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Figure 1. Hypothesis on immunological risk factors for ATL in the natural course of HTLV-I infection. Vertically infected HTLV-I carriers harbor various risks
of ATL (i.e, insufficient HTLV-I-specific T-cell response and expansion of infected cells). Sooner or later, HTLV-I-specific T-cell responses spontaneously occur in
most of these carriers and the risk of ATL decreases. However, a small population remains in the high-risk group. Under insufficient T-cell immunity, HTLV-1-
infected cells accumulate additional mutations towards ATL. HTLV-1 carriers infected through other routes have a lower risk of ATL.

ATL: Adult T-cell leukemia; HAM/TSP: HTLV-1-associated myelopathy/tropical spastic paraparesis; HTLV-1: Human T-cell leukemia virus Type I.

HAM/TSP patients (55,56]. Nevertheless, a small population
of adult HTLV-I-infected individuals still exhibit insufficient
T-cell responses to HTLV-I despite an abundant viral load,
implying that these populations might be the true high-risk
group for ATL, to whom prophylactic vaccines targeting Tax
can be beneficial.

Graft-versus-leukemia response in ATL patients following HSCT
The rat models previously described mimic the process
between HTLV-I infection and the early steps of leukemo-
genesis. However, there is not a suitable animal model of full-
blown ATL. To investigate antitumor immunity in ATL, the
T-cell responses in ATL patients who obtained complete
remission following nonmyeloablative allogeneic peripheral
blood HSCT from HLA-identical sibling donors was analyzed
i57). These patients are presumed to have raised GVH and
graft-versus-leukemia (GVL) responses. Minor histocompati-
bility antigens have been referred to as the target of GVH
response in HSCT (s58). Tumor-specific antigens are also possi-
ble targets of the GVL response. To detect GVH or GVL
response in vitro, a phytohemaglutinin-stimulated interleukin
(IL)-2-dependent T-cell line (ILT) derived from the same
ATL patient before HSCT was first established. ILT cells
expressed the antigens originating from the recipient, which
may act as the target of GVH response. These cells were also
spontaneously infected with HTLV-1 and expressed viral

antigens. When the PBMCs from the same patient after
HSCT were stimulated in culture with formalin-treated ILT
cells in vitro, CD8* T-cells proliferated vigorously. These cells
were CTLs capable of killing autologous ILT cells. Further
analysis revealed that most of these CTLs predominantly rec-
ognized a single epitope, Tax11-19, restricted by HLA-A2
®GURE2). The culture also contained a minor population
probably related to the GVH response.

Oligoclonal expansion of Tax 11-19-specific CTLs was previ-
ously reported in HLA-A2" HAM/TSP patients (591 and also
some asymptomatic HTLV-I carriers [60}. This was explained by
a highly activated host CTL response against an abundance of
HTLV-I antigens in these individuals. Therefore, similar Tax-
specific CTL expansion observed in the post-HSCT ATL
patient implies the presence of Tax antigen presentation and
reactive T-cell response in this patient. Significant reduction in
the proviral load occurs following HSCT, which might be
partly due to such a strong anti-Tax CTL response.

Thus, a strong graft-versus-HTLV-I response occutred in the
post-HSCT ATL patients. Similar reactivation of Tax-specific
CTLs was also observed in other post-HSCT ATL patients who
obtained complete remission, supporting the notion that these
CTLs, as well as the GVH effectors, might participate in the
maintenance of remission from ATL. Contribution of the graft-
versus-HTLV-I response to GVL effects remains to be clarified
by increasing the number of subjects.
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Relationship between ATL & HAM/TSP

In the study of post-HSCT immunity, only post-HSCT but
not pre-HSCT PBMC:s from the ATL patient showed prolifer-
ation of HTLV-I Tax-specific CTLs {571. Since the post-HSCT
PBMCs were derived from the HLA-identical donor, it is
clear that the insufficiency of HTLV-I-specific CTLs in the
pre-HSCT ATL patient was not related to HLA.

Immunothetapy for aduli T-cell leukemia

the results of animal models it is concluded that insufficiency of
the T-cell response to HTLV-I Tax is a crucial risk factor of ATL
development. For prophylactic approaches, a wide survey among
HTLV-I carriers is required to identify the high-risk group of
ATL patients, which is characterized by low HTLV-I-specific
T-cell response and high proviral load. Tax-targeted vaccines to
the high-risk group might be beneficial in reducing risk.

The new balance between host immu-

nity and HTLV-], established in the post- [
HSCT ATL patients, is very similar to
that in HAM/TSP patients. In this sense,
allogeneic HSCT converted HTLV-I-spe-
cific T-cell immunity in the recipient from
one extreme to the other. Here, one con-
cern arises that extreme conversion of
CTL response might induce an immuno-
pathogenic reaction in individuals who

have a risk of HAM/TSP.

ATL cell
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origin
blood cell
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It is still unclear what determines the
risk of HAM/TSE. Coexistence of Tax
messenger RNA and activated HTLV-I-
specific T-cell response in the CNS
strongly indicates the involvement of
immunopathological mechanisms (61,62
In addition, host genetic factors must also
be involved [63]. Therefore, the post-
HSCT patients should be carefully fol-
lowed up for a long period. To date, post-
HSCT ATL patients in remission have

shown reduction in the viral load and no
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patients indicates that some process of
leukemogenesis might also be going on in
these patients [9]. Nevertheless, ATL and
HAM/TSP occur independently, suggest-
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ing that activated host HTLV-I-specific
T-cell immunity in HAM/TSP patients still
appeats to make contributions to tumor
surveillance. In this respect, administration
of immunosuppressive  reagents  to
HAM/TSP patients might increase the risk
of ATL development.
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Figure 2. Analysis of T-cell immunity of ATL patients following HSCT. Top panel indicates clinical
course of an ATL patient who received HSCT from an HLA-identical sibling and obtained complete
remission. The pre-HSCT cell line {ILT) spontaneously infected with HTLV-I was established first, then
PBMCs from this ATL patient after HSCT were cocultured with formalin-treated ILT cells. Fluorescence-
activated cell sorter analysis using tetramer (jower panel) indicated that HLA-A2-restricted Tax11-19-
specific CD8* cytotoxic T-lymphocytes capable of killing ILT cells predominantly proliferated in several

ATL: Aduit T-cell leukemia; HLA: Human leukocyte antigen; HSCT: Hematopoietic stem cell transplantation;
IL: Interleukin; ILT: IL-2-dependent T-cell line; PBMC: Peripheral blood mononuclear cells.
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Therapeutic effects of Tax-targeted immunotherapy against
full-blown ATL are still controversial. If HTLV-I-specific
immunity following HSCT has any contribution to GVL
effects in ATL, immunotherapy to reactivate Tax-specific CTLs
may be worth attempting in post-HSCT patients with poor
response, or even in ATL patients without HSCT, although its
indication should be limited to cases in which ATL cells retain

the ability to express HTLV-I Tax,

Five-yecar view

There are two issues remaining to be clarified which might affect
the efficacy of immunotherapy against ATL: one is the nature of
insufficient HTLV-I-specific CTL response in ATL patients and
the other is the status of HTLV-I expression in ATL cells.

T-cell unresponsiveness to HTLV-I observed in orally
infected rats suggests that primary oral infection in human
babies is one of the causes, but probably not the only cause, of
immune insufficiency in ATL. Although subcutaneous reim-
munization of fixed syngeneic HTLV-I-infected cells was effec-
tive in breaking the immune tolerance in orally infected rats,
caution is needed when translating such a finding to human

cases. Involvement of other suppressive mechanisms and the
functions of antigen-presenting cells such as dendritic cells in
ATL cases should be clarified.

The scarcity of HTTV-1 expression in ATL cells has been rais-
ing controversy regarding the role of Tax in leukemogenesis and
the rationale of Tax-mediated immune therapy of ATL. In our
recent study, HTLV-I expression in ATL cells was irreversibly
suppressed in around half of the ATL cases, while it was revers-
ible in the other half pURIHARA K, UNPUBLISHED DATAL. The
reversible type of viral suppression commonly occurs in the
PBMCs from asymptomatic HTLV-I carriers or HAM/TSP
patients (18], where Tax-specific CTLs very likely contribute to
antitumor surveillance. In this regard, Tax-specific CTLs might
also potentially produce some antitumor effects in half the ATL
cases retaining the ability to express viral antigens. It remains to
be clarified where and when viral expression occurs in vivo.

