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Mark R. Leg, Davib D. Ho, MARK E. GURNEY*

Dementia is common in patients with AIDS, but the mechanism by which the human
immunodeficiency virus type 1 (HIV-1) causes the neurological impairment is un-
known. In this study the possibility that an antigen of HIV-1 suppresses neuronal
responses to neurotrophic factors was examined. Both HIV-1 and a related retrovirus,
simian immunodeficiency virus (SIV), inhibited the growth of sensory neurons from
chick dorsal root ganglia in medium containing neuroleukin (NLK) but not in medium
containing nerve growth factor. An unrelated type D retrovirus, simian acquired
immunodeficiency syndrome virus, did not affect the growth of neurons in the
presence of either neurotrophic factor. The inhibition by HIV-1 of neuron growth in
the presence of NLK was found to be due to the gp120 envelope glycoprotein. Regions
of sequence homology between gpl20 and NLK may account for this inhibitory
property of gpl20 and functional interactions between gpl20 and NLK may be

important in the pathogenesis of the AIDS dementia complex.

EMENTIA IN PATIENTS WITH THE
D acquired immune deficiency syn-

drome (AIDS) is characterized by
poor memory, inability to concentrate, apa-
thy, and psychomotor retardation (1). This
AIDS dementia complex is associated with
direct infection of the brain by the human
immune deficiency virus type 1 (HIV-1)
(2). Within the brain, the monocyte-macro-
phage appears to be the target of HIV
infection, suggesting that HIV may cause
AIDS dementia indirectly (3). For example,
HIV-1 infection may activate inappropriate
secretion of monokines, such as interleukin-
1 or tumor necrosis factor, which may im-
pair neuronal function or compromise the
integrity of the blood-brain barrier (3). A
second alternative is that release of HIV-1
antigens from infected monocyte-macro-
phages may interfere directly with neuronal
function. This would be much like the
mechanism of immunosuppression by onco-
genic retroviruses. Infection by feline leuke-
mia virus causes immunosuppression by the
direct suppressive effects of the retroviral
envelope glycoprotein on immune cell func-
tion (4). In support of an antigen hypothesis
of AIDS dementia is the correlation be-
tween the amount of HIV-1 core antigen
detected in the cerebrospinal fluid and the
severity of dementia in AIDS patients (5).
The homology of a region of the amino acid
sequence of neuroleukin to a highly con-
served domain of the HIV-1 external enve-
lope glycoprotein (gp120) led us to examine
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the hypothesis that an HIV-1 antigen direct-
ly suppresses neuronal responses to neuro-
trophic factors (6).

During development, neurotrophic fac-
tors influence neuronal growth and survival
(7). The role of these factors in the adult is
less well defined. They may regulate plastici-
ty (8), maintain neuronal metabolism, or
influence neurotransmitter synthesis (9), but
they have less influence on neuronal survival
unless adult neurons are axotomized or oth-
erwise damaged (10). We examined the
interaction of HIV-1 with two different
neurotrophic factors, nerve growth factor
(NGF) (11) and neuroleukin (NLK). HIV-1
has no sequence homology to NGF.

Sensory neurons were cultured from em-
bryonic chick dorsal root ganglia (DRG).
Early in development, virtually all DRG
neurons require NGF for growth and sur-

vival in tissue culture (12). As development
proceeds, most neurons lose responsiveness
to NGF because of loss of NGF receptors
(13). Some of these become responsive to
NLK (6, 12). Late in development, DRG
neurons that retain responsiveness to NGF
express characteristics of differentiated pain
neurons (14). At embryonic day 10, about
40% of the DRG neurons respond solely to
NGEF in tissue culture, 40% respond solely
to NLK, and about 10% respond to both
factors. By embryonic day 16, dually re-
sponsive sensory neurons are absent, as are
neurons that can be grown with NGF, while
40% of the DRG neurons retain responsive-
ness to NLK (6, 12). The dual-responsive
neurons may represent a transitional pheno-
type indicating a switch from NGF to NLK
responsiveness. Thus, by preparing cultures
from embryonic day 10 DRG, we could
examine the effects of HIV-1 antigens on
neurons responsive solely to NLK or NGF
or to both factors.

