we have found that when Feti and Du-
meti neurons are prevented from reach-
ing their target muscles, they still survive
and differentiate. We conclude that spe-
cific instructions from the target muscle
play little if any part in the development

- of these neurons, although we cannot
exclude the possibility that contact with
some muscle, albeit the wrong one,
might be a general condition for their
survival,

Neurons in the central nervous system
of insects are generated by segmental
sets of embryonic precursor cells (/8). In
each embryonic segment the set of pre-
cursors is similar, yet the final pattern
and number of neurons are strikingly
different. Segment-specific differences in
cell survival have been described (19).
For example, limb-innervating neurons
homologous by cell lineage to Feti and
Dumeti are produced in the abdominal
segments, but they do not survive (3).
Our experiments suggest that the differ-
ential survival of limb-innervating neu-
rons is independent of the presence (in
the thorax) or absence (in the abdomen)
of limb muscles. The segment-specific
pattern of muscles depends on the pat-
tern of underlying ectoderm (20), but this
determinative sequence appears not to
extend to the nervous system through
the muscles. Segment-specific neuron
differentiation might be an intrinsic, in-
herited commitment of neurons, or it
might be extrinsically controlled by their
segmental environment. Qur experi-
ments do not distinguish between these
alternatives. However, they rule out one
of the possible extrinsic determinants,
the target muscles.

PauL M. WHITINGTON
MicHAEL BATE, EVELINE SEIFERT
Abteilung fiir Physikalische Biologie,
Max-Planck-Institut fiir Virusforschung,
D-7400 Tiibingen, West Germany
KIMBERLEY RIDGE
CoREY S. GooDMAN
Department of Biological Sciences,
Stanford University,
Stanford, California 94305

References and Notes

1. M, Hollyday, Curr. Top. Dev. Biol. 15, 181
(1980); L. Landmesser and G. Pilar, J. Cell Biol.
68, 357 (1976).

C. M. Bate and E. B. Grunewald, in prepara-

tion.

. C. S. Goodman and M. Bate, Trends Neurosci.

4, 163 (1981).

. %\/I B;Jrrows and G. Hoyle, J. Neurobiol. 4, 167
1971).

. P. Evans and M. O’Shea, Nature (London) 270,

257 (1977).

. Locusta eggs were placed in Mueller’s locust
Ringer solution (/0), and the egg case was
punctured with a needle over the metathoracic
limb bud. Extruded tissue was removed and the
whole egg was transferred to moist filter paper
in a covered petri dish. Only embryos proceed-
ing through the normal sequence of external
development, in step with unoperated embryos,
were assayed.,

N A W

SCIENCE, VOL. 215, 19 FEBRUARY 1982

7. C. M. Bate, unpublished observations.
8. D. Bentley et al., J. Embryol. Exp. Morphol. 54,
47 (1979).
9. C. S. Goodman and K. A. Ridge, Neurosci.
Abstr, 6, 495 (1980).
0. N. S. Mueller, Dev. Biol. 8, 222 (1963).
1. The embryonic membranes were left intact
around the embryo and yolk, and the embryos
were placed in hanging drops containing 175 mM
NaCl, 3 mM KCl, 2 mM CaCl,, | mM MgSOy, §
mM 2-{{tristhydroxymethyl)methyllamino} eth-
anesulfonate (TES; pH 7.0), penicillin, Fungi-
zone, streptomycin, and phenol red (cultures
were fed every other day). Control embryos
were placed in culture without removal of their
limb buds. The extent of normal development
varied, and only embryos proceeding through
the normal sequence of morphological develop-
ment were used.
12. C. S. Goodman and N. C. Spitzer, Nature
(London) 280, 208 (1979).

13. P. M. Whitington and E. Seifert, J. Comp.
Neurol, 200, 203 (1981),

14. J. S. Altman and E. M. Bell, Brain Res. 63, 487
(1973).

15. To stain neurons sending axons out of the pe-

ripheral nerve roots, embryos at 80 to 90 percent

of their development were freed of yolk and
pinned, dorsal side up, under locust Ringer
solution. The nerve to be filled with dye was cut
at its aftachment to the body muscles, and the
cut end was placed in a drop of 2 percent CoCl,
solution held in a Vaseline dam for overnight
diffusion at room temperature. The subsequent
processing is described in (13).

