staining, sorting, and gene mapping will
be useful (i) to locate random DNA frag-
ments for linkage analysis with human
disease loci and (ii) to improve flow
karyotype diagnoses. Improved chromo-
some resolution will separate normal and
abnormal chromosomes with increased
purity to- construct libraries from which
linked DNA fragments can be chosen.
The spot-blot method can then be used
to determine the purity and subchromo-
somal location of any library fragment.
Comparison of flow karyotypes of chro-
mosomes stained with DIPI-chromomy-
cin with those stained with Hoechst-
chromomycin will detect differences in
polymorphic chromosome bands to dis-
tinguish more reliably normal polymor-
phic variability from abnormal chromo-
somes. —
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Selective Tropism of Lymphadenopathy Associated

Virus (LAV) for Helper-Inducer T Lymphocytes

Abstract. Lymphadenopathy associated virus (LAV) has been isolated from
patients with the acquired immunodeficiency syndrome (AIDS) or lymphadenopathy
syndrome. Since the immune deficiency in AIDS seems to be primarily related to the
defect of the helper-inducer T lymphocyte subset, the possibility that LAV is
selectively tropic for this subset was investigated. Fractionation of T lymphocytes
was achieved by cellular affinity chromatography with monoclonal antibodies. In a
hemophilic patient who was a healthy carrier of LAV, reverse transcriptase activity
and virus particles detected by electron microscopy were found only in cultures of
helper-inducer lymphocytes. When infected with LAV in vitro, lymphocyte subsets
from normal individuals yielded similar results. Viras production was associated
with impaired proliferation, modulation of T3-T4 cell markers, and the appearance of
cytopathic effects. The results provide evidence for the involvement of LAV in AIDS.

Epidemiological data indicate that the
acquired immunodeficiency syndrome
(AIDS) is caused by an infectious agent,
probably a virus (/-3). Since a qualita-
tive and quantitative defect of the helper-
inducer T cell subset (T4") is the major
immunological abnormality of this dis-
ease (4, 5), one would expect such a
causative agent to express a tropism for
T4 lymphocytes, resulting in alteration
of their function.

We recently discovered a new group
of human retroviruses that differ from
human T-cell leukemia virus (HTLV-I)
(6-10). The first member of this group
was isolated from a nonimmunode-
pressed homosexual patient with persist-
ent lymphadenopathy, a syndrome con-
sidered to be related to AIDS (/1, 12).
This virus has tentatively been named
lymphadenopathy  associated  virus
(LAV). Similar viruses were found in
patients with frank AIDS, including the
only hemophiliac patient with AIDS re-
ported in France (7). Specific antibodies
against LAV have been detected in ap-
proximately 70 percent of patients with
persistent lymphadenopathy and 40 per-
cent of AIDS patients studied (8, 13). We
have now investigated whether the tro-
pism of LAV is selective for the T4*
subset in vivo as well as in vitro.

The studies in vivo were conducted
with the help of an asymptomatic virus
carrier, patient E.L., and his brother,
patient D.L. Both patients have B hemo-
philia (7). Patient D.L. recently devel-

oped AIDS as assessed by successive
opportunistic infections accompanied by
a profound alteration of immune func-
tions in vivo and in vitro. By means of
techniques already described (6-8), a ret-
rovirus similar to LAV was isolated re-
peatedly from his peripheral blood lym-
phocytes (PBL). This virus differs from
HTLV-I (9, 14, 15). When examined by
an immunofluorescence technique with
antibodies to the structural proteins p24
or pl9 of HTLV-I, fixed LAV-producing
cells (6) were negative. Similarly,
[>*SImethionine-labeled p25 of LAV was
not precipitated by the antibodies to
HTLV-I. Moreover, no antibody to
HTLV-producing cell lines . (C10/MJ,
C91/PL) could be detected in the pa-
tient’s serum by immunofluorescence,
nor to HTLV p24 by the commercial
enzyme-linked immunosorbent assay
(ELISA; Biotech) or by a radioim-
munoassay with a monoclonal antibody
to p24 (7). No antibodies against LAV or
HTLYV could be detected in serum sam-
ples from parents of the patients, but
E.L., like his brother, had circulating
antibodies against LAV. However, apart
from having hemophilia, E.L. was
healthy and displayed normal immune
functions. Nevertheless, LAV was iso-
lated three times at monthly intervals
from his PBL. The fact that no difference
could be found between the viruses iso-
lated from the brothers by serological
and morphological studies, as well as the
similar history of factor IX transfusion,
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strongly suggests that the viruses have a
common origin (7). Since, contrary to
AIDS patients, E.L.. had normal num-
bers of helper-inducer lymphocytes, suf-
ficient quantities of these cells could be
purified and cultured to find out whether
the virus displayed a selective tropism in
vivo for any given blood cell population.