The clinical efficacy of Tax-targeted immunotherapy in ATL
will be indirectly predicted by further studies on the relationship
between T-cell immunity and clinical outcome in post-HSCT
ATL patients. A small-scale clinical trial of immunotherapy in
ATL patients is also being planned.

m(ey issues

in vivo.

e Adult T-cell leukemia (ATL) cells are human T-cell leukemia virus Type I (HTLV-I)-infected T-cell clones that have survived and evolved

e ATl occurs in approximately 5% of HTLV-I-infected individuals and is associated with mother-to-child infection (mainly via
breastfeeding), the increase in infected cell number and insufficient HTLV-I-specific T-cell immunity.

e HTLV-ITax, a crucial protein for cell growth and resistance to apoptosis in infected cells, is a major target of HTLV-I-specific cytotoxic
T-tymphocytes (CTLs).
e HTLV-| Tax-specific CTLs contribute to controlling expansion of HTLV-I-infected cells at least in early HTLV-| feukemogenesis in vivo.

e Oral HTLV- infection causes T-cell unresponsiveness to HTLV-I, allowing expansion of HTLV-I-infected cells in rats, suggesting
that T-cell unresponsiveness to HTLV- is a primary risk factor of ATL

e T-cell unresponsiveness to HTLV-I by oral infection can be recovered by subcutaneous reimmunization with infected cells, suggesting
that the risk of ATL can be reduced by vaccination.

e Tax-specific CTL response was strongly activated in some ATL patients who obtained complete remission following hematopoietic

stem cell transplantation, supporting the notion that HTLV-I Tax might be one of the target antigens of graft-versus-leukemia

effects in these patients.

e Tax-targeted immunotherapy might be worth consideration in ATL cases in which ATL cells retain the ability to express Tax.
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Experimental vaccines targeting human T cell leukemia virus
type-I (HTLV-I) Tax have been demonstrated in a rat model of
HTLV-I-induced lymphomas. However, the scarcity of HTLV-I-
expression and the presence of defective HTLV-I-proviruses in
adult T cell leukemia (ATL) cells have raised controversy about
the therapeutic potential of HTLV-I-targeted immunotherapy in
hwmans. We investigated the expression of HTLV-I antigens in
fresh ATL cells by using both in vitro and in vivo assays. In flow
cytometric analysis, we found that 3 of 5 acute-type and six of
fifteen chronic-type ATL patients tested showed significant induc-
tion of HTLV-I Tax and Gag in their ATL cells in a 1-day culture.
Concomitantly with HTLV-I-expression, these ATL cells ex-
pressed co-stimulatory molecules such as CD80, CD86 and 0X40,
and showed elevated levels of antigenicity against allogeneic T cells
and HTLV-I Tax-specific cytotoxic T-lymphocytes (CTL). Repre-
sentative CTL epitopes restricted by HLLA-A2 or A24 were con-
served in 4 of 5 acute-type ATL patients tested. Furthermore,
spleen T cells from rats, which had been subcutaneously inocu-
lated with formalin-fixed uncultured ATL cells, exhibited a strong
interferon gamma-producing helper T cell responses specific for
HTLV-I Tax-expressing cells. Qur study indicated that ATL cells
from about half the patients tested readily express HTLV-I anti-
gens including Tax in vitro, and that ATL cells express sufficient
amounts of Tax or Tax-induced antigens to evoke specific T cell
responses in vivo.

© 2004 Wiley-Liss, Inc.

Key words: cancer vaccine; human T cell leukemia virus type-I
(HTLV-I); viral expression; co-stimulatory molecules; T cell immune
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Human T cell leukemia virus type-I (HTLV-I) is etiologically
linked to adult T cell leukemia (ATL).!-? It is estimated that about
1 million people are infected with HTLV-I in Japan and 1-5% of
infected subjects develop ATL.45 Most other HTLV-I-carriers are
asymptomatic throughout their lives and another small fraction of
HTLV-I-carriers develop a chronic progressive neurological dis-
order termed HTLV-I-associated myelopathy/tropical spastic para-
paresis (HAM/TSP)é7 and other inflammatory disorders. Once
patients develop acute-type ATL, leukemic cells resist anti-tumor
chemotherapy, and the median survival time is 6.2 months.® Al-
logeneic hematopoietic stem cell transplantation (HSCT) has been
applied recently in acute ATL patients and successful efficacy was
obtained in some cases.?'? These effects may be attributed to a
graft vs. leukemia reaction mediated by the donor-derived T cell
immunity. There is also, however, a risk of graft vs. host reaction
and its undesirable side effects are sometimes lethal. On this
account, further improvement or new approaches are required for
ATL treatment.

The precise mechanisms of HTLV-l-related diseases are not
fully understood. HTLV-I viral protein Tax transactivates and
interacts with many cellular proteins that regulate or dysregulate
cell growth,'! partly accounting for the mechanisms of HTLV-I-
induced leukemogenesis.

In a rat model of HTLV-I-infected T cell lymphomas, uncon-
trollable expansion of tumor cells was highly associated with a

ﬁ:\\ . Publication of the International Union Against Cancer »

global cancer control

functional defect or suppression of HTLV-I-specific T cell immu-
nity including cytotoxic T lymphocytes (CTL).!2!3 Vaccination
with autologous HTLV-I-infected cells,'? Tax-encoding DNA, 4
or oligopeptides corresponding to a CTL-epitope!s elicited anti-
tumor effects in this model. HTLV-I Tax serves as an immuno-
dominant target antigen for HTLV-I-specific CTL not only in rats
but also in humans.!%17 HTLV-I-specific CTL have been detected
in the peripheral blood of HTLV-I-infected individuals'® and can
be induced from healthy carriers and HAM/TSP.!6.19.20 HTLV-I-
specific CTL, however, is induced infrequently from ATL pa-
tients.2!-22 Moreover, Tax-specific CTL are capable of killing
short-term cultured ATL cells.?223 These observations indicated
that immunotherapy directed against Tax might be effective for
ATL.

It is controversial, however, whether HTLV-I-specific immuno-
therapy has any therapeutic advantages for ATL patients with
advanced disease because of the scarcity of HTLV-I-expression in
ATL cells. ATL cells sometimes contain mutations and deletions
in HTLV-I proviral genome,?*?5 and the ATL cells may not be
able to express Tax. It is also known that viral expression in freshly
isolated peripheral ATL cells is transiently suppressed.26-28

The reasons for insufficient HTLV-I-specific T cell response in
ATL patients are also unclear. We found recently that a strong
Tax-specific CTL response was induced in ATL patients after
HSCT from HLA-identical donors,?® indicating that the immune
insufficiency in these patients before transplantation was not HLA-
related. Pique et al.3¢ reported that HTLV-I-specific CTL do exist
in ATL patients but insufficiently expand. This suggests involve-
ment of some immune suppression or tolerance. Alternatively, the
levels of viral expression in ATL cells may be too low to evoke T
cell immunity in vivo.

Because these cells may be a vaccine candidate, we investi-
gated HTLV-I-expression of fresh ATL cells from 5 acute-type
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and 15 chronic-type ATL patients to determine whether ATL
cells themselves can be immunogenic and evoke HTLV-I-
specific T cell response. We demonstrated that in nearly 50% of
the ATL patients tested HTLV-I Tax was inducible after short-
term culture. Nucleotide sequences of HTLV-I tax at represen-
tative CTL epitopes in these ATL cells were mostly conserved.
Interestingly, rats inoculated with formalin-treated uncultured
ATL cells successfully developed helper T cell responses spe-
cific for Tax-expressing cells in vivo, indicating that ATL cells
may express a small but sufficient amount of HTLV-I antigens
for T cell response in vivo. Our findings suggest that ATL cases
may be divided into 2 groups depending on: the ability to
express HTLV-I antigens and in nearly 50% the cases of ATL
patients, ATL cells may potentially be recognized by HTLV-I-
specific T cells in vivo.

