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To establish the phenotype of human T-cell leukemia virus type 1 (HTLV-1)-infected cells in peripheral
blood, the polymerase chain reaction was used to detect and quantitate viral DNA in subpopulations of
leukocytes obtained from patients with tropical spastic paraparesis and asymptomatic carriers. HTLV-1 could
not be detected in peripheral blood mononuclear cells thoroughly depleted of T lymphocytes (E- CD3-), nor
could it be detected in highly enriched populations of B lymphocytes (E- CD19+), monocytes (E- CD14+),
or natural killer cells (E- CD16+). T lymphocytes were strongly positive for HTLV-1, and fractionation of this
population revealed that 90 to 99% of the HTLV-1 DNA segregated with the CD4+ CD8- and CD45RO+
subsets. No difference between the cell type distribution of HTLV-1 in the asymptomatic carrier and the
subjects with tropical spastic paraparesis was evident. Southern hybridization of genomic DNA prepared from
the peripheral blood of HTLV-1 carriers indicated that up to 10% of circulating leukocytes may carry the
HTLV-1 provirus.

The retrovirus human T-cell leukemia virus type 1
(HTLV-1) is the causal agent of adult T-cell leukemia-
lymphoma (13, 39) and has more recently been shown to be
closely associated with the chronic neurodegenerative dis-
order tropical spastic paraparesis (TSP) (9), also known as
HTLV-1-associated myelopathy. A knowledge of which cell
types harbor the virus in infected individuals is clearly
important for understanding the natural history of infection
and may also provide clues to the pathogenesis of HTLV-1-
associated disease.
HTLV-1 is generally considered to be T-lymphocyte

tropic and to infect predominantly the helper T-cell subset
defined by surface antigen CD4. This assumption is based on
two observations. First, the leukemic cell in adult T-cell
leukemia-lymphoma, which almost always carries an
HTLV-1 provirus, is usually a CD4-positive (CD4+) T
lymphocyte (2, 12). Second, CD4+ is the predominant
phenotype of virus-carrying immortalized T-cell lines, which
can be obtained either upon cultivation of peripheral blood
mononuclear cells (PMBC) from HTLV-1 carriers (10, 27) or
by cocultivation of uninfected adult or cord blood mononu-
clear cells with lethally irradiated HTLV-1-producing cells
(22, 36). Such culture techniques have sometimes yielded
HTLV-1-infected B-lymphocyte lines (19, 35, 38) and CD8+
T-cell lines (30, 36), but it has not been established whether
these cells are targets for infection in vivo. Both cloned
T-cell lines and bulk T-cell populations expressing CD8 are
susceptible to experimental infection and immortalization by
HTLV-1 (6, 20), but attempts to infect B lymphocytes in
vitro have generally been unsuccessful (18, 30).
A number of nonlymphoid human cell types have been

productively infected with HTLV-1 in vitro. These include
primary endothelial (16) and glial (31) cells as well as several
nonlymphoid tumor lines (1, 3, 14). Studies with vesicular
stomatitis virus (HTLV) pseudotype viruses confirm a broad
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if not ubiquitous distribution of HTLV-1 receptor molecules
on diverse tumor cell lines from a wide range of mammalian
species (26). The potential of HTLV-1 to infect a range of
cell types led us to examine in closer detail the phenotype of
HTLV-1-carrying cells in the peripheral blood of infected
individuals. In this study, we used the polymerase chain
reaction (PCR) to detect and quantitate HTLV-1 DNA in
fractionated peripheral blood leukocytes obtained from
asymptomatic HTLV-1 carriers and patients with TSP. All
studies were performed on fresh, uncultured material to
avoid artifacts (such as secondary infection) that might arise
from mitogen stimulation and in vitro cultivation.

