plasms observed in certain persons (17).
As more oncogenes are isolated and
characterized, it may be possible to es-
tablish screening procedures to assess
individuals at risk for various neoplastic
diseases.
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Isolation and Transmission of Human Retrovirus (Human

T-Cell Leukemia Virus)

P

W

Abstract. Nine new isolates of human T-cell leukemia-lymphoma virus (HTLV)
were obtained from cells of seven patients with malignancies of mature T cells and
from two clinically normal relatives of a T-cell leukemia patient. These people were
from the United States, Israel, the West Indies, and Japan. The virus was detected in
the fresh T cells and was isolated from the established T-cell lines. Each isolate is
closely related to the first HTLV isolate, and all the new HTLV isolates were
transmitted into normal human T cells obtained from the umbilical cord blood of

newborns.

Human T-cell leukemia-lymphoma vi-
rus (HTLYV) is a type-C retrovirus that
has been isolated from cells of adult
patients in the United States with leuke-
mias and lymphomas of mature T cells
(I-4). This virus was subsequently iso-
lated from adult T-cell leukemia (ATL)
patients in Japan (5, 6). In this report we
describe the isolation of nine new HTLV
isolates from people in different parts of
the world, show transmission of each of
the isolates into human cord blood, and
show that HTLV can be isolated not
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only from patients with aggressive adult
T-cell leukemia but also from cases of
less aggressive peripheral lymphomas
and even from clinically ‘‘normal’’ indi-
viduals with abnormal T cells.

The new HTLV-positive T-cell lines
were established from four patients in
the United States, one in Israel, one in
the West Indies, and three members of a
family from northwest Japan (Table 1).
The last three included a male patient
(S.K.) with T-cell leukemia and his par-
ents. His father (H.K.) and mother

(T.K.) are clinically healthy, but the
mother has abnormal lymphocytes with
convoluted nuclei characteristic of leu-
kemic T cells from patients with ATL
(7). All the lines were derived from the
peripheral blood or bone marrow of the
patients by using T-cell growth factor
(TCGF) as described (8, 9). The cells
showed a decreased requirement for ex-
ogenous TCGF and potential for indefi-
nite growth in vitro. Over 80 percent of
the cells were positive for TCGF recep-
tors (reactive with antibody prepared
against the activated T cells, anti-TAC)
(10). All T-cell lines formed rosettes with
sheep erythrocytes (E-rosette positive);
and they were negative for surface
immunoglobulins (IgA, IgG, and IgM),
Epstein Barr virus nuclear antigen
(EBNA), and terminal deoxynucleotidyl
transferase (TdT). In addition, the cell
lines reacted with most pan-T monoclo-
nal antibodies (up to 100 percent). No
reactions were observed with monoclo-
nal antibodies against B cells (BA-1) and
thymus (OKT-6 and NAI/34) T cells.
Thus, studies with both conventional
and monoclonal antibody T-cell markers
indicate that the HTLV-positive cell
lines represent mature T cells.

The surface phenotype of these
HTLV-producing cell lines was further
characterized by using the monoclonal
antibodies OKT-4, Leu-3A, OKT-8, and
Leu-2A. Five of the seven lines from
patients with leukemia consistently ex-
hibited only the ‘‘helper-inducer’ phe-
notype (OKT-4", Leu-3A") (Table 1).
About 20 to 30 percent of the cells of the
two remaining cell lines, from P.L. and
S.K., also reacted with monoclonal anti-
bodies supposedly typing a ‘‘suppressor-
cytotoxic phenotype” (OKT-8%, Leu-
2A"). Cell lines from H.K. and T.K., the
clinically healthy parents of patient
S.K., reacted either only with OKT-8
and Leu-2A. (H.K.) or, in the case of
T.K., exhibited a ‘‘double’’ phenotype
(OKT-8%, Leu-2A*, OKT-4*, Leu-
3A"). Thus, the data support observa-
tions that primary tumor cells of HTLV-
positive malignancies are mature T cells
with the OKT-4, Leu-3A subtype (11). A
high percentage of the cells (69 to 92
percent) are TCGF receptor positive as
estimated by the direct response of these
cells to purified human TCGF (/2) and
by their reactivity with a monoclonal
antibody to TCGF receptor (anti-TAC)
(13). All cell lines are diploid, possess
distinct  histocompatibility ~ antigen
(HLA) profiles, and match the karyotype
of the primary donor cells.