16. C. S. Goodman, M. O’Shea, R. E. McCaman,
N. C. Spitzer, Science 204, 1219 (1979); C. S.
Goodman and N. C. Spitzer, J. Physiol. (Lon-
don) 313, 385 (1981).

17. C. M. Bate, in Handbook of Sensory Physiolo-
gy, vol. 9, Development of Sensory Systems, M.,
Jacobson, Ed. (Springer, Berlin, 1978).

R , J. Embryol. Exp. Morphol. 35, 107
(1976); and E. B. Grunewald, ibid. 61,
317 (1981).

19. C. M. Bate, C. S. Goodman, N. C. Spitzer, J.
Neurosci. 1, 103 (1981).

20. E. Bock, Wilhelm Roux’ Arch. Entwicklungs-
mech. Org. 141, 159 (1941).

21. We thank J. Edwards for criticism of the manu-
script and W. Stewart for the gift of Lucifer
yellow.

28 July 1981; revised 14 October 1981

Natural Antibodies to Human Retrovirus HTLYV in a Cluster of
Japanese Patients with Adult T Cell Leukemia

Abstract. Human T cell lymphoma leukemia virus (HTLV) is a human retrovirus
(RNA tumor virus) that was originally isolated from a few patients with leukemias or
lymphomas involving mature T lymphocytes. Here we report that the serum of
Japanese patients with adult T cell leukemia, but not the serum of tested normal
donors, contains high titers of antibodies to HTLV. These observations, together
with data from Japan showing that adult T cell leukemia is endemic in southwest
Japan, suggest that HTLV is involved in a subtype of human T cell malignancy,

including Japanese adult T cell leukemia.

A human T cell lymphoma leukemia
virus (HTLV) was previously isolated
from cells of patients with cutaneous T
cell lymphoma and leukemia (CTCL) ({,
2) and shown to be unrelated to other
retroviruses by nucleic acid hybridiza-
tion studies (3) and by immunologic stud-
ies of its major core protein, p24 (4), and
reverse transcriptase (5). HTLV is an
acquired, not endogenous, retrovirus as
shown by the presence of proviral se-
quences in DNA from the neoplastic T
cells of the patient from whom HTLV
was first isolated and the absence of such
sequences both in B cells of the same
patient (6) and in other sources of DNA
from normal people (3). The previous
reports of natural antibodies to HTLV
proteins in the serum of some patients
with CTCL (7, 8 and the absence of
similar antibodies in the serum of numer-
ous randomly selected normal donors
are consistent with the interpretation
that HTLV is acquired by infection and
suggest a possible etiologic role of
HTLYV with human T cell malignancies.

- In studying the association of HTLV
with human T cell neoplasias we have
recently focused on a documented clus-
tering of Japanese patients with adult T
cell leukemia (ATL). This leukemia, a
subtype of T cell malignancy, occurs

with high frequency and in striking clus-
ters on the islands of Kyushu and Shiko-
ku in southwestern Japan (9, 10). Among
its unique clinical features are adult on-
set, frequent skin involvement, and com-
mon organ involvement. The leukemic
cells have convoluted nuclei and ultra-
structurally are similar to a small cell
variant form of Sézary syndrome, anoth-
er malignancy of mature T cells (/7).
Adult T cell leukemia differs from classi-
cal Sézary T cell leukemia in that people
with ATL show no typical Sézary cells,
no leukemic cells in the epidermis de-
spite intradermal or subcutaneous infil-
tration, an infiltration of leukemic cells
into the bone marrow, and a shorter
survival time (9). Nevertheless, because
similarities exist between ATL and Sé-
zary syndrome, the leukemic form of
CTCL, and because the geographic clus-
tering of Japanese ATL patients also
suggests a possible viral etiology, we
examined the serum of Japanese patients
with lymphoid malignancies for the pres-
ence of natural antibodies to HTLV.
Serum samples were surveyed for
HTLV-specific antibodies by means of
both an indirect membrane immune fluo-
rescence assay and a solid-phase radio-
immunoassay (RIA). The latter is one of
the methods we previously used to de-
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tect HTL V-specific antibodies in the se-
rum of some CTCL patients (7). In the
present study we found that the serum of
six out of seven patients with ATL
showed positive results both with the
solid-phase RIA and with the immune
fluorescence assay (Table 1). Other se-
rum samples clearly positive in one or
both systems included three of 20 sam-
ples from patients with acute lymphocyt-
ic leukemia, two of six samples from
patients with chronic myelogenous leu-
kemia in the blast crisis stage, and one of
five samples from patients with acute
monocytic leukemia. This last positive
serum showed the highest antibody reac-
tivity in both assay systems. In contrast,
none of the serum samples from patients
with chronic lymphocytic leukemia,
acute myelogenous leukemia, or acute