Heparinized venous blood was obtained from five TSP
patients (one on two occasions) and one healthy virus carrier
whose HTLV-1 antibody titer was comparable with that of
the TSP patients. Blood was mixed with 0.3 volumes of
Dextraven (Fisons) and left undisturbed for 30 min to allow
erythrocytes to settle. The supernatant was separated on a
Ficoll-Paque density gradient to yield a mononuclear cell-
enriched layer at the Ficoll-plasma interface and a polymor-
phonuclear granulocyte-enriched pellet. The granulocytes
were suspended in RPMI 1640 medium supplemented with
10% fetal calf serum after hypotonic lysis of residual eryth-
rocytes. Mononuclear cells from the interface were rosetted
with sheep erythrocytes to obtain E-rosette-positive (E+;
T-cell) and E-rosette-negative (E-; non-T-cell) populations
and suspended in RPMI 1640-10% fetal calf serum. E- cells
were further depleted of T cells and fractionated into phe-
notypic subsets, using a fluorescence-activated cell sorter
(Becton Dickenson FACSTAR PLUS) according to one of
the following procedures. (i) E- cells were labeled with Leu
lla-fluorescein isothiocyanate (FITC) and Leu 12-phyco-
erythrin (PE); CD19+ (B-lymphocyte) and CD16+ (natural
killer cell) populations were recovered. (ii) E- cells were
labeled with Leu 4-FITC and Leu M3-PE; CD3- CD14+
(monocyte) and CD3- CD14- (all other non-T-cell) popu-
lations were recovered. (iii) E- cells were labeled with Leu
4-FITC, and all CD3- (non-T) cells were collected. The E+
population was similarly divided into subsets by using flow
cytometry. CD4+ CD8- and CD8+ CD4- populations
were collected after labeling of cells with Leu 3a-FITC and
Leu 2a-PE. E+ cells were also indirectly labeled by using
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TABLE 1. Antigens and MAb used to define mononuclear
cell populations

Cell
Cell type surface MAb

antigen

T lymphocyte CD3 Leu 4
B lymphocyte CD19 Leu 12
Natural killer cell CD16 Leu lla
Monocyte CD14 Leu M3
MHC' class II-restricted T cell CD4 Leu 3a
MHC class I-restricted T cell CD8 Leu 2a
Memory T cell CD45RO UCHL1

a MHC, Major histocompatibility complex.

the anti-CD45RO monoclonal antibody (MAb) UCHL1, fol-
lowed by F(ab')2 rabbit antimouse immunoglobulin-FITC
(Dako); cells exhibiting highest and lowest fluorescence
intensities were recovered. The MAb used to define mono-
nuclear cell populations are shown in Table 1. All MAb were
purchased from Becton Dickinson with the exception of
UCHL1, which was a gift from P. Beverley (University
College, London).

Cell samples were prepared for PCR analysis by boiling
for 15 min in distilled water at 107 cells per ml. Lysates were
clarified by centrifugation for 5 min at 13,000 x g, and 10-,ul
samples representing 105 cells were subjected to PCR, using
primers to the pX region of the HTLV-1 genome. These
primers amplify a 235-bp section and have previously been
shown to detect fewer than 10 copies of HTLV-1 in a
reproducible manner (29). The PCR reaction conditions,
primers, probe, and hybridization protocol have been de-
scribed elsewhere (29). Briefly, samples were given 35 to 40
cycles of amplification (60°C for 0.1 min, 72°C for 0.5 min,
and 93°C for 0.1 min). One-fifth of the reaction mixture was
run on a 2.5% agarose gel, transferred to a Zetaprobe
membrane, and probed with a 32P-labeled oligonucleotide.
Titration ofHTLV-1 DNA in samples was achieved by serial
10-fold dilution of cell lysates before PCR analysis.
The results of PCR analysis performed on fractionated

leukocyte populations are summarized in Table 2 and Fig. 1.
Non-T-cell populations obtained by E rosetting alone con-
tained a significant proportion of T cells (1 to 5%, as
determined by flow cytometry) and were invariably positive
for HTLV-1 by PCR (not shown). In five of the six cases,
non-T-cell populations devoid of HTLV-1 sequences were
obtained after a further round of T-cell depletion, using a
flow cytometer as indicated above. Entire non-T-cell popu-

lations as well as individual B-cell, natural killer cell, and
monocyte preparations obtained in this manner were free of
detectable HTLV-1 DNA (Fig. 1; Table 2). HTLV-1 DNA
was detected in the flow cytometer-enriched non-T-cell
fraction from patient 5 at the highest sample concentration.
This result may be significant but equally may illustrate the
limitations of the cell separation procedures used.
The E+ fraction, comprising 85 to 95% CD3+ (T) cells

and 5 to 15% CD16+ (natural killer) cells, was clearly the
predominant virus-infected population in peripheral blood
(Fig. 1A). In four subjects, flow cytometry was used to
separate this population into CD4+ and CD8+ subsets and
also into cells positive and negative for CD45RO (also called
UCHL1), the 180-kDa isoform of CD45. Cells expressing the
CD45RO antigen have the functional characteristics of pre-
viously activated or memory T cells (34), whereas those that
do not and express instead the CD45RA (CD45R, 2H4)
isoform may represent naive or unstimulated cells (reviewed
in reference 32). Initial PCR analysis indicated that the viral
DNA was primarily associated with the CD4+ and
CD45RO+ subsets (Fig. 1B). Limiting-dilution PCR analysis
confirmed that these subsets contained between 10- and
100-fold more viral DNA than did the reciprocal CD8+ and
CD45RO- populations (Fig. 1B and C; Table 2). The 1 to
10% of viral DNA that was associated with the CD8+ and
CD45RO- populations may be partially attributable to re-
sidual CD4+ and CD45RO+ cells, respectively.
Polymorphonuclear granulocyte fractions were positive