Material and methods
Patients and PBMC preparation

Heparinized peripheral blood samples were donated under in-
formed consent from 19 patients diagnosed as acute-type or chron-
ic-type ATL at Ryukyu University Hospital, Imamura Bun-in
Hospital in Kagoshima, and Nagasaki University Hospital and
from uninfected healthy volunteers. The clinical status of these
patients is summarized in Table I. The diagnosis and clinical
subtype of ATL were made according to Shimoyama’s criteria,®
The ATL patients did not receive any chemotherapy when tested.
Two samples from Patient 1 were used in our study. The first
sample (1-i) was taken at a chronic phase and the other (1-vi) was
taken at the acute crisis after an 18-month interval. Otherwise, one
sample per patient was used. PBMC were isolated by using Ficoll-
Paque (Amersham Pharmacia, Uppsala, Sweden) density centrif-
ugation and cryopreserved in liquid nitrogen until use.

Animals

Inbred female F344/N Jcl-rnu/+ rats (F344 n/+; 4-week-old)
were purchased from Clea Japan, Inc. (Tokyo, Japan). Rats were
treated under the experimental protocol of the Animal Care Com-
mittee of our university.

Cell lines

HTLV-I-negative human T cell line Molt-43! and HTLV-I-
producing human T cell line MT-232 were maintained in 10%
heat-inactivated FBS (Sigma, St. Louis, MO), 100 U/mL of pen-
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icillin, 100 pg/mL of streptomycin in RPMI [640 medium (Sigma)
(10% FBS-RPMI).

ILT-Hod,** an IL-2-dependent HTLV-I-infected human T cell
line was maintained in the presence of 10 U/mL of recombinant
human IL-2 (thIL-2; Shionogi Co., Osaka, Japan) in 10% FBS-
RPMLI. In addition, 2 other 1L-15-dependent HTLV-I-infected hu-
man T cell lines, ILT-79 and ILT-85, were established from ATL
Patients 79 and 85, respectively. To establish these lines, a CD4-
positive cell-enriched fraction negatively separated from PBMC
by using Dynabeads M-450 CD8 (Dynal, Oslo, Norway) and
Dynabeads M-450 CD19 (Dynal) was stimulated with | pg/mL of
phytohemagglutinin (PHA-p; Difco Laboratories, Detroit, MI) for
24 hr, washed and cultured in 10% FBS-RPMI containing 10 ng/
mL of rhIL-15 (Sigma) for 1-3 months.

HLA-A24-restricted HTLV-I Tax-specific CD8" CTL line was
induced from PHA-p-stimulated PBMC of a post-HSCT ATL
patient by repeated stimulation with formalin-fixed autologous
HTLV-I-infected cells established before the HSCT.?° The CTL
line was maintained in the presence of 100 U/mL of rhIL-2 with
periodical stimulation with formalin-fixed autologous HTLV-I-
infected cells at 10—14 day intervals.

HTLV-I-infected rat T cell line, FPM1,'? derived from an F344
n/-+ rat, were cultured in 10% FBS-RPMI. G144 is II.-2-depen-
dent HTLV-I negative CD8* T cell line established from a F344
n/+ rat. G14-Tax!* is a stable transfectant of G14 with HTLV-I
Tax-expressing plasmids. G14 and G14-Tax were maintained in
10% FBS-RPMI containing 5.5 X 107° M of 2-mercaptoethanol
and 10 U/mL of rhIL-2,

Monoclonal antibodies

To detect intracellular HTLV-1 antigens, mouse monoclonal
antibodies (mAbs), Lt-4 (anti-p40 Tax, mouse IgG3),>* NOR-1
(anti-p24 and p53 Gag; mouse IgG1),3> GIN-7 (anti-p19, p28 and
p53 Gag; mouse IgGG2b)35 and biotinylated GIN-7 were used.

For cell surface characterization, fluorescein isothiocyanate
(FITC)- or phycoerythrin (PE)-conjugated mouse anti-human
CD4, CD8, CD25, CD40, CD40L, CD86, 0X40, HLA-A, B, C,
HLA-DR (IgGl; BD Pharmingen Co., San Diego, CA), CD80
(IgGl; Immunotech, Marseille, France) and OX40L (TAG-34,
1gG1)3¢ mAbs were used. In addition, FITC-conjugated mouse
anti-rat CD4 and PE-conjugated mouse anti-rat CD8 mAbs (IgG1;
BD Pharmingen Co.) were used.

TABLE I- CLINICAL STATUS OF ATL PATIENTS TESTED

Patient D Age  Gender  Type of ATL WBC;‘I"““"E"/ MO“&‘ECCW(“OL )CC”S/ Abnonw}alcyr?%;ocyles/
#1-vi' 60 F Acute 42,000 63 49
#22 33 M Acute 16,100 50 35
#80 39 M Acute 141,000 >95 91
#85 77 M Acute 67,400 74 67
#91 66 F Acute 27,200 89 61
#14! 58 F Chronic 21,500 87 55
#5 72 M Chronic 12,200 64 25
#6 70 F Chronic 14,400 71 33
#7 62 F Chronic 8,300 69 34
#8 60 F Chronic 17,400 70 47
#20 64 M Chronic 14,700 48 28
#23 68 M Chronic 14,200 74 58
#29 58 M Chronic 6,000 59 21
#42 54 F Chronic 3,800 48 15
#54 63 F Chronic 10,700 73 43
- #69 54 F Chronic 13,300 68 36
#79 63 F Chronic 19,500 64 6
#89 50 F Chronic 28,000 41 27
#90 53 M Chronic 7,700 30 8
#92 66 F Chronic 16,500 33 76

'Pt. #1-i and Pt. #1-vi are the identical individual with an initial diagnosis of chronic ATL, whose
diagnosis changed to acute ATL associated with elevated levels of serum LDH after 18 months.
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Intracellular and surface staining and flow cytomertric analysis

For intracellular HTLV-I-staining, cells were fixed with 1%
paraformaldehyde in PBS containing 20 wg/mL of lysolecithin
(Sigma) for 2 min at room temperature. The cells were then
centrifuged and resuspended in cold methanol. After incubation for
15 min at 4°C, the cells were centrifuged and incubated in 0.1%
Triton-X in PBS for 5 min at 4°C. The cells were then washed with
PBS containing 1% FBS and 0.1% NaN, (staining buffer), and
incubated with mouse mAbs to HTLV-I antigens or BALB/c
control ascites, and subsequently with FITC-conjugated goat anti-
mouse I1gG + IgM mAbs (Immunotech) for 30 min at room
temperature. The optimal concentrations of these mAbs were de-
termined before use. Cells were washed twice, fixed with 1%
formalin in PBS and analyzed using a flow cytometer (FACS
Calibur, Becton Dickinson, San Jose, CA). Live cells were gated
based on a pattern of SSC and FSC for approximately 1 X
10* cells.

An alternative permeabilizing method using saponin was also
employed for intracellular staining. Briefly, cells were fixed with
4% formalin in PBS, then permeabilized with 0.5% saponin
(Sigma) in staining buffer for 10 min at room temperature. Per-
meabilized cells were further incubated with mAbs to HTLV-I
antigens as described above.

For surface staining, cells washed and stained with FITC- or
PE-conjugated mAbs and appropriate isotype control mAbs. Cells
were further stained with 7-ADD (BD Pharmingen Co.) and
stained cells were gated out on FACS analysis to eliminate dead
cells.

For two-color analysis of intracellular and cell surface antigens,
cells were stained with FITC-conjugated mouse anti-human mAbs
(CD80, CD86, 0X40), fixed and permeabilized by saponin treat-
ment. Permeabilized cells were further stained with biotinylated
GIN-7, and subsequently with Cy-chrome streptavidin (BD
Pharmingen Co.). After extensive washing, the cells were sub-
jected to two-color flow cytometry.

Long PCR and nucleotide sequences

Genomic DNA was prepared from PBMC by sodium dodecyl
sulfate-proteinase K digestion, followed by phenol-chloroform
extraction and subjected to long PCR (Expand Long Template
PCR system, Boehringer Mannheim, Mannheim, Germany) to
detect deletion of HTLV-I provirus. The primers of HTLV-I long
terminal repeat (LTR) were 5'-LTR (5'-GTTCCACCCCTT-
TCCCTTTCATTCACGACTGACTGC-3") and 3'-L TR (5'-GGC-
TCTAAGCCCCCGGGGGAT-3') as described before.?” Each
500 ng of genomic DNA was subjected to 10 cycles of denatur-
ation (94°C, 10 sec), annealing (65°C, 30 sec) and extension
(68°C, 8 min), and additional 20 cycles of denaturation (94°C,
10 sec), annealing (65°C, 30 sec) and extension (68°C, 8 min +
20 sec/eycle), then finalized by elongation of the product (68°C,
7 min). The PCR products were visualized by ethidium bromide
staining after 0.6% agarose gel electrophoresis. The expected size
of the amplified fragments with these LTR primers from a full-
length HTLV-I provirus was 7.7 kbp. Long PCR products were
partially sequenced on ABI PRISM 310 Genetic Analyzer
(Applied Biosystems, Foster City, Calif.) by using the Big Dye
terminatorand the primers pX4 (5'-GGGGAAGGAGGGGAGTCG-
AGGGATAAGGAA-3") or pX12 (5'-TTGCCCACCACCCTT-
TTCCAGC-3") in accordance with the manufacturer’s instruc-
tions. Amino acid sequences at CTL epitopes, Tax 11-19 and Tax
301-309 restricted by HLA-A2 and A24, respectively, were then
determined according to the nucleotide sequences.