The cell lines were analyzed for the
presence of HTLV by competition ra-
dioimmunoprecipitation assay (RIPA)
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for the major core protein p24 (14), by an
indirect immunofluorescence assay
(IFA) with highly specific monoclonal
antibody for pl19 (15), and by reverse
transcriptase (RT) activity in culture flu-
ids (16). HTLV was fully expressed in all
established cell lines, and type-C virus
particles were detected by electron mi-
croscopy, but there was substantial vari-
ation in the amounts. For instance, the
T-cell line from the mother (T.K.) of
patient S.K. had the highest virus titer,
whereas the cell line from patient M.J.

had relatively low levels of p24 and RT.
However, HTLV production fluctuated
in the same cell line during cultivation in
vitro. All the cell lines contained pl9
positive cells (38 to 85 percent of the
total cell population) (Table 1).
Serological-epidemiological and nucle-
ic acid hybridization studies have dem-
onstrated that HTLYV is exogenous. Pos-
sible HTLV transmission was reported
when the virus was isolated from cord
blood used as a feeder layer during at-

from an ATL patient in Japan (5). Since
this cord blood came from an endemic
area of southern Japan (Kyushu) where
clustering of ATL occurs and where
more than 10 percent of healthy individ-
uals have antibodies to HTLV (17, 18), it
was possible that the recipient cells were
already infected.

Our transmission studies with each of
the nine new HTLYV isolates were car-
ried out on target (recipient) cells that
were tested and shown to be negative for
HTLV. Donor cells were x-irradiated

tempts to establish a cell line (MT-2)

Fig. 1. Electron microscopic
examination of HTLV-in-
fected and mitogen-stimulat-
ed human umbilical cord
blood T cells. (A) Infected
CS5/MJ cells showing lobulat-
ed nucleus and typical type-
C virus particles (see insert).
(B) Normal human cord
blood T cells stimulated with
PHA (scale bars, 100 nm).

Table 1. Origin of new HTLYV isolates and characteristics of established T-cell lines. The cell lines were derived from peripheral blood (PB) or
bone marrow (BM) as follows: MJ from PB of M.J., a 50-year-old white male with cutaneous T-cell lymphoma, mycosis fungoides (CTCL, MF)
from Boston, Massachusetts; WA from BM of W.A., a 20-year-old black male with peripheral T-cell lymphoma (PTCL) of a diffuse mixed cell
type from Augusta, Georgia; OB from PB of O.B., a 32-year-old black female with PTCL of a diffuse mixed cell type from Manchester, Georgia;
PL from PB of P.L., a 29-year-old black female with PTCL (diffuse mixed lymphoma) from Oveido, Florida; UK from PB of U.K., a 45-year-old
white male with PTCL (diffuse histiocytic lymphoma) from Jerusalem, Israel; MI from PB of M.I., a 32-year-old black female with T-cell
lymphosarcoma cell leukemia (T-LCL) from Granada, West Indies; SK from PB of S.K., a 21-year-old male with adult T-cell leukemia (ATL)
from Honshu Island, Japan; TK from PB of T.K., a 45-year-old female (mother of S.K.); and HK from PB of H.K., a 49-year-old male (father of
S.K.) from Honshu Island, Japan. N.D., not done.

Patient and cell line identification

Characteristic
- MJ WA OB PL UK MI SK TK HK
Patient
Geographic origin United United United United Israel West Japan Japan Japan
States States States States Indies
Diagnosis CTCL(MF) PTCL PTCL PTCL PTCL T-LCL ATL Normal  Normal
Expression of HTLV in cultured cells*
p24 (ng/mg) 130 80 40 680 1940 1500 170 2700 400
p19 (percent positive cells) 9 80 50 80 70 60 40 50 40
RT (pmole/ml extract) 4 19 3 53 5 17 6 35 15
Virus particles (electron microscopy) + + + + + + + + +
Cultured cell characteristics
TCGF requirements (units)t < 0.1 <04 <09 <0.4 <0.8 < 0.6 < 0.6 <0.5 <0.7
TCGF receptors (TAC)T (percent) 87 92 N.D. 81 89 89 78 69 74
E-rosettet (percent) 95 94 95 79 91 95 90 80 94