In preparing the cultures, we removed
most of the non-neuronal cells by “preplat-
ing.” The neurons had processes and ex-
pressed the 200-kD and 160-kD intermedi-
ate neurofilament proteins. The remaining
polygonal, neurofilament-negative, gangli-
onic non-neuronal cells accounted for 10%
of the cells cultured. NLK primarily influ-
ences the survival and growth of cultured
neurons; previous studies have shown that
NLK is not a mitogen, nor does NLK
influence the survival of non-neuronal cells
(6).

In the absence of NLK or NGF, only 3%
to 5% of the neurons developed processes
and survived 48 hours in vitro (Fig. 1a). The
remaining 90% of the cells plated failed to
elaborate processes and died. In contrast,

Table 1. Disrupted HIV-1 or SIV inhibits chick sensory neuron growth with NLK but not with NGF.
Viral concentrates (diluted 1:1000) and NLK (1 nM) or NGF (3 nM) were added to the culture
medium. The results are expressed as number of neurons per culture well. The culture wells were seeded
with 2050 = 120 cells scored 3 hours after plating. Process-bearing cells were scored microscopically
after fixation. Values tabulated are mean + SD for four replicate culture wells. The culture plates were
coded and scored blind. The experiment was repeated multiple times with similar results. The HTLV-
1T isolate of HIV-1 was grown on H9 cells; SIV was grown on HUT-78 cells; and SAIDS-D was
grown on Raji B-lymphoblastoid cells. Productive infections were obtained as assayed by reverse
transcriptase (RT) activity and by cytopathology (27). The RT activities (per milliliter of culture
supernatant) observed were 1.6 X 10° cpm for the HIV-1 infection, 1.9 X 10 cpm for the SIV
infection, and 2.2 x 10° cpm for the SAIDS-D infection. The 40-ml samples of culture supernatants
were cleared of cells and debris by centrifugation at 9000y for 20 minutes. The virions were then
subjected to ultracentrifugation at 100,000y for 60 minutes. Each pellet was resuspended in 0.4 ml of
TX-100 buffer containing 0.1% Triton X-100, 5 mM dithiothreitol, 100 ma{ KCl, and 50 mM tris-HCl
(pH 7.4) to disrupt the virions and destroy infectivity.

Neurotrophic C Virus added
factor ontrol
HIV-1 SIvV SAIDS-D
NLK 1010 = 56 320 = 72% 360 + 53* 890 + 1309
NGF 1050 = 140 1070 = 170 1110 = 140 1020 = 110
NLK + NGF 1640 = 140 1100 = 110% 1130 = 170t 1610 = 170

*P < 0.005; TP < 0.01; +P < 0.03; paired one-tailed 7 test with Bonferroni correction against number of sensory
neurons scored in the respective control. INo significant difference, although in this experiment neuron survival
was slightly decreased.
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when grown in the presence of either NLK
or NGF, up to 45% of the cells rapidly
developed processes within 12 hours (Fig.
1, b and c). Each factor maintained the
survival of the differentiated neurons for the
duration of the culture period.

The survival of 50% of the maximum
number of sensory neurons in the 48-hour
culture assay was elicited by 19 ng of NLK
per milliliter (3.4 x 1071°). To obtain
maximum survival of sensory neurons, we
routinely used 1 nM NLK and 3 nM NGF.

We tested detergent-disrupted, noninfec-
tious preparations of HIV-1, simian immu-
nodeficiency virus (SIV), and simian ac-
quired immunodeficiency virus type D
(SAIDS-D) for suppression of sensory neu-
ron growth in NLK or NGF. HIV-1 and
SIV are related, type C cytopathic retrovir-
uses (15), whereas SAIDS-D is an unrelated
type D retrovirus (16). SIV causes a disease
in macaques that resembles human AIDS,
including primary retroviral encephalopathy
(15). Rhesus monkeys infected with
SAIDS-D also develop immunodeficiency,
but the disease differs from human AIDS in
that it leads to a depletion of both T and B
cells and the ratio of helper to suppressor T
cells does not reverse (16). Brain infection
by SAIDS-D with consequent neurological
dysfunction has not been reported.

