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While most carriers of human T-cell leukemia virus type 1 (HTLV-1) remain asymptomatic throughout
their lifetime, infection is associated with the development of adult T-cell leukemia (ATL) and HTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/TSP). The exact parameters that determine
these outcomes are unknown but are believed to include host genetic factors that control the immune
response to infection. Host response to fellow retroviridae member HIV is influenced by the expression
of members of the Killer Immunoglobulin Receptor (KIR) family including KIR3DS1. In this study we
examined the association of KIR3DS1 with the outcome of HTLV-1 infection in three geographically dis-
tinct cohorts (Jamaican, Japanese and Brazilian). Despite increased prevalence of KIR3DS1 in the HAM/
TSP patients of the Jamaican cohort, we found no evidence for a role of KIR3DS1 in influencing control
of proviral load or disease outcome. This suggests that unlike HIV, KIR3DS1-mediated regulation of

HTLV-1 infection does not occur, or is ineffective.
American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

1. Introduction

Human T-cell leukemia virus type 1 (HTLV-1) is a human retro-
virus, first discovered in the 1980s, that is believed to currently
infect between 10 and 20 million people worldwide [1,2]. HTLV-
1 is endemic in many areas of the globe, including Southwestern
Japan, Africa, the Caribbean and Central and South America, partic-
ularly Brazil [3]. While most infected individuals remain asymp-
tomatic (AS), between 1% and 5% globally develop an aggressive
malignancy, adult T-cell leukemia (ATL), and a similar fraction de-
velop the chronic neurological condition HAM/TSP (HTLV-1-associ-
ated myelopathy/tropical spastic paraparesis) [4].

HTLV-1 is found predominately as a cell associated virus, with
little or no detectable cell-free virions in the plasma of infected
individuals. The factors that control the various outcomes of
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HTLV-1 infection (AS, ATL, or HAM/TSP) are largely unknown, but
variation in the virus sequence is not believed to play a dominant
role. Mother to child transmission of the virus appears to be a risk
factor for the development of ATL, whereas sexual transmission is
more likely to give rise to HAM/TSP [4]. Although the sequence of
viral isolates are remarkably consistent across populations [6],
there are intriguing differences in the geographical distribution
of disease outcomes, for example, ATL is much more common than
HAM/TSP in Southwestern Japan [3]. These data suggest that in
addition to route of transmission, host genetic factors, controlling
perhaps the host immune response, may be critical in determining
the final outcome of HTLV-1 infection and therefore development
of associated conditions. Indeed, high proviral load is associated
with the development of HAM/TSP - where the amount of provirus
can be up to five times the levels seen in asymptomatic carriers [7].
Proviral load in turn is controlled by the host immune response
with a dominant role for an effective cytotoxic T lymphocyte
(CTL) response [8]. Consistent with the role of CTL in determining
outcome, in Japanese cohorts both HLA-A*02 and HLA-C*08 are
protective against the development of HAM/TSP, while the pres-
ence of HLA-B*54 is associated with higher levels of HAM/TSP. This
is reportedly due to the elimination of infected cells displaying
immunogenic HLA-A2 or -C*08 restricted HTLV-1 epitopes
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resulting in reduced proviral loads [9]. Recently, MacNamara et al.
have shown that the ability of HLA to present peptides derived
from the viral protein HBZ to CD8" T cells are most protective in
HTLV-1 infection [10].