EBNA, TdT, IgA, IgG, IgM* 0 0 0 0 0 0 0 0 0
Lymphoid surface phenotypet

Pan T (T-101; T-28; A-5D; OKT-3; 50 to 100 80 to 99 75 54t095 63t095 50t095 90to95 90to95 60to9S
OKT-11) (percent)

Thymus (OKT-6; NA1/34) and 0 0 N.D. 0 0 0 0 0 0
B cells (BA-1)

OKT-4; Leu-3A (percent) S50to 60 70 to 90 80 70t0 90 80 to 90 95 50to95 18to 90 0

OKT-8; Leu 2A (percent) 0 0 0 20 to 30 0 0 30 89 42 t0 90

*The core protein p24 was detected by RIPA with cell extracts (/4), and p19 was detected by IFA on fixed cells (15); RT activity in culture fluids was assayed as de-
scribed (16). Ten milliliters of the conditioned medium was centrifuged at 90,000 for 1 hour. The pellet was resuspended in 300 ul of 50 mM tris-HCl (pH 7.5), 20 per-
cent glycerol, 0.25 percent Triton X-100, and 0.25M KCI. Ten-microliter samples were assayed with (dT),s - (A), (oligodeoxythymidine polyadenylate) in the presence
of Mg” with [PHJdTTP (tritiated deoxythymidine triphosphate) (5000 cpm/pmole) as the radiolabeled substrate. The incorporation of radioactivity is expressed as
picomoles of [PHJdTMP (tritiated deoxythymidine monophosphate) incorporated per milliliter of extract. tValues determined by probit analysis; one unit of
TCGF is defined as the amount necessary to give 50 percent of maximum [*H]thymidine uptake by normal human T cells from PB in the presence of a standard TCGF
preparation. The binding of monoclonal antibody TAC was determined by cytofluorometry with a fluorescence-activated cell sorter (FACS). The phenotypes of the T
cells were determined by both IFA and by FACS. Although OKT-4*, Leu-3A* cells are usually type-specific for a helper-inducer phenotype, exceptions are known.
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new cord blood T cells. Cells of this M.J.
line treated with mitomycin C were co-
cultured with cord blood cells (C1) from
a newborn female. The same procedures
were used to transmit HTLV from C1 to
C2 and from C2 to C3 cord blood cells.
Analysis of p19, p24, RT, and electron
microscopic examinations showed that
HTLV was fully expressed in all three
cord blood T-cell lines. These three cell
lines exhibited distinct HLA profiles
(data not shown), thereby confirming the
karyological data. When C3/MJ cord
blood T cells with a female karyotype
were cocultured with C5 cord blood cells

(6000 R) or treated with mitomycin-C
(100 pg/ml for 20 minutes), and then
washed and cocultivated with recipient
cord blood T cells of opposite sex (male
x female and vice versa). After 4 to 5
weeks of cocultivation, the cultures were
analyzed for expression of HTLV anti-
gens, extracellular virus, karyotype, and
HLA profiles (Table 2).

Virus from the cell line derived from
M.J. was transmitted into human umbili-
cal cord blood T cells from four different
newborns. On each successive transmis-
sion the recipient cord blood T cells
became the donor for infection of the

100 - e
75

50

25

25|~ abeled antigen bound (%)

0.1 1 10 0.1 1 10
Cellular protein (ug)

Fig. 2. Homologous competitive radioimmunoprecipitation assay (RIPA) of the major core
protein p24 with representative HTLV isolates. Cell extracts of established cell lines were used:
(A) from patients C.R. (X), M.J. (O), U.K. (A), M.I. (A), and S.K. (V) and from normal human
cultured T cells (a negative control) from peripheral blood ((J); and (B) from the T-cell lines
from cord blood of newborns infected with HTLV isolates C2/MJ (O), C4/UK (A), C21/MI (A),
C8/SK (V) and normal cord blood T cells (M) (a negative control).

Table 2. Transmission of HTLV into human cord blood T cells by cocultivation with HTLV-
positive T-cell lines. N.D., not done; M, male; F, female.