Concentrates of HIV-1 and SIV sup-
pressed the growth of sensory neurons in
NLK at virus dilutions of 1:1000. Further
dilution diminished the inhibition of neuron
growth in NLK. The TX-100 disruption
buffer did not interfere with the assay at
dilutions greater than 1:1000. Neither
HIV-1 nor SIV affected sensory neuron
survival in NGF. SAIDS-D did not inhibit
neuron growth in either NGF or NLK at
the virus dilutions tested. In repeated experi-
ments HIV-1 and SIV consistently sup-
pressed the growth of sensory neurons in
NLK without affecting the growth of senso-
ry neurons in NGF (Table 1). In cultures
grown with both NLK and NGF and treat-

ed with either HIV-1 or SIV, the number of
neurons obtained was equivalent to the
number obtained in cultures grown solely
with NGF. Thus, HIV and SIV inhibited
the growth of sensory neurons in the cul-
tures that were responsive solely to NLK,
but did not inhibit the growth of dually
responsive neurons, which presumably were
maintained by the NGF.

The suppression of sensory neuron
growth in NLK was demonstrated with
many different preparations of HIV-1, in-
cluding sucrose banded HIV harvested from
the H9/HTLV-IIly producer cell line (Lit-
ton Bionetics); density gradient purified
HIV-1(LAV) grown on phytohemaggluti-
nin-stimulated human peripheral blood
mononuclear cells; and pelleted HIV-1
(HTLV-IIIg) grown on the T-lymphocytic
cell lines H9, Molt-4, and Molt-3B; and
HIV-1(HLTV-IIlg) grown on the mono-
cytic cell lines U937, A3.5, and A4.5. Both
detergent-disrupted HIV-1(LAV) prepara-
tions and heat-inactivated HIV-1(LAV)
(56°C for 3 hours) suppressed sensory neu-
ron growth in NLK. No inhibition of NGF
bioactivity was observed with any of the
HIV-1 preparations.

The effects of disrupted HIV-1 on the
growth of sensory neurons in NLK may be
interpreted in at least two ways. HIV-1 may
be selectively toxic to NLK-dependent sen-
sory neurons and this toxicity may be inde-
pendent of the biological activity of NLK.
Alternatively, HIV-1 antigens may inhibit
the biological activity of NLK by binding to
a surface component of the sensory neuron;
such binding could render the neuron re-
fractory to NLK action. To distinguish be-
tween the two hypotheses, we compared
the effects of incubating the neurons with
HIV-1 before exposing them to NLK, ex-
posing them to HIV-1 for the entire culture
period (0 to 48 hours), and exposing them
to HIV-1 after growth had been established
(24 to 48 hours). In a control experiment
we added a monoclonal antibody to NLK

Table 2. Effect of timed addition of HIV-1 or monoclonal antibody to NLK on the response of sensory
neurons to 1 nM NLK. Sensory neurons were incubated with HIV-1 or with the B130.6 monoclonal
antibody to NLK (I7) for 3 hours (—3 hours to 0 hour) and then washed twice with medium prior to
seeding in the culture well. Alternatively, HIV-1 or B130.6 was included in the culture medium during
the entire 48-hour culture period (0 to 48 hours) or was added for only the second 24 hours of culture
(24 to 48 hours). The wells were seeded with 1700 + 180 cells scored at 3 hours after plating. Process-
bearing cells were scored microscopically after fixation. Values tabulated are neurons per well

(mean % SD) for six replicate culture wells.

Addition to culture

Period of

treatment NLK HIV-1 B130.6
—-3to 0 hour 760 + 160 290 + 76* 720 + 120
0 to 48 hours 860 = 150 220 + 35% 192 = 70*
24 to 48 hours 810 = 31 680 = 73 660 = 70t

*P < 0.002; 1P < 0.05; paired, one-tailed # test with Bonferroni correction against number of sensory neurons scored
in the respective control. The experiment was repeated once and a similar result was obtained.
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(designated B130.6) to cultures grown un-
der similar conditions (6, 17).