cantly positive. In addition, samples
from 41 random healthy Japanese donors
had no detectable antibody reactivity in
either assay. None of the 39 serum sam-
ples obtained from healthy donors living
in the ATL endemic region possessed
HTLV-specific antibodies.

Additional experiments confirmed that
the natural antibody reactivities were
specific for HTLV antigens. None of the
serum samples listed as positive by im-
mune fluorescence on the CTCL-derived
HTLV-producing HUT102 cells (Table
1) were significantly positive on similar
HUT78 cells, a T cell line also derived
from a CTCL patient but not producing
virus. Nor were ‘‘tumor-associated”
antibody reactivities observed because
occasional samples which recognized
HUTI102 and HUT78 cells in the immune
fluorescence assay also recognized anti-

gens present on other human T cells,
including Jurkat cells (/2) and phytohe-
magglutinin (PHA)-stimulated normal
human T cells (data not shown). The
HTLV antigen recognized in the fluores-
cence assay is probably an HTLV enve-
lope protein.

Competition experiments in the solid-
phase RIA system similarly confirmed
the HTLV specificity of the natural anti-
body reactivities. Representative results
are illustrated in Fig. 1. When cell ly-
sates served as competitors only HTLV-
producing HUT102 cells were able to
compete maximally with the antibody
binding reactivities for HTLV (Fig. 1, A
to C). Only plateau levels of competition
not totally abolishing antibody reactivi-
ties for HTLV occurred with lysates of
non-HTLV-producing HUT78 cells or
PHA-stimulated normal human T cells or

myelo-monocytic leukemia were signifi-

Table 1. Natural antibodies to HTVL antigens in serum samples from Japanese patients with lymphoid malignancies. Lyophilized serum samples
were obtained from 53 Japanese patients with various lymphoid malignancies, including six patients with ATL whose birthplace was in regions of
endemic ATL, either Kyushu Island or Shikoku Island. Control serum was obtained from 41 random healthy Japanese donors and 39 healthy
donors primarily from Shikoku Island. After the serum samples were reconstituted they were screened for HTL.V-specific antibodies: A solid-
phase RIA was carried out as described (7). Briefly, human serum diluted 1:75 in phosphate-buffered saline (PBS) containing 0.5 percent Tween
20 (PBS-Tween) was added to wells of 96-well Immulon microtiter plates previously coated with preparations of either disrupted HTLV or
disrupted avian myeloblastosis virus (AMYV) as control. After 1 hour of incubation at room temperature, unbound proteins were aspirated and the
wells were washed three times with PBS-Tween. The binding of human antibodies to HTLV was detected by adding iodinated (~50,000 count/
min), affinity-purified goat antibody to human immunoglobulin G (IgG) to the wells and incubating the mixture for 1 hour at room temperature.
Unbound '#’I-labeled antibody was removed and the plates were washed with PBS-Tween. The wells were separated and ‘counted in a gamma
counter, For the indirect membrane immune fluorescence assay we used as the primary target the HTLV-producing HUT102 cell line () which
was derived from cells of a patient with CTCL by culturing with T cell growth factor (TCGF) (27, 22). After multiple passages in culture, the
HUT102 cells now grow independently of TCGF. Secondary target cells serving as a specificity control were HUT78 cells, which do not produce
HTLYV but which were also derived from cells of a patient with CTCL and are also now TCGF-independent. When necessary, additional controls
included Jurkat cells, derived from cells of a patient with T cell acute lymphocytic leukemia (/2), and PHA-stimulated normal human peripheral
blood lymphocytes. For the assay, 50 pl of each serum sample diluted in PBS were incubated with 10° target cells previously washed with PBS.
. After incubation for 30 minutes at 37°C the cells were washed three times with PBS. Fifty microliters of rabbit antibody to human 1gG conjugated
with fluorescein isothiocyanate and appropriately diluted in PBS were added and the cells were incubated again for 30 minutes at 37°C. The cells
were washed three times in PBS and suspended in 50 wl of PBS for microscopic examination.

