
give a clue to understanding the stimula- 
tion of mucus release in the body. Al- 
though we did not find mucus-stimulat- 
ing activity in the culture fluid of the 
cells-even after heating to 85°C for 4 
minutes-MSS might be released from 
lymphoblastoid cells into the serum in 
vivo. With a different assay involving the 
use of isolated rabbit endocervical cells, 
Nicosia et al. (7) found an MSS in rabbit 
serum. Fetal calf serum in the culture 
medium of the lymphoblastoid cells was 
not found to contain MSS's, even after 
heating. 

The finding that trypsin and deoxyri- 
bonuclease I affects the activity in the 
nuclear fraction but not in the cytoplas- 
mic fraction suggests the presence of a t  
least two different MSS's in the cell. The 
effects of the nucleotides seem to indi- 
cate the involvement of energy-depen- 
dent processes in the activation of 
MSS's. Although the concentration at 
which the maximal response was ob- 
tained, 10-*M, is fairly high, it seems to 
be specific for the nucleoside triphos- 
phates and for the Mg-nucleotide com- 
plex. The increase in titer after addition 
of deoxyribonuclease I may also be due 
to the endogenous formation of nucleo- 
side triphosphates, since it occurs only 
with the nuclear fraction. The relation 
between the two MSS fractions can be 
determined only after further character- 
ization and purification. 
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Transformation of Human Leukocytes by Cocultivation with an 
Adult T Cell Leukemia Virus Producer Cell Line 

Abstract. The transmission of adult T cell leukemia virus, a human retrovirus, into 
fresh leukocyt'es from normal humans was examined. One of three virus-carrying cell 
lines, tested after being subjected to lethal x-irradiation, consistently trmsformed 
leukocytes from adult peripheral blood and umbilical cord blood. All the transformed 
cell lines expressed adult T cell leukemia virus-associated antigen, but transformed 
lines originating from adult and umbilical cord blood exhibited T cell and non-T, non- 
B cell surface natures, respectively. EfSorts to transform hlrmm leukocytes with cell- 
free virus were unsuccessful. 

In 1977 Takatsuki and his colleagues 
(I)  reported the clinical and hematolog- 
ical characters of a new type of leuke- 
mia, adult T cell leukemia (ATL). Since 
then, many investigators have confirmed 
the existence of this malignancy and 
have proposed that the disease also be 
called adult T cell leukemiallymphoma 
because of its leukemic, lymphomatous 
nature (2). The disease is principally 
found in areas of southwestern Japan. 

Recently, Hinuma et al. (3) reported 
that an antigen associated with a long- 
term culture of ATL cell line MT- 1 react- 
ed with serum from all ATL patients 
tested and also with serum from about 25 
percent of the healthy adults tested in 
areas where ATL is endemic. The anti- 
gen (ATLA) reacted with very few se- 
rum samples from subjects living in areas 
not affected by ATL. This antigen is also 
found in two other cell lines, MT-2 (4) 
and MT-4 (5) ,  each of which was ob- 
tained by coculturing peripheral leuke- 
mic cells from ATL patients with normal 
umbilical cord leukocytes. Both MT-2 
and MT-4 were shown to be of cord cell 
origin by sex chromosome analysis. Fur- 
thermore, ATLA was detectable in 
short-term cultures of peripheral leuke- 
mic cells from ATL patients (6). Thus 
ATLA was consistently detected in long- 
or short-term cultures of ATL cells but 
not in 14 other human lymphoblastoid 
cell lines, including T cell, B cell, and 
non-T, non-B cell lines (3). 

Virus particles with C-type morpholo- 
gy were found in all the ATLA-positive 
cell cultures by electron microscopy (3, 
4, 6, 7 ) .  We have demonstrated and 
characterized type C retrovirus by bio- 
chemical techniques (8) and have named 
the virus adult T cell leukemia virus 
(ATLV). However, the biological activi- 
ties of this retrovirus are largely un- 
known. We now report the transmission 
of ATLV genomes into normal human 
adult peripheral and umbilical cord blood 
leukocytes by cocultivation with x-irra- 
diated MT-2 cells (9). Transmission was 
revealed by the transformation of and 
expression of ATLA in the recipient 
cells. 