Preliminary experiments indicated
that LAV can be propagated only in
human T lymphocytes in vitro. We were
unable to detect productive virus infec-
tion, as determined by reverse transcrip-
tase (RT) activity, after in vitro infection

of normal B lymphocytes, lymphoma
cell lines (RAJI and MOLT4), or mono-
cytes (16). _
Peripheral blood lymphocytes of E.L.
were fractionated into monocytes, B
lymphocytes, and T lymphocytes. Help-
er-inducer (T4") and suppressor-cyto-
toxic (T8") fractions were then obtained
by cellular affinity chromatography. This
technique does not modify interleukin-2
(IL-2) production or proliferative or cy-
totoxic lymphocyte functions (/7, and
data not shown). Cells were then cul-
tured as described (6, 8) in the presence
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Fig. 1. Virus production and phenotype of cultured lymphocyte subsets. T4" and T8" fractions
were purified by cellular affinity chromatography. A suspension of enriched T lymphocytes was
obtained after depletion of monocytes by plastic-adherence, and by rosetting with aminoethyl-
isothiouranium-treated sheep erythrocytes followed by centrifugation on a Ficoll-Hypaque
gradient. The suspension usually contained 95 percent of T lymphocytes, the contaminating
cells being mainly B lymphocytes. ‘Approximately 6 x 107 T-enriched lymphocytes were
incubated for 15 minutes at room temperature with 40 wl of OKT8 antibody (Ortho Diagnostic
System) in 2 ml of RPMI 1640 medium supplemented with 5 percent autologous serum and 1
percent antibiotics. After two washes, cells were resuspended in 1 ml of medium and placed in a
plastic column (Pharmacia K9/15) containing 5 ml of Sepharose 6-MB gel coupled with the 7S
fraction of a goat antiserum to mouse immunoglobulin (Nordic). This gel (Pharmacia) was
prepared following the manufacturer’s specifications with 10 mg of proteins for 1 ml of gel. The
antibody-labeled T lymphocytes were incubated in the gel for 15 minutes at room temperature.
The T8~ population was recovered by washing the column with 30 ml of medium at a rate of 1
ml per minute. The T8* fraction was then eluted by gentle mechanical agitation and washing
with medium that had been warmed to 37°C. The efficiency of this method was checked by
indirect immunofluorescence staining (4). All these procedures were performed under sterile
conditions and the cell viability was excellent, as judged by trypan blue exclusion. Reverse
transcriptase activity in culture was determined every 3 to 4 days, at the time of medium change
(6). The cell suspension phenotypes were determined on days 0, 10, 14, and 18 after infection.
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of phytohemagglutinin (PHA) followed
by IL-2. Reverse transcriptase was then
sequentially measured in each culture
supernatant. When T4 or T8 " lympho-
cytes from normal individuals are main-
tained under the same culture condi-
tions, the baseline of RT remains nega-
tive. By comparison, a spontaneous in-
crease of RT occurred as early as day 3
of culture in the T4" fraction from pa-
tient E.L. and reached a peak value of
700 x 10° count/min on day 10. It de-
clined rapidly thereafter to less than
200 x 10° count/min on day 18 and re-
mained low until the end of the culture
period on day 45 (Fig. 1). During the
same period, this activity was always
below 4 x 10* count/min in the T8* cul-
ture, until day 60. Such a low degree of
RT, compared to T8" cultures from nor-
mal noninfected lymphocytes (< 2 X
10* count/min), probably reflects the
small number of T4® contaminating
cells. Moreover, when T8 lymphocytes
were cocultivated with cord blood lym-
phocytes, in order to amplify the low
virus production (/0), no RT activity was
detectable (data not shown).