for HTLV-1 in five of the six cases (Table 2). The PCR-
positive preparations did not contain T cells, as determined
by flow cytometry or cytochemical staining with Leu 4 using
the alkaline phosphatase-anti-alkaline phosphatase tech-
nique (24). A low level of contamination with infected T
lymphocytes is likely, however, since only a single Ficoll-
Paque centrifugation step was used to separate the mononu-
clear and polymorphonuclear populations.
The frequency of HTLV-1-infected cells in peripheral

blood can be estimated from the minimum number of cells
required to produce a positive PCR result (that is, which
contain 10 or fewer viral genomes [29]). The minimum
number of CD4+ and CD45RO+ cells was found to lie
between 10 and 100 (Table 2). These data indicate that
minimally 1% and possibly a much higher proportion of
circulating CD4+ and CD45RO+ lymphocytes were in-
fected, assuming that infected cells contain one or very few
proviruses (39).

Southern blot analysis of genomic DNA prepared from
whole peripheral blood of HTLV-1 carriers provided an

TABLE 2. PCR titration of HTLV-1 DNA in purified cell populations

Determination for given phenotypea
Patient

PMNG E_b E+ CD4+ CD8+ CD45RO+ CD45RO-

1 - +
2 10,000 - (i) 100
3c 1,000 - (i) 10
3a 1,000 - (ii) 100 10,000 100 1,000
4d 10,000 - (iii) 100 1,000 100 1,000
5 1,000 100,000 (iii) 100 1,000 100 1,000
6 10,000 - (iii) 100 10,000 100 10,000
a Number of cells in the greatest serial dilution to give a positive PCR result. ±, Sample was positive with use of 105 cells but was not titrated; negative

result with use of 105 cells. PMNG, Polymorphonuclear granulocytes.
b (i), (ii), and (iii) refer to cell separation protocols described in the text.
C Blood was obtained on two occasions.
d Healthy HTLV-1 carrier.
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FIG. 1. (A and B) PCR analysis of fractionated
from patients 2, 3, 3a, and 6, using 105 cell equivaler
(C) Limiting-dilution PCR analysis of T-cell subsets
The number of cell equivalents per reaction is indica
lane.

independent means of measuring virus load. Figure 2A
shows a Southern blot in which peripheral blood DNA from
asymptomatic carriers and TSP patients was digested with
PstI and probed with an HTLV-1-containing plasmid, pMT-2
(Fig. 2B). HTLV-1 DNA was detectable in DNA from 9 of 10
TSP patients and 4 of 6 asymptomatic carriers. From a series
of plasmid copy number controls (Fig. 2A, lanes a to f), it
could be deduced that the provirus load in the nine positive
TSP patients (lanes m to v) ranged from 0.03 to 0.3 per cell
and was typically 0.1 per cell. This finding suggests that in
most carriers with TSP, about 10% of leukocytes are in-
fected. A lower provirus load was found in the asymptomatic

35bp group (lanes g to 1). PstI digestion of the genomic DNA
samples yielded the expected three internal restriction frag-
ments of HTLV-1, but chromosomal junction fragments
were not evident, indicating lack of clonality in the infected-
cell population. The estimated 10% frequency of infected
leukocytes in TSP patients is consistent with the proportion
of PBMC that are found to express HTLV-1 antigen after
short-term culture in vitro (5).
Although the number of HTLV-1 carriers investigated

here is small, a consistent pattern of virus distribution in
different leukocyte populations was found. In all subjects,
the virus was predominantly associated with CD4+ lympho-
cytes and in addition was restricted to T cells expressing the
CD45RO antigen. CD45RO is present on about 70% of
peripheral CD4+ T cells and defines a subset of these cells
containing a high proportion of the recall antigen-reactive
cells which are thought to represent memory cells (34).