In addition to their role in presenting peptides to CTLs, HLA also
acts as a ligand for members of the KIR family. The KIRs (Killer
Immunoglobulin-like Receptors) are a family of receptors ex-
pressed primarily on Natural Killer (NK) cells, which includes both
inhibitory and activating members [11]. The genes encoding these
receptors are very diverse — with variation among people in the
presence or absence of individual genes as well as a high degree
of allelic polymorphism of individual genes [12]. A member of this
family, KIR3DS1, has been implicated in the response to HIV. Ge-
netic association studies have suggested that HIV-infected individ-
uals who express both KIR3DS1 and HLABw4 (in particular Bw4
molecules with isoleucine at position 80, HLABw4-80I) have lower
viral loads and progress more slowly towards AIDS [13]. There is
also evidence that the KIR3DS1 expressing population of NK cells
expands during acute HIV infection, and is capable of controlling
viral replication in vitro [14,15]. Interestingly, this putative interac-
tion between KIR3DS1 and HLABw4-801 molecules has proved
impossible to directly detect thus far, even using assays successful
with other activating KIR [16,17]. Moreover, while it has been sug-
gested that presentation of an HIV-specific peptide by a HLABw4
molecule may be the critical factor in facilitating activation of
KIR3DS1, repeated attempts to identify this peptide have failed
[18]. An alternative hypothesis is that the activation of KIR3DS1*
NK cells may not be dependent on a HIV-specific signal but rather
occur as a direct or indirect consequence of retroviral infection. If
this is the case, it might be predicted that KIR3DS1 would play a
role in the response to other retroviral infections such as HTLV-1.
The ability of KIR3DS1 to suppress viral load in HIV infections sug-
gests that, if it participates in anti-HTLV-1 responses, those pa-
tients that express this receptor may show lower viral loads and
protection from the development of HAM/TSP. To address this pos-
sibility we initially assessed the role of carriage of KIR3DS1 on dis-
ease outcome in a Jamaican cohort of HTLV-1 patients. We then
extended this analysis and compared the frequency of KIR3DS1,
and its putative ligand HLABw4-80I, between HAM/TSP and
asymptomatic carriers in two additional larger cohorts of HTLV-1
patients.

2. Methods
2.1. Study subjects

Jamaican cohort: This cohort consists of 56 asymptomatic carri-
ers (AS), 34 adult T-cell leukemia (ATL) and 21 HAM/TSP patients,
identified through nationwide disease registries and referrals to
the university clinic in Jamaica, or from participants in a nation-
wide serosurvey [19]. None of the samples are from biologically re-
lated individuals. Informed consent was obtained from all
participants. Study protocols followed the human experimentation
guidelines of the US Department of Health and Human Services
and Institutional Review Board approvals at the National Cancer
Institute and University of the West Indies.

Brazilian cohort: This cohort consists of 145 asymptomatic carri-
ers (AS), and 71 HAM/TSP patients. All Brazilian patients included
in this study were followed at the Bahia School of Medicine and
Public Health HTLV reference center in Salvador, located in north-
eastern Brazil, where HTLV-1 is prevalent [20,21]. Informed con-
sent was obtained from all participants. HAM/TSP diagnosis was
made according established criteria [22]. Study protocols followed
the human experimentation guidelines of the US Department of
Health and Human Services and Institutional Review Board

approvals at the National Cancer Institute and by both Institutional
Review Board of the Oswaldo Cruz Foundation, and National Com-
mission on Ethics in Research (CONEP record: 15271), Brazilian
Ministry of Health.

Japanese cohort: This cohort (n = 402) consists of individuals re-
cruited in Kagoshima Japan and has previously been described
[23]. All individuals were of Japanese ethnic origin and resided in
Kagoshima Prefecture, Japan. The cohort had 222 HAM/TSP pa-
tients and 180 asymptomatic carriers. HAM/TSP diagnosis was
made according to World Health Organization criteria [24].

2.2. KIR and HLA genotyping

HLA and KIR3DS1 genotyping was carried out as previously de-
scribed [23,25,26].

2.3. Proviral load measurement

The proviral load (PVL) of the Brazilian cohort was measured as
described [27]. In brief, SK110/SK111 primers were used to amplify
a fragment of the pol gene and dual TagMan probe was located at
within the HTLV-1 reference sequence (HTLVATK). Albumin DNA
was used as an endogenous reference. The value of HTLV-1 proviral
load was reported as the [(HTLV-1 average copy number)/(albumin
average copy number)] x 2 x 10° and expressed as the number of
HTLV-1 copies per 10° cells in PBMCs. The PVL of the Japanese co-
hort was measured as described [7]. In brief, a quantitative PCR
reaction was performed by using an ABI 7700 sequence detector.
A standard curve was generated by using the B-actin gene from
HTLV-1 negative PBMC and the Tax gene from TARL-2, a cell line
containing a single copy of HTLV-I proviral DNA. The amount of
HTLV-I proviral DNA was calculated as follows: copy number of
HTLV-I (tax) per 104 PBMC = [copy number of tax/(copy number
of B-actin/2)] x 10%.