Cells of line MT-I ,  MT-2, or MT-3 
were cultured in RPMI-1640 medium 
(supplemented with 20 percent fetal calf 
serum and antibiotics) a t  37'C in an 
incubator with COz. About half the me- 
dium was changed twice a week. The 
cells were lethally x-irradiated (9000 R), 
centrifuged, and suspended in fresh me- 
dium to reduce the concentration of free 
radicals generated in the medium during 
irradiation. Blood was obtained from 
healthy adults and from umbilical cords 
at  full term. Mononuclear leukocytes 
(lymphocytes and macrophages) were 
prepared by Ficoll-Conray gradient cen- 
trifugation (10). Samples of freshly pre- 
pared leukocyte suspension (1 x lo6 
cells per milliliter) or cells that had been 
cultured for 1 day were mixed with an 
equal volume of the suspension of irradi- 
ated MT-2 cells (1 x lo6 cells per millili- 
ter). Samples (1.0 ml) of the mixtures 
were cultured in plastic wells (Falcon 
model 3008). Control cultures consisted 
of leukocytes or irradiated MT-2 cells 
alone. The cultures were examined at  
least once a week for cell transforma- 
tion, which was defined as  the appear- 
ance of scattered cell aggregations and a 
subsequent increase in their size and 
number. Transformation was confirmed 
by continuous growth of the cells during 
serial subcultivation. 

In cocultures with irradiated MT-2 
cells, transformation and continuous 
growth of "recipient" cells from adults 
or newborns were observed after 2 to  4 
weeks of incubation. In control cultures 
the ~rradiated MT-2 cells did not show 
any evidence of proliferation, and cul- 
tures containing only leukocytes showed 
only transient proliferation of macro- 
phages or lymphoid cells. All 20 of the 
transformed cell lines tested were posi- 
tive for ATL virus. 

Table 1 shows properties of 12 trans- 
formed cell lines derived from six prepa- 
rations of adult peripheral blood leuko- 
cytes (PBL) and six of umbilical cord 
blood leukocytes (CBL). The lines show 
variable proportions of ATL antigen- 
positive cells (from 17 to over 90 per- 
cent). All the lines tested were negative 
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'able 1. Analysis of transformed cells derived from leukocytes from peripheral or umbil~cal 
cord blood cocultivated with x-ray-irradiated ATLV-carrying MT-2 cells. N.D.,  not deter- 
mined. 

Source ATLA- Cells with markers ('3%) 
Time 

of in co- positwe 
Leu Leu Leu Immu- 

speci- culture cells 
men (96) 1 2a 3a 4 

Leu noglob- 
ulin A 

OKA 
IM A 
YAM 
KOM 
AZU 
YAN 

N AK 
AIB 
FUK 
KIY 
KOS 
OTS 

OHT 

5 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
3 weeks 

6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
7 weeks 

> 4 years 

Peripheral blood cell line 
> 90 > 80 O* 
> 90 > 80 0 

23 > 80 8 
> 90 > 80 0 

14 > 80 25 
> 90 > 80 14 

Umbilical cord blood cell line 
> 90 2 0 
> 90 0 0 
> 90 0 0 
> 90 3 0 
> 90 15 10 
> 90 14 0 

MT-2 cell line 
> 90 > 80 0 

> 80 8 
N.D. 13 
> 80 74 
N.D. 20 
> 80 71 

54 2 

0 33 
0 7 
0 35 
0 N.D. 

32 9 
1 N.D. 