Detection of antibody to HTLV

Number
positive Positive . n By immune
Diagnosis of serum samples out of serum By solid-phase RIA‘ fluorescenced
number No.* - -
tested Maximum Titer Titer
bound
Adult T cell leukemia 56 1 17,700 1,000 32
2 17,800 1,000 32
15 13,100 400 32
42 5,300 500 512
45 4,200 500 128
Adult T cell leukemia (chronic) 111 10 8,500 350 16
Acute lymphocytic leukemia of T cells 02
Acute lymphocytic leukemia 1/6 SSS62 8,200 1,000 512
Null-cell acute lymphocytic leukemia 2/12 4 128
5 11,400 1,000
Chronic lymphocytic leukemia of B cells 0/4
Chronic lymphocytic leukemia 0/1
Acute myelogenous leukemia 0/5
Acute monocytic leukemia 1/5 26 19,500 4,800 1,024
Acute myelo-monocytic leukemia (VA
Chronic myelogenous leukemia in the blast crisis stage 2/9 31 5,400 500 64
33 13,500 1,000 32
Healthy donors, endemic region 0/39
Random normal donors 0/41

* The numbers refer to the codes used by the Japanese collaborators for identifying serum samples and patients. + Natural antibody binding was calculated by
subtracting the radioactivity (counts per minute) of the antibody bound to AMV from the radioactivity of the antibody bound to HTLV. Serum was scored positive
only if the antibody reactivity was subsequently shown to be HTL V-specific by competition in the solid-phase RIA (see Fig. 1). Titers reflect the serum dilution at
which the natural antibody binding to HTLV was 50 percent of the maximum. + Scoring was based on the intensity of fluorescence and the percentage of cells
fluorescing. Only HTL V-specific serum samples as shown by studies with non-HTLV—-producing target cells were marked positive. Titers reflect the serum dilution at
which 50 percent of HUT102 cells fluoresced weakly.
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with antigens present in fetal calf serum.
Experiments with retroviral lysates fur-
ther showed that only HTLV could com-
pete (Fig. 1, D to F). These results not
only demonstrate the specificity of the
natural antibodies for HTLV but also
confirm the lack of immunological re-
lationship between HTLV and other
known retroviruses (¢, 5). In addition,
the data indicate that the natural antibod-
ies are not merely recognizing common
antigens acquired by retroviruses during
passage through a variety of tissue cul-
ture cells.

We have previously shown that natu-
ral antibodies in the serum of some pa-
tients with CTCL recognize at least two
antigens of the HTLYV core, p19 and p24
(7), suggesting the presence of replicat-
ing HTLV in these patients. Similar anal-
yses of radioimmune precipitates were
carried out here. All serum samples posi-
tive by the solid-phase RIA precipitated
both p24 and pl19 with the exception of
serum 5 (Table 1), in which p19 precipita-
tion was barely detectable (data not
shown). The serum with the highest titer
(serum 26 from a patient with acute

40 80 120 160 200

monocytic leukemia) precipitated pl15 in
addition to p24 and p19 (data not shown).
The p24 of HTLV has been unambig-
uously identified as a viral protein, both
by its presence in the HTLV core (4) and
by amino acid analysis showing se-
quences typical of other retroviral major
core proteins (13). The serum samples
positive in the solid-phase RIA also
show the presence of natural antibody to
HTLV p24 when tested with the homo-
geneously purified protein labeled with
1251 (14). In contrast to serum samples
from antibody-positive patients, the se-
rum of healthy donors did not precipitate
any low molecular weight HTLV pro-
teins.