2.4. Statistical analysis

We used logistic regression to investigate the impact of
KIR3DS1 with or without HLA-HLABw4-801 on status with age
and gender included in the model as covariates. We used linear
regression to investigate the impact of KIR3DS1 on log proviral
load, with age and gender included in the model as covariates. Sta-
tistical analysis was done using SAS or R statistical software
package.

2.5. In vitro assays

MT-2, K562, UC-7296, and its transfectants were maintained in
RPMI 1640 supplemented with 10% FCS. UC-7296 cell line transfec-
tants were a kind gift from Dr. Patrick Green, Ohio State University.
Natural Killer cells were isolated from human peripheral blood
using StemSep® Human NK Cell Enrichment Kit according to manu-
facturer’s instructions. Purified NK cells were plated at 1 x 106 cell/
ml and stimulated with cell lines at a stimulator:responder ratio of
1:5. Anti-CD107a Ab was added at time of stimulation and 10 pM
monensin was added 1 h later. Cells were incubated at 37 °C for
an additional 5 h and then stained with anti-3DL1/S1 (clone Z27),
and anti-CD56. KIR3DL1* cells were identified as Z27" cells,
KIR3DS1* cells were identified as Z27'° cells as described [16].

3. Results

To examine a possible role for KIR3DS1 in the outcome of HTLV-
1 infection, we assessed the presence of this gene in cohorts of
HTLV-1 infected patients (see Table 1). In a well-characterized
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Jamaican cohort [19], we examined 56 asymptomatic carriers (AS),
34 with ATL and 21 with HAM/TSP. In this limited cohort, we de-
tected an apparent increased frequency of KIR3DS1 in patients
with HAM/TSP (23.8% versus 3.6% for asymptomatic carriers and
8.8% for ATL patients; Table 2).

In light of the suggestion from the Jamaican cohort that
KIR3DS1 may predispose HTLV-1 infected patients to the develop-
ment of the neurological condition HAM/TSP, we extended our
analysis to a larger cohort of patients. To this end, we examined
two additional cohorts. The first, from Brazil consisted of 177 AS
and 102 HAM/TSP, where we did not detect any increased fre-
quency of KIR3DS1 in those who developed HAM/TSP. In this co-
hort the frequency of KIR3DS1 was 27.3% in asymptomatic
carriers compared with 30.3% in the HAM/TSP group (p = 0.59,
Table 3).

The ligand for KIR3DS1 is believed to be the subgroup of HLA
molecules that carry the Bw4 public epitope, specifically those
with isoleucine at position 80 (HLABw4-80I). Due to the prominent
role of HLA in the immune response and the known influence of
HLA polymorphism on the outcome of a variety of diseases, we also
examined the HLA genotypes of these patients. Carriage of Bw4-
801, either alone or in combination with KIR3DS1 did not show
any correlation with disease outcome. Of asymptomatic carriers,
59.3% expressed Bw4-801 compared with 68.8% of HAM/TSP
(p = 0.59), while joint KIR3DS1+Bw4 was found in 16.6% of asymp-
tomatic patients and 18.3% of HAM/TSP (p = 0.59, Table 3). This re-
sult suggests that, at least in this Brazilian cohort, KIR3DS1
expression, even in the presence of the best candidate for its ligand,
did not influence the development of HAM/TSP in HTLV-1 patients.

To confirm this finding, we examined an additional, ethnically
distinct cohort of HTLV-1 infected patients. This cohort from Kag-
oshima Japan consists of 180 asymptomatic and 222 HAM/TSP pa-
tients. We genotyped these patients for the presence of KIR3DS1
and used this data in combination with the previously reported
HLA information [23]. Similar to what we observed in the Brazilian
cohort, we could not detect any role for KIR3DS1 in the develop-
ment of HAM/TSP, with a KIR3DS1 frequency of 37.8% versus
36.5% (OR=1.19, p=0.5) in the asymptomatic carriers and the
HAM/TSP patients, respectively (Table 4). Expression of the pro-
posed KIR3DS1 ligand Bw4-80I, either alone or in combination
with KIR3DS1 was also not found to be higher in the HAM/TSP
group.