*Values of 0 include values < 1 percent. 

for Epstein-Barr virus-associated nucle- 
ar antigens. They were also negative for 
surface immunoglobulin. All six PBL 
lines contained many cells possessing 
the T cell surface markers Leu I ,  Leu 3a, 
and Leu 4. In contrast, most of the CBL 
lines did not have surface antigens. Al- 
though Leu I-positive cells were pres- 
ent, their fluorescence was weak and the 
fraction with this antigen was small. Ro- 
sette formation was examined with neur- 
aminidase-treated sheep red blood cells. 
More than 80 percent of both PBL lines 
tested formed rosettes, while the three 
CBL lines tested did not form rosettes. 
These findings suggest that CBL lines 
are not T cells but rather are non-T, non- 
B cells. Karyological studies were per- 
formed to determine whether these cell 
lines originated from recipient or MT-2 
cells, which are known to possess the 
male karyotype. Cell line C B L  AIB had 
a diploid karyotype with female sex 
chromosomes, showing that it was de- 
rived from female recipient and not male 
"donor" MT-2 cells. 

To  see whether the susceptibility of 
target leukocytes to  transformation by 
MT-2 cells differs in individual donors, 
we determined the minimum numb48 of 
x-irradiated MT-2 cells necessary to  in- 
duce transformation of a fixed number of 
recipient cells (5 x 10' per well). As 
shown in Table 2, the susceptibility to  
transformation differed considerably in 
different individuals; for instance, in leu- 
kocytes from donors KOY and MUR, 
only 1 x lo2 MT-2 cells caused transfor- 
mation, whereas 5 x 10' cells were re- 
quired for transformation of leukocytes 
from KAN and SAK. The reason for this 

difference in susceptibility is unknown. 
Next, we examined whether ATLV- 

carrying cell lines MT-1 and MT-4 have a 
transforming capability similar to  that of 
MT-2. The preparations of MT-I, MT-2, 
and MT-4 cells contained 3, > 90, and 50 
percent ATLA-positive cells, respective- 
ly. Recipient leukocytes were obtained 
from OKA (Table I). These leukocytes 
(5 x 10') were cocultured with the same 
number of cells from one of the three 
lines after irradiation. N o  transformation 
occurred in cocultures with MT-1 or MT- 
4 cells, although apparent transformation 
was consistently observed in those with 
MT-2 cells. 

We also attempted to transform hu- 
man leukocytes with cell-free virus. Var- 
ious preparations of ATLV were made 
from MT-I, MT-2, and MT-4 cell lines as  
follows. Virus was obtained from fluid or 
cells (2 x lo7 per milliliter) cultured for 1 

Table 2. Susceptibility of leukocytes from 
normal adult peripheral blood and umbilical 
cord blood to transformation by cocultivation 
with MT-2 cells. 

Source 
of 

speci- 
men 

Minimum number 
of MT-2 cells 

necessary for trans- 
formation per well 

KOY 
OCH 
T AK 
K AN 
YAM 

MUR 
KOH 
SAK 

Peripheral blood leukocytes 
1 x lo2 
5 x 104 
5 x 104 
5 x lo5 

> 1 x lo5 

Cord blood leukocytes 
1 x lo2 
5 x lo2 
5 x lo5 

to 7 days at 37OC. Culture fluids, which 
contained about 3 x 10' infectious 
units-as determined by an assay of 
ATLA-inducing activity (I 1)-were used 
as is or concentrated 100 times (8). In all 
experiments with six CBL and ten PBL 
preparations .from different individuals, 
no transformation was observed after 
infection of these cells with 12 different 
preparations of ATLV. 