Analysis of immune precipitates
showed that the natural antibodies are
directed against more than one HTLV
antigen, and, clearly, more than one anti-
body reactivity was monitored here (see
serums 4 and 5 in Table 1). The positivity
of the serum from six of the seven pa-
tients with ATL is striking. The only
negative sample was obtained from a
patient that received chemotherapy,
whereas all the positive samples were

Competing cellular proteins (ug)

from untreated individuals. It is possible
that the chemotherapy suppressed an
immune response to HTLV in this one
case. As HTLV is apparently involved
with some malignancies of mature T
cells, the positivity of the serum samples
from patients with leukemias other than
ATL is difficult to explain. Perhaps these
results merely reflect a greater preva-
lence of HTLV in southwestern Japan,
or they could indicate that HTLV is also
involved in some leukemias other than
those of mature T cells. These questions
will require serologic and epidemiolog-
ic surveys of patients, family members,
and other healthy individuals in regions
where diseases such as ATL are endem-
ic.

Since antibodies to HTLV occur only
rarely in American patients with CTCL
(7, 8, 13), the high percentage of positive
serum from ATL patients is remarkable.
One explanation for the contrast be-
tween the results from the American
CTCL and the Japanese ATL patients
may be that the particular subtype of T
cell malignancy called ATL is difficult to
diagnose, and that rare CTCL patients
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Fig. 1. Specificity of serum antibodies for HTLV antigens by solid-phase competition RIA. The solid-phase competition RIA was carried out as
described (7). Briefly, competing antigens were incubated for | hour at room temperature with human serum appropriately diluted in PBS-Tween,
The solid-phase RIA was then carried out as described in Table | with microtiter plates coated with disrupted HTLV. Background values of
antibody binding to bovine serum albumin were subtracted before calculating the percentage of antibody bound; the radioactivity (in counts per
minute) of '**I-labeled goat antibody to human immunogiobulin G bound in the absence of any competitor was counted as 100 percent. Cell
lysates used as competitors were prepared as described (7) and included HTLV-producing HUT102 ceils; a non-HTLV-producing CTCL line,
HUTY78; and normal peripheral blood lymphocytes stimulated with PHA for 72 hours. Fetal calf serum (FCS) was used as an additional control.
Viruses disrupted as previously described (7) and used as competing antigens included the simian sarcoma virus (SSV) grown in the 71API
marmoset cell line; gibbon ape leukemia virus (GALV) grown in gibbon lymphoblasts; the M7 strain of the baboon endogenous virus (BaEV)
grown in the human rhabdomyosarcoma cell line A204; the feline leukemia virus (FeLV) grown in feline lymphoblasts; the bovine leukemia virus
(BoLV) grown in fetal lamb kidney cells; and HTLV produced in HUT102 cells. (A, B, and C) The antibody reactivities in serum samples 26, §,
and 2 (see Table 1) were tested for competition with cell lysates of HUT102 cells, HUT78 cells, normal human T cells, and fetal calf serum. (D, E,
and F) The antibody reactivities of serum samples 26, 5, and 2 were tested for competition with the following disrupted retroviruses: HTLV,
simian sarcoma virus, gibbon ape leukemia virus, baboon endogenous virus, bovine leukemia virus, and feline leukemia virus.

19 FEBRUARY 1982

977



with positive serum actually have the
Japanese type of disease (ATL), or a
disease closely related to it. In this re-
gard, a study of the leukemic cell type in
Japanese ATL will help elucidate the
appropriate HTLV-susceptible cell.