Sex chromo-
some* of . .
Expression of HTLV proteins*

Cocultured fresh and P P Elec-
cells* cultured cells tron
(recipient/ p19 RT micros-
donor) Recip- Do- (percent &2;/ (pmole/ copy

ient nor positive mg) ml ex-
cells) tract)
Successive transmission
Ci/MJ F M 90 385 3.3 +
C2/M] F F 85 930 N.D. +
C3/MJ F F 95 690 5.1 +
C5/MJ M F 90 540 8.1 +
Individual transmission
C4/UK F M 81 740 34.1 +
C21/M1 M F 47 235 60.4 +
C6/WA F M 53 502 0 -
C91/PL M F 71 500 35.6 +
C126/0B M F 30 140 N.D. N.D.
C8/SK F M 47 1000 8.7 +
C7/TK M F 65 685 84.2 +
C90/HK F M 46 500 30.3 +

*The HTLYV isolates were transmitted into human cord blood T cells by a modification of the procedure for
rescue of avian sarcoma virus genome from nonpermissive cells (21). The donor cells were treated with
mitomycin-C (100 wg/ml for 20 minutes) or x-irradiation (6000 R), and then cocultured at a ratio of 1:3 or 1:5
with mononuclear cord blood cells and examined for HTLV expression after 4 to 5 weeks in culture. Sex
chromosomes and HLA antigens were used as markers for HTLV-infected T cells. Control or PHA- or
allogenic (human T cells from peripheral blood)-stimulated recipient cord blood T cells were processed
simultaneously and tested for HTLV. Prior to the transmission experiments the cord blood samples were
consistently negative for HTLV.
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from a male individual, the recipient
cells showed male karyotype and HLA
profiles (data not shown). Electron mi-
crographs of HTLV-infected cord blood
cells C5/MJ and phytohemagglutinin
(PHA)-stimulated C5 (control) cells are
shown in Fig. 1. The virus-infected cells
show a lobulated nucleus (Fig. 1A) and
express type-C virus particles (inset) in
contrast to the normal cord blood T cells
(Fig. 1B). Cocultures of HTLV-negative
T cells from peripheral blood of a normal
donor with C1 cells or PHA-stimulated
CS cells were consistently negative for
p24 and p19.

Eight other isolates (Table 2) of HTLV
were transmitted into fresh human cord
blood T cells resulting in productive in-
fection, with the exception of C6/WA.
Karyotype and HLA profiles (data not
shown) again consistently matched re-
cipient cord blood T cells. The shape of
competition curves in homologous RIPA
for p24 were similar for all the new
isolates whether the p24 was from cell
extracts of HTLV-positive cell lines
(Fig. 2A) or from HTLV-infected cord
blood T cells (Fig. 2B). These studies
show that all the new HTLYV isolates are
closely related, just like the earlier
HTLV isolates (HTLVcr, HTLVyp)
and the two Japanese isolates (MT,,
MT,) (17) but different from the recent
new human retrovirus isolated in our
laboratory from a hairy cell leukemia (4).
The results from transmission studies
clearly show that various new HTLV
isolates can infect and replicate in human
cord blood T cells.

The isolation of HTLV from patients
in different parts of the world supports
recent serological-epidemiological stud-
ies (/8-20) indicating that this virus is
more widespread than previously be-
lieved. The isolates from mature T cells
of ‘‘normal”’ individuals are of particular
interest because these cells exhibited T-
cell surface markers that differed some-
what from the HTL V-positive malignant
cells. The clinically normal mother
(T.K.) of the ATL patient (S.K.) has
morphologically abnormal lymphocytes
in circulation (resembling T cells from
ATL patients) suggesting that she maybe
in a preleukemic state (7).

Our results demonstrate that all the
new HTLYV isolates are capable of infect-
ing normal human umbilical cord blood T
cells. With the availability of neoplastic
T-cell lines from patients as well as
HTLV-infected cord blood T cells it will
be possible to study in vitro the cellular
and molecular mechanisms of neoplastic
transformation of human cells by a natu-
ra]ly occurring human retrovirus. In ad-
dition, since these new cell lines are
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mature T cells with helper phenotype,
they may be of practical value for pro-
duction of various lymphokines.
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A Nonenzymatic RNA Polymerase Model

Abstract. Polynucleotide templates containing C (cytidine) as the major compo-
nent facilitate the synthesis of oligonucleotides from mixtures of the activated
mononucleotide derivatives (as indicated by structure 1 in the text). A nucleotide is
incorporated into oligomeric products if and only if its complement is present in the
template. The reaction has a high fidelity and produces products with mean chain
lengths of six to ten nucleotides. Bases other than guanosine are incorporated within
oligomers or at their 3' termini, but rarely at their 5' termini.