Lymphocyte proliferation assay

For the mixed lymphocyte reaction (MLR), cryopreserved
PBMC (2 X 10°/well) from a healthy volunteer were co-cultured
with formalin-fixed ATL cells with or without preculture in vitro
(5 X 10%well) in 96-well U-bottom plates in triplicate at 37°C for
4 days. Cultures were pulsed with 37 kBq/well of [*H]-thymidine
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([*H]-TdR) for an additional 16 hr to assess cell proliferation. Cells
were harvested with a Micro 96 Harvester (Skatron, Lier, Norway)
and ["H]-TdR uptake into cells was measured in a microplate
counter (Micro Beta Plus; Wallac, Turku, Finland). Proliferation of
HTLV-I-specific CTL (1 X 10%/well) co-cultured with formalin-
fixed ATL cells (5 X 10%*well) for 2 days, and proliferation of rat
spleen T cells (1 X 10%well) co-cultured with formalin-fixed
various syngeneic rat cells (1 X 10°/well) for 3 days were also
similarly measured.

ELISA

Human and rat interferon-gamma (IFN-v) production in 100 pL
of culture supernatants was measured by Human IFN-y ELISA kit
(Endogen, Woburn, MA) and Rat IFN-y ELISA kit (BioSource
Inc., Camarillo, CA), respectively. Absorbances were measured at
450 nm using microplate reader (BioRad, Hercules, CA) and
analyzed with Microplate Manager III software.

Inoculation of ATL cells in rats

Ten million formalin-fixed PBMC from ATL patients or unin-
fected healthy volunteers, with or without pre-culture in virro,
were subcutaneously administered to 4-week-old female F344n/+
rats twice with a 2-week interval. The rats were sacrificed at
1 month after second immunization. Spleen T cells from these rats
were enriched through a nylon-wool column, and their IFN-y
production and proliferation against formalin-fixed syngeneic G14,
G14-Tax or FPM1 cells were examined by IFN-y ELISA and a
[*H]-TdR uptake assay, respectively, as described elsewhere.38

DNA-vaccination to rats

Plasmids containing wild-type tax cDNA controlled under the
human B-actin promoter (pfMT-2 Tax) and its control plasmid
pHBAPr.1-neo vector?® were coated on Au particles and inocu-
lated into rats by using Gene Gun as described previously.'4
Immunization was carried out 3.times with a 1-week interval. One
week after final immunization, rats were sacrificed and spleen cells
were collected.

Cytotoxicity assay

Spleen cells (5 X 10° cells) from immunized rats were used as
effector cells after 7 days of co-culture with formalin-fixed G14-
Tax (2 X 10° cells) in 24-well plate. Target cells (G14 or Gl4-
Tax) were incubated with 370 kBq of [*H]-TdR per 10° cells for
12 hours at 37°C, followed by extensive washing. These target
cells (1 X 10%/well) and effector cells (1 X 10°/well) were plated
in 96-well U-bottom plates at the effector/target ratio of 10. After
6 hr of incubation at 37°C, cells were harvested to glass filters and
radioactivities remaining in the target cells were measured in a
microplate B counter. The percentage of specific cell lysis was
calculated as (fcpm without effector — cpm with effector)/cpm
without effector) X 100.

Statistical analysis

Results are expressed as the mean = SD. Differences between
the 2 groups were analyzed for significance by Student’s r-test.
Differences among 3 groups were evaluated by Dunnett’s #-test
using SPSS Base 11.0J (SPSS Inc., Chicago, IL); p-values <0.05
were considered to be statistically significant.

Results
Detection of intracellular HTLV-I antigens in cell lines

Initially, to detect intracellular HTLV-I antigens by flow cytom-
etry, the conditions of cell permeabilization and staining methods
were determined using established cell lines. We used lysolecithin-
paraformaldehyde, methanol and Triton-X to fix and permeabilize
the cell membranes, and stained the cells with mAbs to HTLV-I
p40 Tax (Lt-4), p24 Gag (NOR-1), and p19 and 28 Gag (GIN-7).
The staining patterns under the optimal conditions are shown in
Figure 1. HTLV-I-producing human T cell line MT-2, but not
HTLV-I-negative Molt-4 cell line, was strongly stained with all of
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these mAbs (Fig. la,b). Under the same conditions, an IL-2-
dependent ILT-Hod cell line established previously from an ATL
patient, exhibited 2 peaks, consisting of a large population weakly
expressing HTLV-I antigens and a small population expressing
substantial levels of the HTLV-I antigens (Fig. 1¢). The levels of
intracellular HTLV-I antigens, especially p40 Tax, fluctuated and
were influenced by the culture conditions (data not shown). We

Counts
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160 10! 1 10! 10 i w0

Fluorescence intensity

Ficure 1 - Detection of intracellular HTLV-I antigens in cell lines.
Molt-4 (a), MT-2 (b), and ILT-Hod (c,d) cells were permeabilized with
Triton-X (a-c) or saponin (d) treatment (see Material and Methods),
stained with control ascites (closed histogram), anti-p40 Tax mAb (Lt-4,
solid lines), anti-p24 Gag mAb (NOR-1, thin lines) or anti-p19 and p28
Gag mAb (GIN-7, dashed lines) and subsequently with FITC-conjugated
anti-mouse IgG + IgM. The cells were fixed with 1% formalin-PBS and
analyzed using a flow cytometer.
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also used saponin to permeabilize the cell membranes and com-
pared the staining efficiency for detecting intracellular antigens
with the methods using Triton-X. As shown in Figure 1d, saponin-
treated TLT-Hod cells could also be stained with mAbs to HTLV-1
but the detection levels were significantly lower than those in
Triton-X-treated ILT-Hod cells. Thereafter, the permeabilization
method using Triton-X was used primarily.

Induction of HTLV-I antigens in PBMC from ATL patients

The clinical status of the ATL patients tested is summarized
in Table I. Expression of HTLV-I antigens in ATL cells from 5
acute and 15 chronic ATL patients who had not received
chemotherapy were investigated. Cryopreserved PBMC from
ATL patients were permeabilized, and stained with mAbs
against HTLV-I antigens, Lt-4, NOR-1 and GIN-7 immediately
(Day 0) or after in vitro 1-day cultivation. When viral expres-
sion was detected in 1 day, cells were kept in culture for 3—
9 days if available. Representative data of intracellular HTLV-
I-expression in the PBMC from an acute ATL patient (Patient
85) is shown in Figure 2. Although HTLV-I antigens were not
detectable in the PBMC of the ATL patients before culture, a
large number of live cells strongly expressed HTLV-I antigens
in a l-day incubation. The HTLV-I-positive cell number in-
creased with further incubation, whereas the live cell number
decreased (data not shown)., The intensity of p40 Tax in the
positive population nearly reached the maximal level in | day,
whereas the intensity of p24 or pl9 and p28 Gag antigens was
further enhanced in 3 days of incubation. Similar induction was
observed in the PBMC of 3 (Patients 22, 85, 91) of 5 acute-type
ATL patients tested, although the proportion of HTLV-I-
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F1cure 2 — Induction of HTLV-I antigens in PBMC of ATL patients after in vitro cultivation. Cryopreserved PBMC from Patient 85 (acute
ATL) were incubated for the indicated periods in 10% FBS-RPMI, and permeabilized with Triton-X for intracellular staining with control ascites,
Lt-4 (p40 Tax), NOR-1 (p24 Gag) or GIN-7 (p19 & p28 Gag) and subsequently with FITC-conjugated anti-mouse 1gG + IgM. The M2 region
shown in each histogram is regarded as positive.
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expressing cells differed among individuals (Table II). In Pa-
tient 80 (acute ATL), only a small percentage of the cells
expressed HTLV-I antigens after 9 days of incubation that
probably arose from a minor population of the PBMC. The
PBMC of Patient 1-vi who converted to acute-type ATL from
chronic-type ATL (Patient 1-i) did not show any detectable
levels of HTLV-I expression during ! day of incubation.