The RNA tumor viruses have been
linked to leukemias and lymphomas of
animals since the pioneering studies of
Gross (16). Subsequently, Jarrett and
colleagues (17) were the first to associate
the feline leukemia virus with a naturally
occurring mammalian leukemia. Their
studies, combined with those of Essex et
al. (18), clearly demonstrated that FeLV
causes feline leukemia. Other retrovi-
ruses cause some naturally occurring leu-
kemias in chickens, wild mice, gibbon
apes, and cattle (/9, 20). The results
described here are the first to our knowi-
edge that demonstrate a human RNA
tumor virus linked to a human neoplasia.
This association and the known involve-
ment of animal retroviruses in certain
animal leukemias suggest that HTLV
may be involved in causing these unusu-
al human lymphoid malignancies.
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Role for the Adenosine Triphosphate~-Dependent

Proteolytic Pathway in Reticulocyte Maturation

Abstract. As reticulocytes mature into erythrocytes, organelles and many enzymes
are lost. Protein degradation during reticulocyte maturation was measured by mon-
itoring the release of tyrosine from cell proteins. Proteolysis in rabbit red blood
cells was directly proportional to the number of reticulocytes and was low in
erythrocytes. This process was inhibited by blockers of cellular adenosine triphos-
phate production and by agents, such as o-phenanthroline, N-ethylmaleimide, and
hemin, which inhibit the soluble adenosine triphosphate—~dependent proteolytic sys-
tem. The breakdown of endogenous proteins in reticulocyte extracts was also in-
hibited by these agents and required adenosine triphosphate. Inhibitors of lyso-
somal function, however, did not affect proteolysis. Thus, the proteolytic system that
degrades abnormal proteins also catalyzes the elimination of proteins during red cell

development.

When a mammalian reticulocyte ma-
tures into an erythrocyte, mitochondria,
ribosomes, and many cytosolic enzymes
disappear (I, 2). Since the loss of these
cellular components from reticulocytes
can occur in vitro (3), this process does
not require other organs and apparently
does not result from secretion of these
structures out of the cell. Reticulocytes
contain lysosomal proteases in mem-
brane-bound form (4) and also a soluble,
adenosine triphosphate—~dependent (ATP-
dependent) proteolytic system (4-6).
One function of the nonlysosomal path-
way is to hydrolyze proteins whose
structures are highly abnormal (4-8), as
may arise by mutation, biosynthetic er-
rors, or incorporation of amino acid ana-
logs. This pathway also seems to be
involved in the breakdown of certain
normal cell proteins; in adult hepato-
cytes, for example, the breakdown of
short-lived proteins is not affected by
inhibitors of lysosomal function such as
chloroquine or leupeptin, which reduce
the breakdown of more long-lived pro-
teins in the same cells (9). In addition, in
growing fibroblasts and myotubes, deg-
radation of most cell proteins is not
sensitive to inhibitors of lysosomal pro-
teolysis, but does require ATP (10, 1I).

We investigated whether the ATP-de-
pendent or the lysosomal pathway is
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involved in the maturational breakdown
of protein during reticulocyte develop-
ment. Most studies of proteolysis in re-
ticulocytes (5-8) have been limited to
measurements of the breakdown of new-
ly synthesized proteins. Since over 95
percent of the protein synthesized in
these cells is hemoglobin, this approach
is not useful for studying maturational
loss of reticulocyte components, which
were synthesized at earlier stages of the
cell’'s development. To monitor their
degradation, we used a fluorometric
method to measure the net generation of
free tyrosine from preexistent proteins
(12, 13). We confirmed that there is no
synthesis or oxidation of tyrosine in red
blood cells (1) by establishing that
no 'CO; or ["*Clhydroxyphenylpyruvic
acid was produced from {*C]tyrosine by
rabbit reticulocytes and that no increase
in tyrosine occurred when such cells
were incubated with phenylalanine.
Therefore, when protein synthesis is
blocked by addition of cycloheximide,
the tyrosine accumulating in the cells
and medium results from the breakdown
of cell proteins.

Reticulocyte production was induced
in rabbits (males, 8 to 10 pounds) by
subcutaneous injections of phenylhydra-
zine (25 mg/day) for 5 days. Two or more
days after injections were stopped, sam-

SCIENCE, VOL. 215, 19 FEBRUARY 1982