Dissociated DRG cells were incubated for
3 hours on tissue culture plastic in culture
medium to remove adherent non-neuronal
cells and were treated concurrently with
either disrupted HIV-1 or B130.6. The cells
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Fig. 1. The influence of 1 nM NLK and 3 nM
NGF on the survival of cultured chick sensory
neurons. Total cells (O) and cells with neurites
(A) were counted in four replicate wells at the
indicated times. Error bars represent mean = SD.
In the absence of NLK or NGF, most cells die
within 24 hours in culture (A). In the presence of
NLK (B) or NGF (C), up to 45% of the neurons
show processes within 12 hours of culture and
they survive throughout the culture period. Chick
embryonic day 10 ganglia were dissected under
sterile conditions, digested with 0.1% trypsin for
20 minutes at 37°C, washed in culture medium,
and then triturated into a single-cell suspension.
Cell suspensions were plated in 10-cm plastic
tissue culture dishes for 3 hours at 37°C; nonad-
herent neurons were harvested and seeded in 16-
mm culture wells coated with poly-ornithine (100
pg/ml in 150 mM borate buffer) and then laminin
(Collaborative Research, 10 pg/ml). Cells at-
tached to the culture substrate and process-bear-
ing cells were counted at the indicated times in a
swath of ten microscope fields per culture well
(4% of the culture surface). The NLK and NGF
were added to the culture medium, which consist-
ed of Dulbecco’s modified Eagle’s medium con-
taining glucose at 6 mg/ml, 10% heat-inactivated
horse serum, penicillin at 100 U/ml, and strepto-
mycin at 100 pg/ml. Recombinant mouse NLK
was produced by transient expression in monkey
COS cells as described previously (6).
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were not exposed to NLK during this peri-
od. At the end of the incubation period
nonadherent neurons were collected,
washed twice with culture medium, and
then plated in pPORN-laminin coated culture
wells with NLK at 1 nM. As expected, prior
incubation with B130.6 did not inhibit
growth in NLK because the monoclonal
antibody does not react with a surface com-
ponent of the sensory neurons. In contrast,
prior incubation with HIV-1 made the neu-
rons refractile to growth in NLK (Table 2).
Toxicity due to preincubation with HIV-1
was not evident as the yield of nonadherent
neurons was normal and their subsequent
plating efficiency in the culture wells was not
affected.

No toxic effects of HIV-1 on sensory
neurons were observed once sensory neuron
growth in NLK had been established (Table
2). Both HIV-1 and B130.6 had to be
added when the cultures were initiated in
order to suppress growth of the neurons in
NLK.

To show that the inhibitory activity in
HIV-1 preparations was associated with re-
troviral antigens rather than contaminating
serum or cellular proteins, we performed
immunoprecipitation studies. Samples of
HIV-1 antibody positive sera from three
AIDS patients were tested for their reactiv-
ity with HIV-1 antigens by Western blot-
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Fig. 2. Western blots of an HIV-1 preparation
probed with HIV-1 antibody-positive sera from
three AIDS patients (BA85-E41, E43, and E45).
Molecular weight standards are indicated. The
protocol for Western blotting was described pre-

viously (6).
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ting (Fig. 2). Serum BA85-E41 had the
greatest reactivity with gp120. Other studies
have shown that, by radioimmunoprecipita-
tion, antibody to gp120 can be detected in
virtually all HIV-1 antibody-positive human
sera, although the titer of the antibody
varies (18). Sera from all three AIDS pa-
tients reacted with viral antigens of 66 kD
and 55 kD, which presumably are products
of the viral pol gene. Serum BA85-E41 and
serum BA85-E43 reacted strongly with the
gp41 transmembrane envelope protein and
the gag antigens. BA85-E41 immunopreci-
pitated the inhibitory factor from the dis-
rupted HIV-1 preparation, whereas sera
from the other two AIDS patients did not
(Table 3).

The result of this experiment suggested
that gpl20 in the HIV-1 preparations in-
hibited the bioactivity of NLK. To test the
hypothesis directly, we tested two monospe-
cific antisera produced (one in goat, D-
2935, and one in rabbit, D-13381) (19),
against immunoaffinity-purified gpl120 for
their ability to immunoprecipitate the in-
hibitory factor from disrupted HIV-1 prep-
arations. Normal rabbit and goat sera were
used as controls. Both antisera to gpl20
removed the inhibitory factor from disrupt-
ed preparations of HIV-1, whereas the nor-
mal rabbit and goat sera were ineffective
(Table 3). Thus gpl20 is the factor in
disrupted HIV-1 preparations that inhibits
the biological activity of NLK in the sensory

0 0
gp120 (ng/ml)

neuron bioassay. Removal of other HIV-1
antigens from the disrupted virus prepara-
tions by immunoprecipitation with the
BA85-E43 and BAS85-E45 HIV-1 anti-
body-positive sera did not remove the in-
hibitory factor.