4 235bp Interestingly, this T-cell subset is reported to be overrepre-
sented in Japanese patients with HAM (17, 25).
The basis of the target cell restriction exhibited by

HTLV-1 has not yet been established. Receptor distribution
is the key determinant of cell tropism for some retroviruses,
including human immunodeficiency virus (21). A vesicular
stomatitis virus (HTLV) pseudotype virus assay has shown
that receptors for HTLV-1 are widely distributed on tumor
cell lines (26), but studies of primary cells are few (18). One
analysis of PBMC suggested that viral receptors were less
abundant on non-T cells than on T cells (18), and this factor
may contribute to the lack of infection of non-T cells in vivo.
Target cell restriction can operate at a number of levels other
than the receptor, however, and further studies are needed

235 bp to establish the molecular basis of the cellular tropism
displayed by HTLV-1 in vivo.
The finding that blood monocytes are not infected in our

group of TSP patients is notable in view of the similar
pathologies (4) of TSP and visna, a chronic neurological
disease of sheep that is associated with infection by a
monocyte-tropic retrovirus (8). Another retrovirus that
causes neurological disease in humans, human immunodefi-
ciency virus type 1, has also been postulated to gain access
to the central nervous system in cells of the monocyte-
macrophage lineage (15). Data presented here suggest that
the same route does not operate in HTLV-1 infection.
The predominant association of HTLV-1 with the

35 bp CD45RO+ subset of T cells thought to represent previously
activated or memory cells (32, 34) is consistent with the
recognized role of cell activation in retrovirus infection. In

cell populations vitro studies have shown that resting cells are not permissive
its per reaction. for productive infection by human or animal retroviruses
from patient 3a. (37, 40), apparently because of a block at the level of proviral
ated above each DNA synthesis or integration that can be overcome if the

cells are stimulated after exposure to the virus. A plausible
explanation for our CD45RO data is that T lymphocytes can
be infected by HTLV-1 regardless of their state of matura-
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FIG. 2. (A) Southern blot analysis of DNA from HTLV-1 carriers. A 10-,ug sample of DNA was digested with Pstl and probed with
plasmid pMT-2. Lanes: a to f, 18, 6, 0.6, 0.18, and 0.06 pg of pMT-2 digested with PstI (equivalent to 3, 1, 0.3, 0.1, 0.03, and 0.01 copies per
diploid genome); g to 1, asymptomatic HTLV-1 carrier DNA; m to v, TSP patient DNA. (B) Diagram of pMT-2 indicating positions of viral
genes (inner band) and PstI fragments (outer band). PstI fragment lengths are 0.95 (A), 1.64 (B), 1.28 (C), 2.42 (D), and 5.0 (E) kb. Filled box
represents cloning vector pSP65.

tion, but unless the cells are subsequently activated (thereby
becoming positive for CD45RO), the infection will be abor-
tive. Activation of the cell after exposure to HTLV-1 may be
not only a prerequisite for successful infection but also a
consequence of it. HTLV-1 is known to induce the expres-
sion of interleukin-2 and interleukin-2 receptor genes in
infected T cells (23), thereby providing one possible mech-
anism of cellular activation. A second is suggested by
reports that heat-inactivated HTLV-1 virions themselves
have mitogenic properties in some circumstances (7).
A striking aspect of HTLV-1 infection to emerge from this

work, also reported by Gessain and colleagues (11), is the
high provirus load in peripheral blood. Southern blot analy-
sis of genomic DNA prepared from whole peripheral blood
suggested that approximately 10% of all leukocytes carry an
HTLV-1 provirus in subjects with TSP, assuming that in-
fected cells contain a single provirus (39). The proportion of
infected leukocytes appeared to be slightly lower in asymp-
tomatic carriers but ranged from less than 3% up to 10%. As
we have shown that HTLV-1 is largely confined to CD4+ T
cells, which constitute at most 30% of leukocytes in whole
peripheral blood, the frequency of infected CD4+ T cells in
TSP patients and some healthy carriers may be as high as
one in three. Independent corroboration of both the high
frequency and CD4+ phenotype of infected lymphocytes in
HTLV-1 carriers has been obtained by the analysis of

randomly generated T-cell clones from patients with TSP
(K. W. Wucherpfennig, J. H. Richardson, and D. A. Hafler,
unpublished observations). The high provirus load in TSP
patients is in marked contrast to the situation in human
immunodeficiency virus-infected individuals, in whom a
much smaller proportion (0.01 to 1%) of PBMC harbor the
virus (28, 33), and emphasizes the lack of cytopathic effect
associated with HTLV-1 infection. This high virus burden
may account for the very potent humoral immune response
to HTLV-1 found in TSP patients (5).

This study shows that CD4+ T lymphocytes are the
predominant leukocytes to be infected by HTLV-1 in vivo.
In view of the ease with which purified CD8+ T lymphocytes
can be infected in vitro, (6, 20), the basis of the preferential
infection of CD4+ cells both in vivo and in vitro remains to
be elucidated. Data presented here further suggest a critical
role for lymphocyte activation in the establishment of infec-
tion in vivo.
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