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Abstract

Chronic myelitis, characterized by perivascular cuffing and parenchymal infiltration of
lymphocytes, is the primary neuropathological feature of human T lymphotropic virus
type 1 (HTLV-D-associated myelopathy/tropical spastic paraparesis -(HAM/TSP).
Although the exact cellular and molecular events underlying the induction of chronic
inflammation in the spinal cord by HTLV-I are still unclear, long-standing bystandel
mechanisms, such as the destruction of surrounding nervous tissue by the interaction
between HTLV-I-infected CD4™ T cells and HTLV-I-specific cytotoxic T cells in the
spinal cord, are. believed to play an important role in the immunopathogenesis of
HAM/TSP. As the first step in this scenario, exagger ated transmigration activity of
HTLV-I-infected CD4™T cells to the spinal cord is a most 1mpoxtant prerequisite. In this
regard, we demonstrated that HTLV-I-infected CD4" T cells of HAM/TSP patients,
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compared to anti-HTLV-I-seropositive carriers, have heightened transmigrating activity
to tissues based on the up-regulation of matrix metalloproteinase expression. Is Thl or
Th2 activation involved in increased transmigrating activity of HTLV-I-infected CD4™ T
cells in HAM/TSP patients? The facts, such as increased levels of Thl cytokines
expression with Thl cytokine-related signaling molecules in the peripheral blood T cells
of HAM/TSP patients, indicated that the immunological status of HAM/TSP is
undoubtedly based on Thl activation. Most importantly, HTLV-l-infected CD4” T cells
are concentrated in the cell population having transmigration potential to the tissues
with “Thl characters. In studying the signaling pathways in the regulation of Thl
activation, we found that p38 mitogen-activated protein kinase (p38 MAPK) was
involved. In addition, our data indicated that activation of this signaling might be
involved in the high HTLV-I plovual load in HAM/TSP patients. However, the
transmigrated HTLV-1- infected CD4" Th1 cells must settle locally over a long peuod for
the establishment of long-standmg pelpctuatlon of a chronic inflammatory state. Our
study revealed that the peripheral blood CD4" T cells of HAM/TSP patients are resistant
to apoptosis triggered through mitochondrial death pathway by up-regulation of Bel-xL
expression. Collectlve]y, these ﬁndmgs strongly suggest that HTLV-I-irifected CD4™ T
cells of HAM/TSP ' patients, havmg thé characteristics of activated :'Thl based on
activation of p38 MAPK signaling, concomitant with up-regulated Bc] xL expression,
have the potential to trigger the neur opathologlcal process in the spinal cord.

Introduction

Human T lymphotropic virus t};pe I (HTLV-I), a member of the Oncovirinae subfamily in
the family Retroviridae, is the causative agent of two clinically disparate diseasés, namely adult
T-cell leukemia (ATL) and HTLV-I-associated myelopathy/tropical spastic paraparesis
(HAM/TSP) [1, 2]. With the discovery of HAM/TSP, it has become evident that HTLV-I has
the remarkable capacity for aggressive lymphoproliferation and profound chronic inflariimation.
However, the precise pathophysiologic mechanisms underlying these entirely different clinical
conditions caused by HTLV-I are poorly understood. Although high HTLV-I proviral load in
the peripheral blood is an important factor in the development of HAM/TSP [3, 4], it is unclear
how such a situation is induced. In addition, it is not clear why only a very small proportion of
HTLV-Il-infected individuals develop either of these HTLV-I-associated diseases.

As the name indicates, the principal clinical manifestation of HAM/TSP is spastic
paraplegia or paraparesis, characterized by a slowly progressive course of prominent upper
motor neuron involvement and mild sensory deficit with sphincteric disturbance [5-7]. Not
unexpectedly, the primary neuropathological feature of HAM/TSP is chronic inflammation of
the spinal cord, mainly the Jower thoracic’ cord, characterized by perivascular cuffing and
parenchymal infiltration of mononuclear cells [8, 9]. Imumunchistochemical studies have
revealed that CD4” and CD8" T cells and macrophages infiltrate active, chronically inflammed
lesions in the spmal cords of HAM/TSP patients with short-lived illness. Also, apoptosis was
found in CD45RO™ T cells, the main target of HTLV-I infection, with distribution of TIA-1"
CD8" T cells in the lesions [10, 11]. These findings suggest that interactions between HTLV-I-
infected CD4” T cells and HTLV-I-specific CD8" cytotoxic T cells in the spinal cord are
operative in the innmmopatholbgical process leading to HAM/TSP. Moreover, bystander
mechanisms, such as destruction of the surrounding nervous tissue induced by the interactions
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between both T-cell populations, are probably critical [12]. Finally, the fact that anti-apoptotic
proteins are also expressed in both CD4" and CD8" T-cell populations [11] might explain the
long-standing perpetuation of a chronic inflammatory state in the spinal cord lesions of
HAM/TSP patients.