To show directly that gp120 inhibits the
biological activity of NLK, we tested the
effects of purified gpl20 and a bacterially
expressed fragment of gpl20 (designated
PE3) in the culture assay. The gpl20 was
purified from HIV-1-infected H9 cells by
immunoaffinity chromatography and was
homogeneous by SDS-PAGE (19). PE3
(gp120 43-279) is a 28-kD protein ex-
pressed from the Kpn I-Bg II fragment of
the env gene that contains the amino termi-
nal half of gp120 (20). The carboxyl termi-
nus of PE3 contains the gpl20 sequence
with homology to NLK. P121 (gp4l 56-
138) is an internal fragment of gp4l that
contains an immunodominant epitope reac-
tive with the majority of HIV-1 antibody-
positive human sera (21). P3’ORF is ex-

Table 3. Immunoprecipitation of the inhibitory
factor from the disrupted HIV-1 preparation by
HIV-1 antibody-1 positive human sera and by
antisera to purified gp120. The wells were seeded
with 1800 x 270 cells scored 3 hours after plat-
ing. Values tabulated are neurons per well
(mean * SD) for four replicate culture wells. The

iment was repeated once and a similar result
was obtained. Antibody to HIV-1 was detected in
the human sera (CDC BA85 E-41, E-43, E-45)
by ELISA and by Western blotting (Fig. 2). The
rabbit (D-13381) and goat (D-2935) antisera to
gp120 were prepared by immunization with
highly purified gp120 (19). Normal rabbit and
goat sera were used as controls. The protein A—-
Sepharose beads were incubated with 20 ul of
serum for 30 minutes at room temperature,
washed extensively, and then incubated overnight
at 4°C with a 1:10 dilution of the HIV-1 concen-
trate in phosphate-buffered saline with 10% horse
serum. The beads were then centrifuged and the
supernatant was added at a final dilution of
1:1000 to the culture medium. The culture medi-
um contained 1 nM NLK.

Inhibition (%)

40}

0 40 80
pPE3 (ng/ml)

Fig. 3. Inhibition of 1 nM NLK bioactivity by
gp120 and PE3. The gp120 and PE3 were added
at the indicated concentrations. Experiments were
done in four replicate wells and the data show
mean * SD. Zero percent inhibition corresponds
to 1110 = 75 cells per culture well grown with
NLK; 100% inhibition corresponds to the num-
ber of neurons in control wells without NLK
(380 x 37 cells per well). Similar results were
obtained in three separate experiments.

Neurons
per well

Human HIV-1 antibody-positive sera
CDC BA85-EA41 810 = 110
CDC BA85-EA43 350 = 89*
CDC BA85-EA45 360 = 60*

Rabbit antiserum to purified gpl120
Antiserum to gp120 880 + 130
Normal rabbit serum 340 = 80t

Goat antiserum to purified gp120

Antiserum gpl20 940 + 100
Normal goat serum 420 = 66%

Serum used for
immunoprecipitation

Controls
NLK (1 nM)
NLK + HIV (1:1,000) 370 = 89t
NLK + TX-100 buffer (1:1000) 890 = 95

*P < 0.002; 1P < 0.01; $P < 0.02; paired, one-tailed #
test with Bonferroni correction against number of senso-
ry neurons scored in the respective control. The immu-
noprecipitations were coded and analyzed blind.

860 = 89
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pressed from the 3’07f gene. All three bacte-
rially expressed proteins contained 30 to 40
vector-encoded amino acids and were puri-
fied by immunoaflinity chromatography.

Only gpl20 and PE3 inhibited the
growth of sensory neurons in NLK (Table
4). Addition of P121 or P3’ORF at up to 1
pg/ml was not inhibitory. Dose-response
curves for the inhibition of NLK bioactivity
by various concentrations of gp120 or PE3
were obtained with NLK at 1 nM (Fig. 3).
Fifty percent inhibition of NLK bioactivity
was obtained with gp120 at 20 = 0.9 (SD)
ng/ml (three experiments) and with PE3 at
18 = 1.9 ng/ml (three experiments). The
corresponding molar concentrations are
1.7 x 10~ "M for gp120and 6.6 x 107 "M
for PE3. Thus the two proteins are potent
inhibitors of NLK. At equimolar concentra-
tions in the bioassay (1 nM), gp120 com-
pletely inhibits the bioactivity of NLK.