Examination with the electron micro-
scope revealed mature virus particles
characterized by a small eccentric core,
as well as virus budding at the cell sur-
faces, in the T4" but not in the T8"
fraction (Fig. 2). These aspects were
similar to those seen in the unfraction-
ated T lymphocytes (6-8).

At the beginning of the culture, each
cellular fraction was enriched to more
than 95 percent and contained less than 2
percent of cells of the opposite pheno-
type. This phenotype remained un-
changed throughout the period of culture
in the T8" fraction with always less than
5 percent of contaminating cells. In con-
trast, a progressive disappearance of the
markers identified by the monoclonal
antibodies OKT3 and OKT4 was ob-
served in the T4™ cell fraction. Thus, the
level of T4 expressing cells dropped to
less than 20 percent as early as on day 6,
when RT was already at 200 X 10°
count/min. However, at that time, such
cells continued to express OKT3 anti-
gen,; but half of them already showed an
unusual weak and thin staining of the cell
membrane compared to the normal
patchy staining of the other half. Later
on, percentages decreased to about 10
percent of T3* and T4 cells, whereas
T8* cells never exceeded 4 percent in
this fraction (Fig. 1). Since the disap-
pearance of T4 antigens was not accom-
panied by the appearance of the T8 anti-
gen, this phenomenon could not be relat-
ed to a switch between these two mem-
brane antigens. Such a switch has been
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observed only during culture of cloned
cells, but not in bulk culture of either
T4" or T8 purified cells (18, 19). Fur-
thermore, the kinetics of the disappear-
ance of T3 and T4 markers at the cell
membrane was related to the kinetics of
virus production and could also be ob-
served during infection of normal lym-
phocytes in vitro. This intriguing phe-
nomenon may be due to virus-induced
modulation of the expression of the T3-
T4 molecules at the cell membrane, or by
steric hindrance of the antibody binding
site. Modifications in the expression of
other membrane markers are currently
under study.

After fixation (6), each cell fraction
was also examined by indirect immuno-
fluorescence with serum samples from
the patient himself, his brother, his par-
ents, or patients from whom similar vi-
ruses had been isolated. Both T4" and
T8" fractions were strictly negative
when tested with serum from the parents
or other normal individuals with no anti-
bodies against LAV. In contrast, when
serum samples from E.L., D.L., or other
patients were tested (all containing anti-
bodies to LAV), a positive specific stain-
ing was observed in the T4" fraction and
never in the T8" one. However, even at
the peak of virus production, the per-
centage of stained cells in the T4" frac-
tion only reached 10 percent. We suggest
that the low percentage of T4" cells
expressing viral antigens is due to the
fact that only a fraction of T4* lympho-
cytes is susceptible to virus infection,
indicating a heterogeneity in the T4*
subset. It is also possible that the major-
ity of the cells were infected but only a
few were virus producers. The availabil-
ity of molecular or immunological probes
will be useful in discriminating between
these possibilities.

Since virus production by infected
cells is dependent on their proliferation
(8), we verified that both fractions were
able to proliferate under our culture con-
ditions. Indeed, cell growth was fol-
lowed every 3 or 4 days by counting
these cells before they were systemati-
cally readjusted to 1 X 10° per milliliter.
Proliferation of T8" cells was always
greater than that of T4™ lymphocytes as
confirmed by [*H]thymidine incorpo-
ration (Fig. 3). Thus, the absence of
virus production in the T8* fraction
could not be related to lower prolifera-
tion. Furthermore, in this experiment, as
in others in which normal lymphocytes
were infected in vitro by LAV, an early
decrease of the T4" lymphocyte multi-
plication was noted at the same time that
virus was being produced. The appear-
ance of giant cells was also observed,
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indicating a cytopathic effect of the virus
(Fig. 4).