The transformation of the PBL and 
CBL lines in the cocultivation procedure 
(9) does not seem to be attributable to 
cell fusion resulting in hybrids of ATLA- 
positive MT-2 cells and leukocytes, but 
rather to the introduction of ATLV ge- 
nomes from the former cells into the 
latter by cell-to-cell infection. Three 
findings support this conclusion. (i) A 
cell line analyzed karyologically was dip- 
loid, with female chromosomes not pres- 
ent in MT-2 cells. (ii) Cell surface marker 
studies revealed that none of the trans- 
formed cell lines closely resembled MT-2 
cells. (iii) In separate experiments (12), 
we observed the transmission of ATLV 
genomes into various ATLA-negative 
human lymphoid cell lines including T ,  
B, and non-T, non-B cells by cocultiva- 
tion with irradiated MT-2 cells. These 
lines became ATLA-positive. These data 
strongly support the idea that virus parti- 
cles or genomic materials of ATLV from 
lethally irradiated, ATLA-positive cells 
are introduced into normal human leuko- 
cytes, with the cells then being trans- 
formed. It is not known whether virus 
infection occurs by cell-to-cell infection. 
It is possible that the free virus infects 
after its release into the culture medium. 
However, this possibility seems unlike- 
ly, because no cell-transforming activity 
of cell-free MT-2 virus was detected in 
several tests. 

The transformed PBL and CBL lines 
occasionally showed decreased growth 
ability. Their growth could be restored 
by adding T cell growth factor. Thus, 
this growth factor is required for the 
continuous growth of certain trans- 
formed ATLA-positive cells. 

Coculture with lines MT-4 and MT-1 
did not cause transformation of normal 
leukocytes. One possible reason for this 
is that the number of infectious cells in 
these two lines was too small to induce 
transformation. Another possibility is 
that lines MT- 1 and MT-4 lack the ability 
to induce transformation. Analysis at the 
molecular level is required to  determine 
the mechanism by which human leuko- 
cytes in coculture with ATLV-carrying 
MT-2 cells are transformed. 

It was recently reported that human T 
cell leukemia virus (HTLV), isolated 
from cells from patients with cutaneous 
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T cell lymphoma/leukemia in the United 
States, was reactive with serum from 
Japanese ATL patients (13, 14). Further- 
more, patients with a form of ATL indis- 
tinguishable from Japanese ATL have 
been found in the West Indies. The se- 
rum of these patients is uniformly posi- 
tive for HTLV antibodies (15). These 
observations indicate that HTLV is ei- 
ther identical to or closely related to 
ATLV and that the virus has a world- 
wide distribution. 
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Substance P: A Putative Sensory Transmitter in 
Mammalian Autonomic Ganglia 

Abstract. Repetitive presynaptic stimulation elicited slow membrane depolariza- 
tion in neurons of inferior mesenteric ganglia from guinea pigs. This response wus 
not blocked by cholinergic antagonists but was spec$cally and reversibly inhibited 
by a substance P analog, (D-pro2, ~ - ~ h e ' , ~ - ~ r ~ ~ ) - s u b s t a n c e  P ,  which also depressed 
the depolarization induced by exogenously applied substance P .  The atropine- 
sensitive slow excitatory and slow inhibitory postsynaptic potentials evoked in 
neurons of rabbit superior cervical ganglia were not affected by the substance P 
analog. These and previous results provide strong support for the hypothesis that 
substance P or a closely related peptide is the transmitter mediating the slow 
depolarization. The latter may represent a sensory input from the gastrointestinal 
tract to neurons of the prevertebral ganglia. 

Synaptic transmission in autonomic 
ganglia involves several postsynaptic po- 
tentials with opposing polarities and time 
courses that range from a few millisec- 
onds to several minutes (I). Acetylcho- 
line, the classical transmitter in auto- 
nomic ganglia, acts on postsynaptic nico- 
tinic and muscarinic receptors to give 
rise to fast and slow excitatory postsyn- 
aptic potentials (EPSP's), respectively. 
In a number of autonomic ganglia pre- 
synaptic stimulation evokes, in addition 
to cholinergic fast and slow excitatory 
potentials, a third excitatory potential 
that lasts for seconds or minutes. Since 
this slow depolarization is not blocked 
by cholinergic antagonists, it has been 
proposed that it is not mediated by ace- 
tylcholine (2). 