HTLV-I-infected CD4™ T cells are the fn st responders in the nmnunopathogenem of
HAM/TSP. That is, exaggerated transmigration activity of HTLV-I-infected CD4" T cells to
the spinal cord is a most important prerequisite for the establishment of chronic myelitis. In this
1:eview, we will analyze the immunological abnormalities in the peripheral blood CD4" T cells
‘of HAM/TSP patients, such as transmigration, cytokine expression, anti-apoptotic protein
expression, in comparison with anti-HTLV-I-seropositive carriers, and discuss the importance
of HTLV-I-infected CD4" T cells as activated Thl cells in the development of HAM/TSP.

1. Exaggerated Transmigrating Activity of
Perlpheral Biood HTLV-I-Infected CD4" T Ceils in
- HAM/TSP Patlents i

We previously reported 51gmﬁcantly mcreased adherence of peripheral blood T cells to
human endothelial cells (EC) in HAM/TSP patients, compared to T cells from anti-HTLV-I-
seropositive carriers and anti-HTLV-I-seronegative controls [13], as evidenced by the
adherence of activated CD4" T cells (rather than CD8" T cells) to EC with heightened
lymphocyte function antigen-1 (LFA-1) expxessxon [14]. Subsequently, we identified the cells
transmigrating through EC in HAM/TSP patients as activated CD4" T cells [15]. Although
these findings indicate that the per 1phelal blood CD4" T cells of HAM/TSP patients have a
prominent potential to transmigrate through EC, theses cells must penetrate and transverse the
subendothelial basement membrane after trasmigrating through the EC for the invasion of
tissues. Therefore, we investigated the transmigrating activity of peripheral blood CD4™ T cells
of HAM/TSP patients through a reconstituted basement membrane (RBM) [16], using
Transwell cell-culture chambers [17]. Either peripheral blood CD4" or CD8" T cells were
applied to the upper compartment of the Transwell inserts, which were polyvinylpyrrolidone-
free polycarbonate filters of 8-pm pore size pre-coated with laminin on the lower surface and
RBM (Matrigel) on the upper surface, respectively. After a 6-hour incubation period, the
transmigrating cells in the Jower chamber were counted by trypan blue staining. As shown in
figure 1a, the percentage of transmigrating CD4" T cells was significantly higher than that of
CD8" T cells in patients with HAM/TSP (n = 18). By contrast, no significant difference was
observed in the percentage of transmigrating CD4" and CD8" T cells in controls (n =16,
including 8 anti-HTLV-I-seropositive carmriers and 8 anti-HTLV-I-seronegative individuals)
(figure 1b). When only transmigrated CD4™ T cells were compared, the percentage of
transmigrating cells in HAM/TSP patients (range, 3.0% - 40.1%; mean + SD, 16.5% =
12.0%) was significantly higher than that in either anti-HTLV-I-seropositive carriers (range,
0.5% - 5.0%; mean + SD, 2.8% = 1.8%) or anti-HTLV-I-seronegative controls (range, 0.3% -
6.9%; mean *+ SD, 2.8% =+ 2.6%), respectively (figure 2). Since the lower surface of the
polycarbonate filters of the Transwell inserts was coated with a high concentration of laminin,
the ligand of very late activating antigen-6 (VLA-6) [18], there was some possibility that the
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increased tr ansm}glatxon actmty of CD4™ T cells in HAM/TSP patients might be related to the
increased numbers of VLA-6" CD4" T cells. However, no 31gmﬁcant differences were noted in
the percentage of VLA-6" CD4" T cells between HAM/TSP patients and controls (data not
shown).
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Figure 1. Percentage of transmigrating CD4” and CD8" T cells. The percentage of transmigrating cells was
ca]culated using the formula, transmigrating cells/apphed cells x 100 (%). a) The percentage of transmigrating
cD4'T cel]s compared to transm)gratmg CD8™ T cells, was significantly higher in 18 HAM/T SP patients. b)
In 16 controls (including 8 anti-HTLV-l-ser oposmve carriers), there was no significant difference between the
percentage of transmigrating CD4™ and CD8” T cells. * ‘p < 0.01. Wilcoxon single-rank test was used for
statistical analysis. Quotation from Ref. 16.
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Figure 2. Comparison of the percentage of transmigrating CD4" T cells between HAM/TSP patients and
controls. CD4" T cells of HAM/TSP patients (open circles) were significantly increased in comparison with
either anti-HTLV-I-seropositive carriers (HTLV-1 (+)) or anti-HTLV-l-seronegative controls (HTLV-1 ()
(closed circles). *p < 0.01; closed circle and bar, mean + SD. Mann-Whitney U-test was used for statistical
analysis. Quotation from Ref. 16. :