Development of HAM/TSP is likely to be a complex process,
dependent on a range of host, genetic and viral factors. The evi-
dence that indicates KIR3DS1 does not play a role in the develop-
ment of this condition does not preclude the possibility that
KIR3DS1 is involved in the immune response to HTLV-1. To exam-
ine more broadly the potential role of KIR3DS1 in the control of
this viral infection, we analyzed the effect of KIR3DS1 carriage on
the proviral load of patients, both asymptomatic carriers and
HAM/TSP, in the two larger cohorts. As shown in Table 5, we found
no evidence for an effect of KIR3DS1 in proviral load levels, on its
own or in the presence of its putative ligand, in either cohort.

Lastly, we examined the possibility that KIR3DS1 might recog-
nize a ligand on the surface of HTLV-1 infected cells, either a pep-
tide presented by HLA-Bw4, a complex involving HLABw4, or an
HLA-independent ligand. To do this, we used the well-character-
ized HTLV-1 positive MT-2 T cell line along with a panel of B cell

Table 1

Summary of population demographics.
Population n Age: mean [range] Gender: male, female Reference
Jamaican 11 - - [17]
Brazilian 216 54 [10-89] 68%, 32% -
Japanese 402 49 [15-80] 38%, 62% [22]

Table 2
KIR3DS1 frequency in Jamaican HTLV-1 cohort.

Group n 3DS1* (%)
AS 56 3.6
ATL 34 8.8
HAM/TSP 21 23.8

Table 3
Analysis of KIR3DS1 and HLA-Bw480I influence on disease outcome in Brazilian
HTLV-1 cohort.

AS HAM/TSP Odds ratio [95% CI] P value
n % n %
3Ds1 145 273 71 303 1.18[0.64-2.18] 0.59
Bw480I 145 593 71 688 1.19[0.63-2.23] 0.59
3DS1+Bw4801 145 16.6 71 183 1.13[0.60-2.15] 0.7

Table 4
Analysis of KIR3DS1 and HLA-Bw480I influence on disease outcome in a Japanese
HTLV-1 cohort.

AS HAM/TSP Odds ratio [95% CI] P value
n % n %
3DS1 180 378 222 365 1.19[0.71-2.01] 0.5
Bw4801 180 356 222 396 0.79[0.47-1.32] 0.37
3DS1+Bw480I 180 139 222 135 1.44[0.71-2.9] 03

Table 5
Analysis of KIR3DS1 and HLA-Bw4 influence on proviral load in HTLV-1 cohorts.
AS HAM/TSP
Slope P value Slope P value
Japanese
KIR3DS1 -0.25 0.09 —0.096 0.27
KIR3DS1 + Bw480I -0.3 0.1 -0.169 0.12
Brazilian
KIR3DS1 —0.08 0.72 0.13 0.49
KIR3DS1 + Bw480I —-0.08 0.74 0.07 0.80

(UC-7296) transfectants, expressing either HTLV-1 or HTLV-2
[28,29]. We first verified that both MT-2 and UC-7296 cell lines ex-
press HLA-Bw4 by staining with an anti-Bw4 antibody (data not
shown). We then used these cells as targets in an NK cell degran-
ulation assay. By co-staining the cells with anti-KIR antibodies,
we were able to identify cells expressing KIR3DS1 or KIR3DL1 or
neither. KIR3DL1 is very similar to KIR3DS1; however it readily
interacts with HLABw4 and delivers an inhibitory rather than an
activating signal. As expected, all NK cell populations showed in-
creased expression of the degranulation marker CD107a in re-
sponse to the HLA class I negative K562 cell line (Fig. 1).
Similarly, there was an increase in CD107a expression in the
KIR3DL1/S1 negative population in response to MT2 and UC-
7296 cell lines. The KIR3DL1 expressing subset did not up-regulate
CD107a due to the presence of HLABw4, a ligand for this inhibitory
receptor. Importantly, there was no further increase in CD107a
expression in the KIR3DS1 subset, either in comparison to KIR neg-
ative cells, or for the UC-7629 parental cell line in comparison to
the HTLV-1 or -2 transfectants. These data suggest that there is
no ligand for KIR3DS1 on these cells.