In a search of the protein or nucleic acid
sequences of the National Biomedical Re-
search Foundation (NBRF) and GenBank,
we found that the only sequence with signif-
icant homology to NLK was a region of the
gp120 envelope glycoprotein of HIV (Fig.
4).

The Lipman and Pearson algorithm
FASTP (ktup: 1) (22) identified internal
sequences within gp120 and NLK that align
at 14 of 45 positions (31% homology).
FASTP additionally scores replacements of

Table 4. Inhibition of growth of NLK-dependent sensory neurons by purified
recombinant fragment of gpl20. Immunoaffinity-purified gpl20 (19) was used at 5

chemically similar amino acids (glycine —
valine) as well as replacements of amino
acids that occur frequently in evolution (me-
thionine — leucine or isoleucine). When
such amino acid replacements are scored,
the alignment increases to 73%. The best
alignment is obtained without gaps. Similar-
ities in secondary structure also are predict-
ed for the two sequences. The Chou-Fasman
algorithm (PepPlot implemented by the
University of Wisconsin Genetics Computer
Group) predicts prominent B-pleated sheets
for the amino terminal regions of both
sequences followed by a-helical domains
toward their carboxyl termini.

Random alignments between NLK and
sequences in the NBRF data bank generate a
mean score of 28.8 + 6.8 (SD), and conver-
sion of the score for alignment with gp120
to a z-value [(76-28.8)/6.8] generates a
score of 6.9. Lipman and Pearson setaz = 6
as probably significant and a z = 10 as
highly significant (22). No other sequences
in the NBRF data bank yielded z scores
above 6. The carboxyl terminus of PE3
contains the region of sequence homology
with NLK (Fig. 4).

The homology with NLK is conserved in
all isolates of HIV-1 for which sequence
information is available (Fig. 4) (23). With-
in gpl20, a strong pattern of alternating
variable and constant regions of sequence is
observed. The first variable domain corre-

(%plZO and a
ng/ml; PE3

(gp120 43-279) (20) was used at 50 ng/ml; P121 (gp41 56-138) (21) and P3'ORF were used at 100
ng/ml. NLK was used at 1 nM and NGF at 3 nM. The culture wells were seeded with 2050 + 120 (SD)
cells scored 3 hours after plating. Values tabulated are neurons per well (mean *+ SD) for four replicate
culture wells. The data were collected as part of the experiment presented in Table 1. The experiment
was repeated four times with similar results.

Neuro-
trophic Control gpl20 PE3 P121 P3'ORF
factor
NLK 1010 = 56 290 = 61% 310 + 84* 960 + 120 910 = 75
NGF 1050 = 140 980 + 120 1060 + 21 1070 + 140 920 + 68

*P < 0.005; paired one-tailed ¢ test with Bonferroni correction against number of sensory neurons scored in the NLK
control. The culture plates were coded and scored blind.
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Fig. 4. Sequence homology between NLK and a conserved domain within the gp120 protein of HIV-1.
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sponds to the signal peptide for secretion of
the primary translation product of the eny
messenger RNA. NLK is partly homolo-
gous to the carboxyl half of the second
conserved domain of gpl20, which is
=80% homologous among different HIV-1
isolates (23). In comparison, sequence con-
servation is only 21 to 30% within the three
variable domains of gp120. Small, in-frame
insertions and deletions occur within the
variable domains, as well as amino acid
replacements due to point mutations (23).
Thus, selective pressure presumably main-
tains the amino acid sequence within the
two conserved domains of gp120, although
their functional importance is not under-
stood. Sequence variation within the second
and third variable domains may not be
constrained by functional requirements or
may permit antigenic variation of gpl120
during the course of a natural infection (23).
Since tropism for CD4 cells is seen with all
isolates of HIV-1 (23, 24), positive selection
presumably maintains the sequences within
gpl20 necessary for infection and cell fu-
sion. Both processes are mediated by bind-
ing of gp120 to the CD4 antigen (25).
Our experiments show that gp120 specifi-
cally inhibits the biological response of cul-
tured neurons to NLK but not to NGF.
Extension of these results to the etiology of
AIDS dementia will depend on elucidating
the role of NLK and other neurotrophic
factors in the adult brain. Infection and
killing of CD4 " lymphocytes by HIV-1 may
not entirely account for the immunodefi-
ciency seen in AIDS (26). Since NLK is
secreted by activated T lymphocytes and
induces immunoglobulin secretion by cul-
tured human peripheral blood mononuclear
cells (6), gp120 may also interfere with the
lymphokine function of NLK. If this con-
tributes to the suppression of immune func-
tion in AIDS, it may account for the conser-
vation of sequence homology to NLK
among different HIV-1 isolates. If so, the
brain may be an “innocent bystander” in
AIDS, a chance target of HIV-1 due to viral
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Sequences of 12 different isolates are listed (23).