In the chronic ATL patients, the results were more variable. In
the PBMC of 3 (Patients 7, 79, 90) of 15 chronic ATL patients
tested, more than 30% (range = 35.4-06.5%) of live cells éx-
pressed detectable levels of HTLV-I antigens in | day of incuba-
tion. In 3 chronic ATL patients (Patients 42, 54, 69), HTLV-I
antigens were also induced but at a lower proportion (range =
6.8-11.3%) of the PBMC. No detectable levels of HTLV-I-
expression were observed in the PBMC from the rest of the
chronic ATL patients tested.

HTLV-I-induction was observed 3 of 5 acute-type and 6 of 15
chronic-type ATL patients, when HTLV-I-expression in >5% of
the 1-day cultured PBMC was regarded as positive.
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Conservation of representative CTL epitopes in ATL cells

Because HTLV-I Tax is a major target antigen of HTLV-I-specific
CTL,'4!17 we investigated whether ATL cells possessed mutations at
the CTL epitopes in Tax. At first, the HTLV-I proviral genome
integrated in the PBMC from 5 acute-type ATL patients was ampli-
fied by a long PCR method using LTR primers. As shown in
Figure 3a, in 4 of 5 samples tested, comparable sizes of DNA frag-
ments with a full-length provirus were amplified. No PCR product
was obtained from the remaining case (Patient 1-vi). The DNA
fragments amplified from the 3 patients were then examined for their
nucleotide sequences at the regions corresponding to Tax 11~19 and
Tax 301309, representative CTL epitopes restricted by HLA-A2 and
A24, respectively (Fig. 3b). Of the 4 acute-type ATL patients tested,
2 had HLA-A2, and all 4 had HLA-A24. The nucleotide sequences at
Tax 1119 were conserved in all patients regardless of the presence of
HLA-A2. The sample from Patient 91 had a single mutation resulting
in the substitution of serine (S) to asparagine (N) at the position 304.
In the other 3 patients, nucleotide sequences at the Tax 301-309
region were identical to the prototype HTLV-1.40

TABLE II - INDUCTION OF HTLV-1 ANTIGENS IN PBMC OF ATL PATIENTS FOLLOWING /N VITRO CULTIVATION

Culture pelriod

Percentage of positive cells for

Patient Type of ATL (days) Control Tax p24 p19&p28
antibody (Li-4) (NOR-1) (GIN-7)
#1-vi Acute 0 0.1 0.0 0.0 0.1
1 0.0 0.1 0.1 0.0
#22 Acute 0 0.0 0.0 0.0 0.0
1 0.0 15.0 17.8 10.2
3 0.0 26.4 56.4 38.1
#80 Acute 0 0.0 0.1 0.1 0.1
1 0.0 0.5 0.3 0.2
9 0.0 0.1 3.2 0.3
#85 Acute 0 0.1 0.0 0.0 0.0
1 0.3 80.9 74.9 45.6
3 0.6 91.4 93.9 97.3
#91 Acute 0 0.0 0.0 0.0 0.0
1 0.2 314 25.8 22.5
#1- Chronic 0 0.0 0.0 0.0 ND?
I 0.0 0.1 0.1 ND
#5 Chronic 0 0.0 0.0 0.0 0.0
1 0.2 1.2 1.5 0.8
9 0.1 0.9 7.0 6.7
#6 Chronic 0 0.2 0.1 0.1 ND
2 0.1 0.2 0.1 ND
#7 Chronic 0 0.1 0.0 0.1 0.1
1 0.2 52.3 66.5 62.1
#8 Chronic 0 0.1 0.1 0.1 0.0
1 0.1 0.2 0.3 0.1
#20 Chronic 0 0.0 0.1 0.0 0.0
I 0.3 0.5 0.4 0.4
#23 Chronic 0 0.0 0.0 0.1 0.0
1 0.0 0.5 0.4 0.2
#20 Chronic 0 0.0 0.0 0.0 0.2
1 0.1 0.3 04 0.1
#42 Chronic 0 0.0 0.0 0.0 0.0
1 0.0 11.3 0.2 0.1
#54 Chronic 0 0.0 0.2 0.1 0.0
1 0.1 9.7 10.5 54
#69 Chronic 0 0.0 0.3 0.2 0.1
1 0.4 6.0 6.8 3.3
#79 Chronic 0 0.0 0.1 0.0 0.0
1 0.0 63.4 59.2 33.2
#89 Chronic 0 0.0 0.0 0.0 0.1
1 0.1 1.3 1.1 0.6
#90 Chronic 0 0.1 0.1 0.1 0.0
1 0.1 354 32.0 15.9
#92 Chronic 0 0.0 0.0 0.0 0.0
1 0.3 0.9 1.1 0.8

Cryopreserved PBMC were thawed and expression of intracellular HTLV-I antigens were analyzed
immediately (Day 0) or following incubation for the indicated days in 10% FBS RPMI. When the cells
were cultured for longer than 3 days, 100 U/mL of IL- 2 was added to the culture medium to maintain cell

viability ~>ND, not done.
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Ficure 3 - Conservation of representative
CTL epitopes in the proviruses from acute ATL
cells. {a). Detection of full-length HTLV-I pro-
virus in ATL cells. Genomic DNA (500 ng)
extracted from PBMC of a healthy volunteer
(lane 1), five acute ATL patients (lane 2—6), or
MT-2 cells (lane 7) were amplified by a long

PCR system with specific primers for 5’ and 3’

Patients HLA Amino acid sequences HTLV-I LTR. PCR products were visualized by
~ ethidium bromide. The expected size of the frag-

- A2 A4 Tax11-19 Tax301-309 ments amplified from a full-length HTLV-I pro-

Pt. #1-vi + + (not amplified) (not amplified) virus was 7.7kbp in this system. (b) Nucleotide
sequences of the long PCR products from acute

Pt. #22 * * LLEGYPVYYV SFHSLHLLF ATL cells prepared in (a) were determined and
Pt. #80 - -+ LLFGYPVYV SFHSLHLLF the sequences at the regions corresponding to
~ representative CTL epitopes, Tax 11-19 and Tax

Pt. #85 + LLFGYPVYV ~ SFHSLHLLF 301-309 restricted by HLA-A2 and A24, respec-
Pt. #91 + + LLFGYPVYV SFHNILHLLF tively, are shown ds amino acid sequences. *In-
Prototype HTLV-I LLEGYPVYV SFHSLHLLF dicates the site of a single mutation (agt — aat)

Induction of co-stimulatory molecules in PBMC from
ATL patients

It has been reported that HTLV-I-infected cell lines express a
variety of surface molecules of activated T cells.28 We investigated
the expression of co-stimulatory molecules in ATL cells. 1t is
known that typical ATL cells usually express CD4, CD25 and
HLA-DR.?8 Besides these antigens, we assessed the expression of
co-stimulatory molecules such as CD40, CD40L, CD80, CDS86,
0X40 and OX40L that participate in the interaction between
antigen-presenting cells and T cells for efficient T cell-mediated
immunity.4' As shown in Figure 4, positive control IL'T-Hod cells,
an HTLV-I-infected T cell line established previously from an
ATL patient, clearly expressed CD4, CD25, CD80, CD86,
HLA-A, B, C and HLA-DR, and partially expressed OX40 and
OX40L. The PBMC from an acute (Patient 85) and a chronic
(Patient 79) ATL patient, that significantly expressed HTLV-I
antigens after in vitro cultivation, were then analyzed before and
after culture (Fig. 4). CD4, CD25 and HLA-A, B, C were detect-
able in uncultured PBMC from both patients. ATL cells from
Patient 85 were double positive for CD4 and CD8, HLA-DR was
detected in Patient 85 but not in Patient 79. In addition, small but
detectable levels CD86 (14%) and OX40 (11%) were expressed in
uncultured PBMC of Patient 85 and Patient 79, respectively
(Day 0, closed histogram). After 1-3 days cultivation, expression
of CD25, CD80, CD86 and OX40 was increased significantly.
Similar induction of co-stimulatory molecules was also observed
in other ATL cells with HTLV-I induction by culture (data not
shown).