The activated nucleotide 2-MelmpG
(I) undergoes a template-directed con-
densation on poly(C) to give predomi-
nantly 3’,5'-linked oligo(G)’s in excellent
yield (2, 3). Synthesis proceeds in the 5’
to 3’ direction. The mean chain length of
the product can be as high as 15, and
oligomers with chain length substantially
in excess of 30 can be detected. The
fidelity of the reaction is high—U, C, and
A are discriminated against by factors of
100 to 500, depending on the conditions
of the reaction. In collaboration with
Frazier and Miles (4), we showed that
this reaction occurs in a Watson-Crick
double helix and yields double-stranded
poly(C) - oligo(G) melting above 100°C
as the initial product.

The corresponding reactions involving
other monomer-homopolymer double
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helices cannot be carried out for various
reasons. Poly(U) forms triple helices
rather than double helices with mono-
meric adenosine derivatives, while
poly(G) forms a very stable self-struc-

q
(/\ N=POCH |
N=, o

CHa
HO OH

(N=U,C,AorG)

ture that prevents G-C interaction (5).
Poly(A) does not interact with U deriva-
tives strongly enough to overcome the
poor U-U stacking and so does not form
helical complexes poly(A) -+ U of any
kind (5). It is possible to circumvent
these difficulties by using copolymers of
C with one or more additional bases as

templates. A poly(CU) template cannot
form triple-stranded segments if C is
present in sufficient amount. Similarly,
poly(CG) copolymers cannot form long-
interchain G-C self-structure, although
they may contain short-intrachain self-
structure based on C - G pairing if the G
content is high enough. Finally, po-
ly(CA) does interact with U derivatives,
since U can stack next to G’s even
though it will not stack between other
U’s. In this report we present our find-
ings on the efficiency and fidelity of
incorporation of complementary bases
on random copolymer templates contain-
ing C as a major constituent.

All reactions were carried out at 0°C
and pH 8 and were analyzed after 7 days
and again after 21 days (6). The reaction
mixtures contained 1.2M NaCl, 0.22M
MgCl,, 0.4M 2,6-lutidine - HCl buffer,
0.05M 2-MelmpU, 0.05M 2-MelmpC,
0.05M 2-MelmpA, 0.05M 2-MelmpG,
and an amount of template equivalent to
a 0.01M solution of total mononucleo-
tides. Tubes were prepared in sets of
four, and a different '“C-labeled sub-
strate (0.25 wCi) was added to each of
them; for example, !“C-labeled 2-
MelmpG was added to the first tube of
each set. The final volume in each tube
was 20 ul.

We determined the percentage of total
radioactive material incorporated into
longer oligomers by carrying out paper
chromatography in a mixture of n-pro-
panol, ammonia, and water (55:10:35)
and measuring, with a scintillation
counter, the radioactivity remaining at
the origin of the paper (6) (Table 1). The
yield expected for a completely efficient
incorporation of a nucleotide N is 0.2 p,
where p is the molecular proportion of N
in the template; for example, 5 percent
incorporation of U on a poly(C;A) tem-
plate. We have also calculated the effi-
ciency with which a nucleotide in the
template directs the incorporation of its
complement into oligomeric products
long enough to remain at the origin of our
chromatograms. These derived data are
also included in Table 1.

To determine the way in which a nu-
cleotide is distributed between 5'-termi-
nal, internal, and 3’-terminal positions,
we degraded selected oligomeric prod-
ucts with alkali and analyzed them by
electrophoresis (6). The results of this
analysis are presented in Table 2, togeth-
er with estimates of the mean chain
lengths derived from them.

In our chromatographic system, oligo-
mers four or more units long and rich in
G. and other oligomers more than five
units long, remain very close to the ori-
gin of the chromatograms. The first row
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