Amino acid identities are indicated by double dots; conserved replacements are indicated by a single dot. The carboxyl terminal sequence of PE3 is indicated.
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inhibition of a factor that is used by both the
brain and the immune system.
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Molecular Diversity of the Human T-Gamma

Constant Region Genes

Prer GIUSEPPE PELICCI, MILAYNA SUBAR, ARTHUR WEISS,
RiccArDO DALLA-FAVERA, DAN R. LiTTMAN

The human T cell antigen-receptor y chain, which is expressed on the surface of a
subpopulation of CD3* T lymphocytes, exhibits size polymorphism and varies in its
ability to form disulfide bonds with a second polypeptide. Analysis of both genomic
and complementary DNA clones encoding the human vy polypeptide shows differences
in lengths of the coding portions of the two constant region genes, Cyl and Cy2. A
single second-exon segment is always present in the Cy1 gene. Cy2 alleles containing
either duplicated or triplicated second-exon segments are present in the normal human
population and are expressed as messenger RNAs. Furthermore, a cysteine residue,
encoded by the second exon of Cyl and probably involved in interchain disulfide
bridging, is absent in all Cy2 second-exon segments. These differences between Cyl
and the two alleles of Cy2 may explain the variability in molecular weight and disulfide
bonding of vy molecules expressed in different cells.

0ST T LYMPHOCYTES EXPRESS AN

antigen-receptor complex consist-

ing of polymorphic a and B T cell
receptor (TCR) subunits in association with
several nonpolymorphic chains designated
as CD3 (1-3). A subset of T cells that lack
the surface o heterodimer express another
receptor, known as v, in association with the
CD3 complex (4-7). The TCR ~y molecules
consist of variable (V), joining (J), and
constant (C) regions, and, like immuno-
globulins and the TCR « and B chains, are
generated by somatic rearrangement of gene
segments (8—12). Human cell lines repre-
sentative of the subset containing TCR +y
express vy chains of various sizes in associa-
tion with another protein of 40 to 45 kD,
designated & (4, 13-16). In some cell lines
the components of the heterodimers are
noncovalently associated, and in other lines
they are linked by disulfide bonds. In con-
trast, the murine vy chain has been found in
all cases to be disulfide-linked to a second
chain of 45 kD (7).

The human TCR 7y constant region is
composed of two tandemly organized and
highly homologous genes, Cyl and Cy2 (9,
12). Analysis of patterns of TCR vy gene

rearrangements in T cells has shown that
both the Cyl and Cy2 genes take part in
recombination events (17). We now show
that these constant regions are structurally
distinct and there is an allelic polymorphism
for the number of exons in the Cy2 gene.
Taken together, these findings may explain
the presence or absence of disulfide linkage
as well as the size polymorphism of the
human TCR # chains.

Our experimental approach involved the
isolation and characterization of several
TCR vy complementary DNAs (cDNAs) and
genomic clones of the TCR v constant
region locus. Three distinct cDNA libraries
obtained from human T cells were screened
with a mouse Cy cDNA probe. Two cDNA
libraries were prepared from the Fro 2.2 and
PEER human T cell lines that display rear-
rangements of the Cy2 gene (17, 18). The

P. G. Pelicci, M. Subar, R. Dalla-Favera, Department of
Pathiology and the Kaplan Cancer Center, New York
University School of Medicine, New York, NY 10016.
A. Weiss, Department of Medicine and Howard Hughes
Medical Institute, University of California, San Francis-
co, School of Medicine, San Francisco, CA 94143.

D. R. Littman, Department of Microbiology and Immu-
nology, University of California, San Francisco, School
of Medicine, San Francisco, CA 94143.

REPORTS IOSI





