL clones recognize highly con-
served regions of the envelope protein.

Analysis of the immune response induced
by the soluble gpl60 vaccine revealed sever-
al unexpected results. First, even though all
of the T cell clones isolated from vaccine
recipients had the CD4" phenotype, most
of them were cytolytic. Second, our data
demonstrate that when the HIV envelope
protein is synthesized in infected cells, it is
processed for recognition by CD4" T cells.
Thus, envelope protein subunit vaccines can
elicit in humans CTLs active against HIV-
infected cells. The ‘mechanism by which
endogenously synthesized envelope protein
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Fig. 2. Lysis of target cells expressing the HIV env
gene by vaccine-induced CTLs. (A) The vaccine-
induced CTL clone B.8 was tested for cytolytic
activity to autologous B-LCL pulsed with media
alone, pulsed with recombinant gpl20 (60
ng/ml), infected with vac-env, or infected with the
control vaccinia vector (vac). (B) Expression of
gag Eroteins by HIV-infected CD4* T cells.
CD4" T cell clones of irrelevant specificity were
infected with HIV (19) and analyzed 4 days later
for expression of HIV gag proteins by immuno-
fluorescence on permeabilized cells using anti-p24
monoclonal antibodies. A representative experi-
ment with clone C.30 is shown. (C) Lysis of
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HIV-infected CD4* T cells by vaccine-induced CTL clones. Targets were mock-infected T cell clones,
clones infected with HIV, or clones pulsed with heat-inactivated (56°C, 30 min) supernatants from
HIV-infected cells. Lysis by autologous vaccine-induced CTL clones was measured 4 days after
infection in a standard 8-hour *'Cr release assay. The E:T ratio was 1:1. Similar results were obtained at

higher E:T ratios.
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Fig. 3. Lysis of target cells expressing the HIV env
gene from a divergent HIV strain. The vaccine-
induced CTL clone C.28 was tested for cytolytic
activity against autologous B-LCL pulsed with
media alone, or infected with vac-env vectors
carrying HIV env gene from the BHS isolate or
from the divergent MN isolate, or with the
control vaccinia vector (vac). The BHS8 env se-
quence is similar to that of the BRU isolate used
in the preparation of the gpl60 vaccine.

is processed for recognition by CD4* CTLs
is unclear, but may involve the expression of
the protein on the cell surface followed by
internalization and processing in an endo-
cytic compartment (19). Detailed studies of
the specificity of vaccine-induced CTL
clones revealed the existence of several dif-
ferent patterns of responsiveness (Table 1).
Most importantly, these studies led to the
identification of a subset of vaccine-induced
CTL clones (such as C.28) with a combina-
tion of properties likely to be particularly
advantageous in vaccine development: the
ability to lyse HIV-infected cells, cross-reac-
tivity on diverse HIV-1 isolates, and failure
to mediate the gpl20-dependent destruc-
tion of noninfected CD4* T cells. We pro-
pose that subunit vaccines that contain the
extracellular portion of gp41, a region that
is known to be immunogenic (22), may
preferentially induce CTL clones of this
type. In summary, although the induction of

-virus-specific CTL responses is traditionally

associated with attenuated live viral vac-
cines, our results demonstrate that envelope
protein subunit vaccines, which have greater
inherent simplicity and safety, may also in-
duce CTLs active against HIV-infected cells.
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Light Pulses That Shift Rhythms Induce Gene
Expression in the Suprachiasmatic Nucleus

BENJAMIN RUSAK, HAROLD A. ROBERTSON, WiLLIAM WISDEN,

STEPHEN P. HUNT

Lighting cycles synchronize (entrain) mammalian circadian rhythms by altering
activity of cells in the suprachiasmatic nucleus (SCN) of the hypothalamus, a circadian
pacemaker. Exposure of hamsters and rats to light pulses at those phases of the
circadian rhythm during which light can shift the rhythm caused increased immunore-
activity for the product of the immediate-early gene c-fos in cells in the region of the
SCN that receives retinal fibers. Light pulses also increased messenger RNA for the
Fos protein and for the immediate-early protein NGFI-A in the rat SCN. Similar
increases in mRNA for NGFI-A were seen in the SCN of hamsters. Thus cells in this
portion of the SCN undergo alterations in gene expression in response to retinal
illumination, but only at times in the circadian cycle when light is capable of

influencing entrainment.

AILY (CIRCADIAN) RHYTHMS ARE
a pervasive feature of mammalian
physiology and behavior (). They
are controlled by a system that includes a
central pacemaker (or clock), which gener-
ates an endogenous near 24-hour periodic-
ity, and an entrainment mechanism, which
responds to environmental lighting cycles by
adjusting the period of this rhythm to pre-
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cisely 24 hours and synchronizinig its phase
to local time. The entrainment mechanism
operates by producing daily phase shifts in
the pacemaker, primarily in response to light
exposure between dusk and dawn; the circa-
dian system is relatively insensitive to light
during the day (2).

In mammals, the dominant pacemaker for
many daily rhythms is the suprachiasmatic
nucleus (SCN), located in the anterior hy-
pothalamus immediately dorsal to the optic
chiasm (3) (Fig. 1A). Two visual projections
reach the SCN, one originating in the retina
(4, 5) and one originating in a retinorecipi-
ent area of the lateral geniculate nuclei [the
intergeniculate leaflet (IGL) and adjacent
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