The results of two-color staining for HTLV-I Gag antigens and
co-stimulatory molecules are shown in Figure 5. In 1-day cultured
PBMC of Patient 85, the cells expressing intracellular HTLV-I
Gag antigens partially expressed CD80 (23%) and CD86 (26%),
and exclusively expressed OX40 (93%). This clearly indicated that
HTLV-I and co-stimulatory molecules were co-expressed in ATL
cells at the single cell level.

Among ATL cases without viral induction, the samples from
Patient 1 expressed CD86 and OX40, and the sample from Patient
6 spontaneously expressed OX40 before culture (data not shown).
The other samples tested did not express detectable levels of these
co-stimulatory molecules. CD40 and CD40 ligand were not de-
tectable in the PBMC of any ATL patients tested.

found.

Augmentation of immunogenicity of ATL cells in vitro

We assessed the immunogenicity of short-term cultured ATL
cells by in vitro MLR and HTLV-I-specific CTL assays. The
results of MLR using allogeneic responder T cell and formalin-
fixed PBMC from an acute (Patient 85) and a chronic (Patient 79)
ATL patients were shown in Figure 6a. The levels of responder T
cell proliferation were significantly enhanced upon mixing with
I-day or 3-day cultured ATL cells. Long-term cultured HTLV-I-
infected T cell lines (ILT-85 and ILT-79) derived from these
patients also induced significant levels of allogeneic MLR. It is of
note that the ATL cells of Patient 79 expressed CD80 and OX40
but not HLA-DR (Fig. 4), suggesting that enhancement of MLR
with ATL cells from this patient was not due merely to augmented
HLA-DR. The levels of MLR against T cell-enriched fractions
from 2 healthy volunteers were not markedly enhanced by precul-
ture (Fig. 6b).

We assessed whether ATL cells could activate HTLV-I-specific
CTL in vitro by mixing HLA-A24-restricted HTLV-I-specific
CD8* CTL with formalin-fixed PBMC from HLA-A24-positive
ATL patients (Patient 85 and Patient 1-vi) or a healthy volunteer.
The results are shown in Table II. One- to three-day precultured,
but not uncultured, PBMC of Patient 85 accelerated [*H]-TdR-
incorporation into the CTL, and induced marked levels of ITFN-y
production in the CTL. In contrast, PBMC from a healthy volun-
teer or Patient 1-iv, in which HTLV-I antigens were not inducible,
failed to enhance DNA synthesis or IFN-y production in the CTL.
Thus, short-term cultured ATL cells could be a specific stimulator
as well as a target for HTLV-I-specific CTL in these in vitro
assays.

In vivo induction of HTLV-I-specific T cell responses by
inoculating ATL cells in rats

We investigated whether ATL cells could evoke HTLV-I-specific
T cell immune responses in vivo. Twice with a 2-week interval,
immunocompetent adult rats were subcutaneously inoculated with
107 cells/head of uncultured or 3 days-cultured PBMC from an acute
ATL Patient 91 after formalin-treatment. Figure 7a shows the results
of IFN-y-production of spleen T cells from these rats 1 month after
the last immunization. Surprisingly, in 2 of 2 rats inoculated with
uncultured ATL cells, spleen T cells produced high levels of IFN-y
against stimulation with Tax-expressing syngeneic rat Gl4-Tax and
HTLV-I-infected FPM1 cells but not with HTLV-I-negative G14
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Ficure 4 - Induction of co-stimulatory molecules
in the PBMC of ATL patients after in vitro cultive-
tion. Cryopreserved PBMC from an acute ATL Pa- OX40L
tient 85 and a chronic ATL Patient 79 were thawed
and stained immediately (closed lines), or after incu-

3]

=
=

bation for 1 day (thin lines) or 3 days (solid lines) in g

10% FBS-RPMI, FITC- or PE-conjugated anti- :

human mAbs (CD4, CD8, CD25, CD40, CD40L, - —;m_;L 2 —.Hl 3 - E
CD80, CD86, 0X40, OX40L, HLA-A, B, C, HLA- HLA A’B’C f ‘ \

DR) as indicated. Cell surface antigen expression on o ,,,* ] )

ILT-Hod, an IL-2-dependent HTLV-I-infected cell

line was analyzed by flow cytometry as a positive

control. Live cells were gated and are shown as

histograms. Each M region indicates where the cells -
stained with the isotype control mAb distributed (not HLA-DR
shown). Accordingly, each remaining M2 region is

regarded as positive.

0 0 30 120 w0 200

g{
[l

cells (Fig. 7a; Rats 1 and 2). Similar or higher levels of HTLV-I-  FPMI1 cells but not with G14 cells (Fig. 7b). There was no
specific T cell responses were observed in the rats inoculated with  significant difference between T cell response of the rats inocu-
3-days cultured ATL cells from the same patient (Rats 3 and 4). T  lated with uncultured and cultured ATL cells. CD4 positive cells
cells from control rats inoculated with PBMC from uninfected healthy  became a dominant population in the spleen T cells from immu-
human volunteers produced minimal levels of IFN-y. nized rats after co-culture with formalin-fixed G14-Tax cells,

T cells from the rats inoculated with ATL cells also showed whereas initially CD8 positive cells dominated before co-culture
strong proliferative response against stimulation with G14-Tax and  (Fig. 7¢).
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FiGure 5 - Double induction of HTLV-1
and co-stimulatory molecules in the PBMC
of ATL patients after in vitro cultivation.
Cryopreserved PBMC from Patient 85
(acute ATL) were thawed and incubated for
| day in 10% FBS-RPMI, and then sub-
jected to a two-color analysis of cell surface
antigens (CD80, CD86 or OX40) detected
by FITC-conjugated mAbs and intracellular
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We tested cytotoxicity of the spleen cells from these rats inoc-
ulated with ATL cells after 7 days of in vitro co-culture with
formalin-fixed Gl4 Tax cells. The results were shown in
Figure 7d. The spleen cells from rats inoculated with ATL cells did
not significantly kill Tax-expressing cells. In contrast, the positive
control spleen cells from Tax-coding DNA-vaccinated rats showed
strong cytotoxicity for G14-Tax but not for G14 cells.

These results suggest that not only precultured but also uncul-
tured PBMC of ATL patients possessed sufficient amounts of
antigens to evoke Tax-specific helper T cell response in vivo.

Discussion

We demonstrated that ATL cells retained the ability to express
HTLV-I antigens including Tax in nearly 50% of the cases of ATL
patients. Although the viral antigens became detectable in ATL
cells by flow cytometric analysis only after short-term culture, the
experiments with direct inoculation of the ATL cells to rats
showed that uncultured ATL cells were also able to induce HTLV-
I-specific T cell response in vivo.

It has been noted that HTLV-I expression is inducible in ATL
cells from some, but not all, ATL patients.?¢-?¢ In our present
study, induction of HTLV-I Tax and Gag in ATL cells was
observed in 3 of 5 acute ATL, 6 of 15 chronic ATL, and 9 of 19
ATL cases tested (Table II). In one case with chronic ATL (Patient
79), HTLV-I expression was induced in many more cells than the
number of morphologically identified abnormal lymphocytes, in-
dicating that many peripheral HTLV-I-infected cells could appear
as normal lymphocytes. It is intriguing that HTLV-I-expression
was induced more frequently in acute-type ATL cells than in
chronic-type ATL cells, despite the fact that acute-type ATL is
supposed to be at a more advanced stage than chronic-type ATL.
During in vivo evolution of HTLV-I-infected cells toward ATL,
modification of viral expression may not be an absolute require-
ment.

pl9&28 Gag

e

Chrome-streptavidin after permeabilization
with saponin (see Material and Methods).
Live cells were gated and are shown as dot
plots (FL-1/FL-3).

Nucleotide sequences at 2 representative CTL epitopes, Tax
11-19 and Tax 301-309 restricted by HLA-A2 and A24, respec-
tively, were highly conserved in proviruses from 4 acute ATL
patients tested (Fig. 3). We chose these epitopes because they were
predominantly recognized by CTL in 2 ATL patients after hema-
topoietic stem cell transplantation,?® and also because genomic
frequencies of HLA-A2 and A24 in Japanese are 24.7% and
35.6%, respectively.*?> ATL cells retained their ability to express
viral antigens in 3 of 4 patients with conserved epitopes. These
observations suggest that CTL escape mutants may not be the main
reason for ATL-development in these patients.