Immunohistofluorescence, ultrastruc- 
tural, biochemical, and electrophy siolog- 
ical studies (3-8) have implicated sub- 
stance P (SP), an undecapeptide, as the 
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transmitter mediating the slow, noncho- 
linergic depolarization evoked in neu- 
rons of the guinea pig inferior mesenteric 
ganglia. Positive identification of SP as 
the transmitter in these ganglia has not 
been possible because of a lack of specif- 
ic SP antagonists. Recently, several SP 
analogs have been developed that are 
antagonistic to SP in various tissues (9). 
We report here that SP analog ( D - ~ ~ O ~ , D -  
p h e 7 , ~ - ~ r p 9 ) - s p  (Pro, proline; Phe, 
phenylalanine; Trp, tryptophan), a dif- 
ferential antagonist of the effects of SP 
on smooth muscle (9), specifically and 
reversibly depresses noncholinergic 
transmissions in guinea pig inferior mes- 
enteric ganglia. 

Intracellular recordings were obtained 
from neurons of guinea pig inferior mes- 
enteric ganglia and rabbit superior cervi- 
cal ganglia (5, 6, 10). The ganglia were 
superfused with Krebs solution (10) to 
which appropriate concentrations of SP, 

SP analog, or other drugs were added. 
Repetitive stimulation (30 Hz, 2 to 4 

seconds) of hypogastric nerves elicited 
bursts of action potentials in the inferior 
mesenteric ganglia neurons. Most of 
these cells then underwent a slow depo- 
larization (the noncholinergic depolar- 
ization). In some instances a prolonged 
hyperpolarization occurred subsequent- 
ly (Fig. 1) (6). When applied in concen- 
trations of 1 to 10 pM, the SP analog did 
not change the resting membrane poten- 
tial or input resistance in 16 of 23 neu- 
rons tested (Fig. 1). In the remaining 
seven neurons, the analog caused a slow 
depolarization of several millivolts, ac- 
companied in some instances by an in- 
crease in membrane resistance. The 
membrane potential gegerally returned 
to near the control leyelafter continuous 
superfusion with SP  analog for several 
minutes (Fig. 2). 

The SP analog caused no measurable 
change in the amplitude of the initial fast 
EPSP's, whereas it reversibly de- 
pressed-in 13 of the 17 cells tested-the 
noncholinergic depolarization evoked by 
nerve stimulation. No appreciable 
change in the noncholinergic response 
was observed in the remaining four neu- 
rons. The depression of the depolariza- 
tion induced by SP analog developed 
slowly; usually it reached a maximum 3 
to 5 minutes after application of the 
substance was discontinued (Fig. 1). The 
amplitude of the depolarization gradually 
returned to the control level after the 
preparation was washed with Krebs so- 
lution for 15 to 30 minutes (Fig. l). 

The SP analog's depressant effect was 
related to its concentration. At concen- 
trations of 1 and 10 y M ,  SP analog 
depressed the amplitude of the noncho- 
linergic response 14 percent (P  < .05, 
paired Student's t-test; N = 6) and 42 
percent (P < .01; N = 7), respectively. 
At 50 pM, SP analog completely abol- 
ished the depolarization in less than 5 
minutes in two cells tested; the effect 
was reversed after a 30-minute wash 
with Krebs solution. An initial augmen- 
tation of the depolarization was ob- 
served in 4 of the 13 neurons to which SP 
analog was applied; the enhancement 
was generally small (< 10 percent), and 
it was consistently followed by a much 
larger depression of the response. The 
prolonged hyperpolarization that follows 
the noncholinergic depolarization con- 
tinued to be present when the application 
of SP analog attenuated or blocked the 
depolarization (Fig. 1). 

Next we determined the effects of SP 
analog on membrane depolarization in- 
duced by exogenously applied SP. Mem- 
brane depolarization was elicited by ex- 

0036-807518210820-0739$0110010 Copyright O 1982 AAAS 739 