To confirm these findings in vivo, we
also investigated which lymphocyte pop-
ulations from normal individuals were
sensitive to infection by LAV or related
retroviruses in vitro. We obtained PBL
from healthy Caucasian volunteers who
had no antibodies against retroviruses
and separated them into T, T4*, and T8*
fractions. Half of each fraction was sepa-
rately infected with virus-containing cell-
free supernatant. Reverse transcriptase
was sequentially measured in each in-
fected and uninfected culture. In three
different experiments, using LAV-1 or
virus isolated from E.L., we found that
infected T4" lymphocytes displayed vi-
rus production, as assessed by an in-
crease in RT which reached 30 x 10° to
100 x 10° count/min at the peak value
and by electron microscopy. On the con-
trary, uninfected cultures of T4* or T8*
cells as well as infected T8* fractions
expressed less than 2 X 10° count/min
throughout the culture period. When the
T4" and T8* fractions were mixed, RT
production was similar to that of the
original unfractionated population, dem-
onstrating that the technique used to sepa-
rate the T cell subsets did not interfere
with virus production (data not shown).

Fig. 2. Electron microscopy of
viral particles in ultrathin sec-
tion. (A) Portion of a T4 lym-
phocyte from a healthy donor,
which had been infected by
the virus isolated from patient
E.L. Note the numerous ma-
ture particles with eccentric
dense core in the external
space. These particles are
morphologically similar to D
particles such as those found
in Mason-Pfizer virus or the
virus recently isolated from
simian AIDS (27, 28). Howev-
er, no antigenic relatedness
was found between the p25 of
the human virus and the p27 of
Mason-Pfizer virus (29). (B)
Portion of a T4 lymphocyte
from patient E.L. at the time
of virus production. Note the
abundant mature virions
around a piece of altered cyto-
plasm.

Immunofluorescence staining showed no
modification of the surface phenotype of
the uninfected T4* or T8 cultured cells.
In contrast, in the infected T4 fractions,
a decrease of T4 and T3 markers was
observed, but only when a high level of
RT was produced in the culture.

It seems clear that the virus can be
produced in vivo only by the T4* cells of
the healthy carrier and that this selective
tropism for T4* lymphocytes is identical
to that observed after the in vitro infec-
tion of lymphocytes of healthy blood
donors. It remains to be determined
whether this phenomenon is due to a
lack of recognition of specific receptors
at the cell membrane of T8" cells or to a
lack of expression of the proviral DNA.
Data published by Gallo and co-workers
(10) have suggested that HTLV shows a
similar tropism in transformed cell lines
derived from leukemic patients or im-
mortalized after infection in vitro. In
both situations, most cell lines were
T4*, but some others have been de-
scribed as being T4" and T8* or T4~ and
T8~ (10, 14, 15, 20) or even B cells (21).
Tropism for T4 cells has also been sug-
gested for a new HTLV isolate which
resembles LAV, called HTLV-III (22).

That LAV was found in a ‘‘healthy”
carrier whose brother had AIDS does




2.0

1.5 1

1.0

Lymphocyte counts (10~6 x cells/ml)

m T4t
® T8+t

i

0.5 -

T T T 1 T T o

0 I 10 | 20 30
I ) I
| | Days |
1 | [
T4* 25 34 15
T8* 37 61 27

[3H])Thymidine incorporation
(10-3 count/min)

Fig. 3. Cell growth as followed
by cell counting and [*H]thy-
midine incorporation. Every 3
to 4 days, at the time of medi-
um change, cells were counted
and adjusted at 10° per millili-
ter. On days 7, 10, and 18,
portions of cell suspension
were labeled with [*H]thymi-
dine for 12 hours and material
precipitated in trichloroacetic
acid was counted in a liquid
scintillation spectrometer.

Fig. 4. (A and B) Light microscope picture of thin sections of cultured T4* lymphocytes from a
healthy donor. Staining by toluidine blue. (A) Uninfected culture. (B) LAV-infected culture at
the peak of virus production. Note the enlarged and giant cells. (C) Electron microscopy picture
of a giant cell of (B). Note the numerous nuclei arising by cell fusion and the viral particles at the
cell surface (x8000).