4. Discussion

The role of KIR3DS1 in retroviral infections remains an exciting
but elusive prospect. The genetic data that support a protective
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Fig. 1. KIR3DS1* NK cells are not preferentially activated by HTLV-1 expressing
cells. Freshly isolated NK cells were stimulated for 6 h with the indicated cell lines
at a ratio of 5:1. Cells were analyzed by flow cytometry and KIR3DS1 and KIR3DL1
positive NK cell populations were identified. Representative data are shown from
one of two independent experiments.

role for KIR3DS1 in HIV infection continues to accumulate and is
supported by studies of in vitro interaction of KIR3DS1" cells with
autologous HIV-infected targets and evidence of in vivo expansion
[13-15]. In light of the recent emergence of HIV, specific activation
of KIR3DS1 during HIV infection cannot have been the driving force
behind the evolution of this KIR. In contrast, HTLV-1 has been pres-
ent in the human population for a much longer period of time
[30,31]. It is tempting to speculate that KIR3DS1 may have arisen
to recognize changes induced upon infection with HTLV-1 (e.g. a
peptide associated with the virus, or the cellular response to the
infection), which now also results in recognition of HIV-infected
cells. This hypothesis predicts that KIR3DS1 would play a role in
modulating the immune response to HTLV-1. In this study we
examined the frequency of KIR3DS1 in HTLV-1 patients but did
not detect any consistent role for KIR3DS1 in determining the out-
come of the disease or in controlling viral load.

Our initial study focused on a cohort of Jamaican patients,
where we saw a low frequency of KIR3DS1 in the population. This
is likely to be a reflection of African admixture in this population,
as the frequency of KIR3DS1 is known to be low in those of African
descent [32]. In this cohort we saw an increased frequency of
KIR3DS1 in HAM/TSP patients. We next expanded our study to in-
clude two (larger) additional cohorts with Brazilian and Japanese
patients. In both of these populations the frequency of KIR3DS1
was higher, and in line with reported frequencies for these popula-
tions (www.allelefrequencies.net). The frequency of HLABw4-80I
was higher in the Brazilian cohort than in the Japanese, but did
not differ dramatically between disease groups. However in these
two cohorts, we found no association of KIR3DS1, either alone or
together with HLABw4-80I, with disease outcome. This is in agree-
ment with the study of Talledo et al. which found no difference in
the presence of the KIR3DS1 gene in HAM/TSP patients relative to
ACs in a cohort of HTLV-1 patients in Peru [33]. Our initial finding
in the Jamacian cohort may be a reflection of the small size of this
group or a reflection of bias in the selection of the AS group which
were identified from a nationwide serosurvey rather than disease
registries and clinics. In addition, the protective role of KIR3DS1
in HIV has been reported in Caucasian populations, and there
may be confounding population differences.

The lack of any detectable influence of KIR3DS1 on disease out-
come is potentially due to a number of reasons. We had predicted
that carriage of KIR3DS1 would lead to a reduction in viral load (as
seen in HIV), which would in turn protect against the development
of HAM/TSP. However, it is possible that KIR3DS1 plays a conflict-
ing role in HAM/TSP and, despite early control of viral load, may
actually contribute to disease progression and clinical manifesta-
tion by supporting the inflammatory conditions seen in the spinal

cord lesions [34]. This idea is challenged however by the proviral
load data, which suggest that KIR3DS1 is not effective in reducing
viral replication and/or expansion of HTLV-I infected clones.

By examining three different cohorts of HTLV-1 patients we
were able to exclude a prominent role for KIR3DS1 in controlling
viral load or influencing disease outcome. In contrast to HIV,
KIR3DS1 expressing NK cells do not appear to recognize or respond
to HTLV-1 infection. This suggests that there are unique conditions
present in HIV infection, not seen in HTLV-1, that control KIR3DS1
activation. Candidates are numerous and include expression of a
specific HIV peptide and the presence of free viral particles and
intermediates from viral replication such as RNA, known to acti-
vate NK cells, among others. As we continue to expand our under-
standing of KIR3DS1 function, and the types of pathogenic
conditions in which it is involved, we grow closer to understanding
its role and mechanism of action.
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