Direct inoculation of fresh ATL cells into naive rats efficiently
induced HTLV-I-specific helper T cell response in vivo (Fig. 7),
despite the apparent absence of HTLV-I antigens in these cells by
flow cytometry. Because ATL cells were derived from human, the
inoculated rats might potentially respond to xenogenic antigens.
Because we used syngeneic rat target cells for the cytokine pro-
duction assay to evaluate immune response in the rats, however,
reactions against xenogenic antigens should not be picked up by
this assay. In addition, because we treated uncultured ATL cells
with formalin before inoculation to rats, immune response of the
rats was not due to further induction of viral antigens in the ATL
cells or secondary HTLV-I-infection in vivo either. Spleen T cells
from the rats inoculated with ATL cells reacted with syngeneic
HTLV-I-infected or Tax-expressing rat cells but not uninfected
cells, indicating that these T cells recognized HTLV-I antigens
including Tax or Tax-induced antigens.

The in vivo HTLV-I-antigenicity of fresh ATL cells described
above contrasted with the observation that only precultured but not
uncultured ATL cells activated HTLV-I-Tax-specific CTL line
in vitro (Table 3). This may be partly explained by the different
sensitivity of the responding T cells between in vivo and in vitro
detection systems. The Tax-specific CTL line used in the in vitro
assay has been established by a long-term culture, whereas the
spleen T cell population of immunized rats would be more heter-
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FIGURE 6 — Augmentation of antigenicity for allogeneic mixed lym-
phocyte reactions (MLR) in precultured PBMC from ATL patients. (a)
PBMC from a healthy donor as responder cells were mixed with formalin-
fixed PBMC from Patient 85 (acute ATL, open bar) and Patient 79
(chronic ATL, closed bar) that had been uncultured (Day 0) or precultured
for the indicated periods (Day 1 or 3), or with formalin-fixed ILT cells
derived from Pauent 85 (open bar) and Patient 79 (closed bar). After
4 days of culture, [PH]J-TdR incorporated into the cells was measured. (b)
Similar allogeneic MLR were carried out with responder PBMC from a
healthy donor and formalin-fixed T cell-enriched PBMC fractions from
two other healthy volunteers (open and closed bar) that had been precul-
tured for the indicated periods. The results were expressed as the mean *
SD in counts per minutes {cpm) obtained from triplicate cultures. Differ-
ences between the 2 groups were analyzed for significance (*p < 0.0,
#Ep < 0,001, compared to Day 0) by Student’s ¢-test. Similar results were
obtained in another set of independent experiments.

ogeneous. Antigens of formalin-fixed ATL cells inoculated to rats
were presumably processed and presented mainly on MHC-II by
professional antigen-presenting cells, which would favor CD4
positive helper T cell response in vivo. The amounts of antigen
required for priming T cells in vivo might be smaller than those for
activating the CTL line in vitro. In addition, the presence of
co-stimulatory molecules on ATL cells might have been advanta-
geous to induce T cell response in vivo. 4143

Short-term cultured ATL cells significantly expressed co-stimula-
tory molecules including CD80, CD86, and OX40 as well as HTLV-I
antigens such as Tax and Gag at the single cell level. The levels of
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TABLE III - PROLIFERATIVE RESPONSE AND IFN-y PRODUCTION OF
HTLV-I-SPECIFIC CTL IN RESPONSE TO ATL CELLS WITH
OR WITHOUT /N VITRO PRECULTIVATION'

Stimulator PBMC Responses of HTLV-I-specific CTL

[*H|-TdR uptake

Preculture period IFN-y production

Subject (Day) (cpm) (pg/mL)
Pt. #85 0 2,469 * 246 Undetectable
1 3,350 * 4232 673 + 457
3 4,498 + 296 534 = 79°
Pt. #1-vi 0 2,493 * 84 Undetectable
1 2,470 * 366 Undetectable
Healthy 0 2,737 + 215 Undetectable
[ 2,554 £ 78 Undetectable
3 2,748 £ 195 Undetectable
None — 2,611 =115 Undetectable

"HLA-A24-restricted HTLV-I-specific CTL (1 X 10°/well) were
cocultured for 24 Ir with formalin-fixed cryopreserved PBMC (5 X
10%well) from HLA-A24-positive ATL patients or healthy volunteers
pre-incubated for the indicated periods (0, | or 3 days), and IFN-y
production in the culture supernatant and ["H]JTdR uptake for an addi-
tional 16 hr were measured. The results are expressed as the mean =+ SD.
lefexences between the 2 groups were analyzed for significance. 71) <
0.05-p < 0,001, compared with Day O by Student’s t-test. Similar
results were obtamed in another set of independent experiments.

Tax-expression in ATL cells reached the maximum in [ day, whereas
expression of Gag and co-stimulatory molecules increased with fur-
ther incubation (3 days) (Fig. 4), suggesting that Tax was involved in
the activation of the other molecules. A numbey of previous studies
pointed to the potential transactivation of CD254 OX4045 and
0OXA0L46 by HTLV-I Tax. Induction of CD80 and CD86 in HTLV-
IM-infected cells has also been reported.*” In our present study,
spontaneous expression of OX40 and CD86 was sporadically ob-
served in ATL cells before or without HTLV-I-induction. This indi-
cates that Tax expression under detectable levels or some other
mechanisms may be involved in activating co-stimulatory molecules
in these ATL cells.

ATL may be categorized into at least 2 groups by the ability of
HTLV-I-expression in their ATL cells. In our present study, HTLV-I
expression was inducible in about half the ATL cases, and the other
half showed irreversible viral silencing in their ATL cells. Although
the irreversible silencing of HTLV-I may be due to various genomic
changes in ATL cells, 2425 HTLV-I expression is not completely silent
in the other inducible type of viral suppression. This is supported by
previous and recent reports that HTLV-I mRNA is detectable by
RT-PCR in fresh ATL cells.2748 The inducible type of suppression is
commonly seen in PBMC from HTLV-I-carriers and HAM/TSP
patients.224? Despite such suppression of viral expression in vivo,
HTLV-I Tax-specific CTL are highly activated in HAM/TSP patients
and some HTLV-I-carriers,!® implying the presence of sufficient
levels of antigen-presentation /in wivo for priming and maintaining
CTL. This is consistent with the observation in our present study that
sub-detectable amounts of viral expression induced HTLV-I-specific
T cell response in vivo but not fully activated Tax-specific CTL line
in vitro. Such marginal levels of viral expression may partly explain
how HTLV-I persists in vivo in the presence of HTLV-I-specific
CTL. Nevertheless, active HTLV-I-specific CTL responses are asso-
ciated with tumor-free state in human'621.29 and limited proviral loads
in rats,® still suggesting contribution of HTLV-I-specific CTL to
controlling expansion of HTLV-I-infected cells in vivo. It remains to
be clarified where and when HTLV-I-specific CTL can affect infected
cells in vivo.

Our results indicated that, in respect of the ability of viral
expression, ATL has diversity even within the acute type ATL. In
about half the ATL cases, ATL cells retained the ability of viral
expression. Among these patients, fresh ATL cells from one case
could induce Tax-specific helper T cell response in vivo despite
their undetectable viral expression in in vitro assays. These imply
that ATL cells may express low but sufficient levels of Tax or
Tax-induced antigens to be recognized by T cells in vivo.
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FiGure 7 - In vive induction of HTLV-I-specific T cell response by inoculation of fresh ATL cells in rats. Inmunocompetent naive rats were
subcutaneously immunized with either ten million of formalin-fixed ATL cells from Patient 91 that had been uncultured (Rats 1, 2) or
3 day-precultured (Rats 3, 4), or with the same number of formalin-fixed uncultured PBMC from 2 healthy donors (Rats 5-8), twice with a
2-week interval. One month after second immunization, spleen cells were collected. (a) IFN-y production of spleen T cells from these rats were
measured by ELISA after incubation without (open bar) or with formalin-fixed syngeneic G14 (gray bar), G14-Tax (hatched bar) or FPM1
(closed bar) cells for 6 days. Similar results were obtained also at the third day of incubation when half the medium was changed. (b) Proliferation
of spleen T cells from immunized rats was monitored by a [*H}-TdR-uptake assay after 3 days of incubation with various stimulator cells that
were set up similarly to (a). (¢) CD4 (open bar) or CD8 (closed bar) positive cell number in the spleen T cells from Rats 1 and 4 was evaluated
by flow cytometry before and after 7 days of co-cultivation with formalin-fixed G14-Tax. Values indicate percent positive against viable cell
number. (d) Cytotoxicities of spleen cells from Rats 1 and 4 were measured after 7 days of pre-culture with formalin-fixed G14-Tax. Similarly
pre-cultured spleen cells from rats vaccinated with plasmids containing_fax cDNA (Tax-DNA) or vector plasmids alone served as positive and
negative controls, respectively. These effector cells were mixed with [*H]-TdR-labeled G14 (open bar) and G14-Tax (closed bar) cells at the
effector/target cell ratio of 10. After 6 hr incubation, cells were harvested and radioactivities remaining in the target cells were measured. Specific
cell lysis were calculated (see Material and Methods) and expressed as the mean * SD of triplicate cultures.
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b Abstract