not provide evidence against its causal
role in the disease. First, the incubation
period after virus infection may vary
from one individual to another. Indeed, 3
months after these experiments were
carried out, E.L.’s T4" lymphocytes de-
creased although he still showed no clini-
cal symptoms (23). Second, individual
variations in susceptibility (genetic back-
ground or natural history) to virus infec-
tion are well documented in man and
mice (24-26) and, with respect to AIDS,
are suggested by epidemiological data on
regular sexual partners of AIDS patients.
Third, since LAV infection of T4" cells
impairs their proliferative capacity and
causes cytopathogenic effects, the pres-
ent results support the hypothesis that
LAV s involved in AIDS and point to its
possible interference with T-cell differ-
entiation.
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Adaptation of Lymphadenopathy Associated Virus (LAYV) to
Replication in EBV-Transformed B Lymphoblastoid Cell Lines

Abstract. A strain of lymphadenopathy associated retrovirus (LAV) passaged in
vitro was used to infect a lymphoblastoid cell line obtained by transformation with
Epstein-Barr virus of B lymphocytes from a healthy donor. The virus produced from
this line (B-LAV) was also able to grow at a high rate in some other lymphoblastoid
lines and in a Burkitt lymphoma line. This adapted strain retained the biochemical,
ultrastructural, and antigenic characteristics of the original strain, as well as its
tropism for normal T4* lymphocytes. It is thus possible to grow LAV in large
quantities that can be used for the preparation of diagnostic reagents. The
interaction between such a human retrovirus and Epstein-Barr virus, a DNA virus,
may have some implication for the pathology of the acquired immunodeficiency

syndrome and related diseases.

Lymphadenopathy associated virus
(LAV) is a human T-cell lymphotropic
retrovirus that was first isolated from the
cells of a lymph node of a homosexual
man with lymphadenopathy syndrome
(LAS) (/). Similar isolates were made
from several patients with the acquired

immunodeficiency syndrome (AIDS), in-
cluding a B hemophiliac (2, 3), a Zairian
woman (2), a Zairian couple (4), and a
Haitian man (2).

All viral isolates have in common a
major, antigenically related protein with
a molecular weight of 25,000 (p25), a
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Fig. 1 (above). EBV and LAV co-infection of lymphocytes from a
blood donor (F.R.). The culture medium (RPMI 1640 with 10 percent 50
fetal calf serum) included TCGF, antiserum to interferon «, and
Polybrene, as described (/). Production of LAV was determined by
assaying RT activity in 1-ml portions of pelleted virus (/).
(right). (A) Virus production by the established FR8 lymphoblastoid
line. The cells were infected with LAV at time zero as described (/).
(B) Virus production by the LCo lymphoblastoid line after infection

Fig. 2
10

FR8

Mg?*-dependent reverse transcriptase
(RT), mature virions with a morphology
similar to that of equine infectious ane-
mia virus (EIAV), and D type particles.
The p25 of LAV is immunoprecipitated
by serum from horses infected with
EIAV, suggesting antigenic similarity
with the core protein of this virus (5). In
contrast, the p25 of LAV and LAV-
related viruses is not antigenically relat-
ed to the p24 of human T-cell leukemia
virus type I (HTLV-I), the core proteins
of Mason-Pfizer virus (5) or similar vi-
ruses isolated from simian AIDS (6), or
to other known animal retroviruses (5).
An important biological feature of mem-
bers of the LAV family is their specific
tropism for activated T4™ (helper) lym-
phocytes, in which they induce a cyto-
pathic effect without giving rise to im-
mortalized lines (I, 2, 7). Initially, we
found that LAV could not be grown in B
lymphocytes, Raji cells, MOLT/4, or in
several established fibroblastic lines (/).
We report here the successful adapta-
tion of LAV to persistent infection of
several lymphoblastoid cell lines ob-
tained by the transformation of B lym-
phocytes with Epstein-Barr virus (EBV)
as well as in one Burkitt lymphoma cell
line. Thus, it is now possible to grow
LAV on a large scale in permanent cell
lines. The growth of LAV in EBV-trans-
formed cells may have important impli-
cations for the pathogenic role of such
viruses in AIDS and other diseases.
The first LAV isolate was initially
propagated in cord blood lymphocytes
and then in lymphocytes from several
adult donors whose sera contained no
antibody against LAV and whose lym-

B LCo

B-LAV

by LAV and B-LAV. Same medium as in Fig. 1, except that TCGF 0

was omitted.
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