Mutant isoforms of the KIT or PDGF receptors expressed by gastrointestinal stromal tumors (GISTs) are
considered the therapeutic targets for STI571 (imatinib mesylate; Gleevec), a specific inhibitor of these tyrosine

kinase receptors. Case reports of clinical efficacy of Gleevec in GISTs lacking the typical receptor mutations



prompted a search for an alternate mode of action. Here we show that Gleevec can act on host DCs to promote
NK cell activation. DC—mediated NK cell activation was triggered in vitro and in vivo by treatment of DCs with
Gleevec as well as by a loss-of~function mutation of KIT. Therefore, tumors that are refractory to the
antiproliferative effects of Gleevec in vitro responded to Gleevec in vivo in an NK cell-dependent manner,
Longitudinal studies of Gleevec—treated GIST patients revealed a therapy-induced increase in IFN-"¥ production
by NK cells, correlating with an enhanced antitumor response. These data point to a novel mode of antitumor action

for Gleevec.

i o lntrbrdﬁuct‘ionf:,‘

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal neoplasms of the gastrointestinal
tract. Somatic gain—of-function mutations of the c—kit protooncogene are found in 85% of GISTs (1), and recently,
mutations of the PDGFRex chain were reported in 35% of the GISTs lacking the KIT mutations (2). The
2-phenylaminopyrimidine compound imatinib mesylate (STI571; Gleevec) was initially designed to specifically block
the ATP-binding site of break point cluster region/Abelson leukemia virus (BCR/ABL) tyrosine kinase, and it also
inhibits the kinase activity of 3 related kinases: BCR/ABL, PDGFR, and KIT (3-5). Gleevec administration results in
objective (partial or complete) response or stabilization in about 80% of GIST patients (6). Clinical response to
Gleevec correlates with the mutational status of the c~kit gene. GISTs harboring an exon 11 mutation (76% of

GISTs) exhibit the highest objective response rate and the longest time to progression (7).

However, several lines of evidence indicate that Gleevec might mediate antitumor effects by an alternate mode of
action instead of having a direct effect on tumoral c—kit mutations. Indeed, the pharmacokinetics of Gleevec have
no predictive value for clinical responses, and some GISTs with very low expression of KIT have been shown to
respond to Gleevec (8, 9). We therefore hypothesized that, in addition to its cell~autonomous antitumor effects,
Gleevec might act indirectly on host cells outside of the tumor. The validity of this hypothesis relied on case
reports of GISTs devoid of mutations that we isolated in the cohort of patients responding to Gleevec. To
demonstrate this novel mode of action of Gleevec, we selected mouse tumor models that were resistant to the
antiproliferative effects of Gleevec in vitro but responded in vivo to long—term exposure to Gleevec or to
short-term exposure to Gleevec combined with a DC growth factor, fms-like tyrosine 3 kinase ligand (FL) (10).
Here we show that Gleevec acts on host DCs to promote NK cell activation and NK cell-dependent antitumor
effects in mice. We also report that most GIST-bearing patients that were treated with Gleevec acquired NK cell
activation, which positively correlated with clinical outcome (time to progression). This novel mode of action of

Gleevec opens new fields of investigation for immunotherapeutic approaches.



b . Results '

GISTs devoid of c—kit/PDGFR mutations respond to Gleevec. According to Heinrich and colleagues (7), the
mutational status of c—kit predicts the clinical response of the GIST to Gleevec:they report objective (partial or
complete) responses only in cases involving a mutation in the genes encoding c—kit or the PDGFRex chain, In this
previous study (7), activating mutations of c—kit or PDGFR&x were found in 88% and 5% of GISTs, respectively.In
patients with GISTs harboring the exon 11 c—kit mutation, the partial response rate was 83%, whereas patients with
GISTs harboring the exon 9 c—kit mutation and those with no detectable mutation of c—kit or PDGFRex had a partial
response rate of 48% and 0%, respectively (7). However, here we report the first 6 cases (3 in a phase I/11 French
study and 3 in a phase I1US study [ref. 71) of GISTs that did not display the target mutations of Gleevec but still
exhibited objective tumor responses. We analyzed the genomic DNA in these 6 paraffin~embedded primary GISTs
and did not find any mutations in the following Gleevec targets: c—kit exons 9, 11, 13, and 17, and PDGFRer exons
12,14, and 18. However, 2 patients presenting with liver, stomach, or lung metastases did exhibit complete
responses to Gleevec with 26 months of disease—free survival. One patient presenting with liver metastases
displayed a partial response with 24 months of progression—free survival (PFS), and 3 patients exhibited stable
disease (7, 15, and 17 months of PFS) (see Supplemental Table 1A; supplemental material available at
http://www.jci.org/cgi/content/full/114/3/379/DC1). This finding prompted the search for an alternate mode of

action of Gleevec that is not cell autonomous.

In vivo efficacy of Gleevec in tumors resistant to Gleevec in vitro. Accordingly, we identified several mouse tumor
models resistantto the antiproliferative effects of Gleevec in vitro (Figure 1A) but sensitive to Gleevec in vivo.
While B16F10 melanoma cell proliferation was not inhibited by micromolar concentrations of Gleevec in vitro, the
establishment of B16 lung metastases in C57BL/6 mice was significantly hampered by oral feeding with Gleevec
(Figure 1B). Gleevec also induced significant antitumor effects against the AK7 mesothelioma and the MCA102
fibrosarcoma models (data not shown). The Gleevec—mediated antitumor effects could be potentiated by the
adjunction of FL, a hematopoietic growth factor endowed with immunostimulatory capacities (10).Indeed, a short
administration of Gleevec (4 days) combined with FL. (FL+Gleevec) promoted synergistic antitumor effects against
established AK7 mesothelioma with up to 45% tumor-free mice using FL+Gleevec versus 14% using FL alone or 0%
using Gleevec alone (Figure 1C). Similarly, the combination of Fl.and Gleevec prevented 100% of mice from
developing the transporter associated with antigen processing—deficient (TAP-deficient) RMA-S lymphoma,
whereas neither FL nor Gleevec alone prevented this lymphoma (Figure 2A). It is noteworthy that tumor—free mice

were not immune to autologous tumor cells, since rechallenge was lethal in most cases (data not shown). Therefore,



Gleevec alone or in combination with FL significantly curtails tumor progression in tumor models resistant to

Gleevec in vitro, which suggests a non—cell autonemous mode of action.

View larger version (24K):
[in this window]

[in a new window]

Figure 1=
Gleevec prevented tumor

resnstant to the Gleevec a

¢ il stant to

5 11‘: and rmc: vere: sacrlf

progressmn in VIVO in tumor models -

ntlprohferatlve effects in V|tro (A Mouse

Gleevec in v1tro‘ AK7 B16F10 (B16)

|ced for the enumeratlon ,_ﬂung -

metastases o day 11 The data from 3 mdependent experlments

each mc]udmg 5 7;’7

The Wllcoxon ‘tw

o—sarn' le ;

‘lcerper group, were .pqoled and are deplcted

rank sum'tést vv';:za Jsed to compare the

'number of lung‘metastases (**P( 0 05 'Glee\ ec versus H O) (C) FL

tumor cells in the abdommal ﬂank of 057BL/ imlce on day O F :’as

star‘ted at

/ 7 tumors reached a dlameter of 20 + 20

mm 2 FV' was contmued for 10 days and comblred IW|th Gleevec the

sagnlﬁed by trlple asterlsks

e doses ~as in