Next, in analyzing the HTLV-I proviral load in transmigrated and non-transmigrated CD4"
T cells by competitive PCR, using oligonucleotide primers of the HTLV-I pX gene, in 9
HAM/TSP patients and in 5 anti-HTLV-I-seropositive carriers, we found that the HTLV-I
proviral load in transmigrated CD4™ T cells from HAM/TSP patients was two- to eight-fold
higher than in non-transmigrated CD4" T cells (figure 3). By contrast, no significant difference
was found in HTLV-I proviral load in transmigrated and non-transmigrated CD4" T cells from
anti-HTLV-I-seropositive carriers, although the copy numbers of HTLV-I provirus were very
low (figure 3).



6 Tatsufumi Nakamura, Yoshihiro Nishiura, Naomi Fukushima et al.

(HAM/TSP)

0 - § 500 . 1000
(HTLV-I carrier)

1 ~! . & transmigrating

2——! [ non-transmigrating

0 500 '1000
HTLV-I proviral load (copies/1000 CD4™ T cells)

Figure 3. Quantitative analysis of HTLV- Iproviral DNA in CD4” T cells. HTLV- 1 proviral load was compared
between transmxgratm g and non-transmigrating CD4" T cells. HTLV- -1 proviral DNA, quantitated in the
transmigrating CD4™ T cells from the peripheral blood of 9 HAM/TSP patients, was higher than in non-
transmigrating CD4" T cells. No significant difference in HTLV- 1 proviral load was found among 5 anti-
HTLV-I-seropositive carriers (HTLV -] carrier). Quotation from Ref. 16.

Our data clearly demonstrated that CD4" T cells of HAM/TSP patients have significantly
increased tr ansmigrating activity through RBM, compared to that of anti-HTLV-I-ser opositive
carriers and HTLV-I-seronegative individuals. Moreover, the HTLV-I proviral load in
transmigrated CD4™ T cells of HAM/TSP patients was increased significantly as compared to
that in non-transmigrated CD4" T cells. These findings strongly suggest that HTLV-I-infected
CD4™ T cells in HAM/TSP patients have exaggerated transmigration activity to extravasate
from the blood to central nervous system tissues.

The findings mentioned above, such as the heightened adherence to EC and exaggerated
transmigrating activity through EC and RBM of peripheral blood CD4" T cells, particularly
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HTLV-l-infected CD4™ T cells, from HAM/TSP patients giving rise to the phenomenon derive
from in vitro studies. In this regard, although the rolling phenomenon is necessary in vivo for
the initial attaclument of T cells to EC before the adhesion of T cells to EC [19], the selectin
family of adhesion molecules, including E-selectin and L-selectin, plays an important role [20].
We previously reported that serum levels of both soluble forms of E- and L-selectin were
significantly elevated in HAM/TSP patients [21]. The degree of lymphocyte adherence to EC
and the activated state of EC in vivo are reflected in a soluble form of both selectins in sera
because soluble forms of E- and L-selectin are derived from activated EC membrane and cell
surface of lymphocytes following attachment to EC, respectively [22, 23]. Therefore, elevated
levels of soluble forms of selectins in HAM/TSP patients suggest that the peripheral blood
CD4" T cells actively adhere to EC and transmigrate through EC and BM to the tissues in vivo
in HAM/TSP patients. In addition, the possibility of active transmigration of peripheral blood
CD4" T cells of HAM/TSP patients to the tissues in vivo might bealso supported by the
existence of other HTLV-I-associated diseases including Sjogren’s syndrome [24], alveolitis
[25] and uveitis [26], each of which occasionally occurs in conjunction with HAM/TSP. Indeed,
we previously reported T- lymphocytic infiltration in labial salivary glands of all HAM/TSP
patients examined and a very high frequency of Sjogren’s syndrome in HAM/TSP patients [27].
We also reported a HAM/TSP patient with multi-organ inflammatory diseases; including
Sjogren’s syndrome, uveitis and interstitial cystitis, who bad a high HTLV-I proviral load in
the peripheral blood, suggesting that increased numbers of HTLV-I-infected cells might
potentially induce systemic inflammation in several organs [28].

Overall, our findings indicate that peripheral blood HTLV-I-infected CD4™ T cells from
HAM/TSP patients exhibit highly invasive activities to extravasate from the blood to tissues.
These activities presumably serve to trigger the first steps of the pathogenetic process in the
spinal cords of HAM/TSP patlems

2. Mediators that Induce the Exaggerated
Transmigrating Activities of Peripheral Blood
HTLV-I-Infected CD4" T Cells
in HAM/TSP Patients

Matrix metalloproteinases (MMPs) are important mediators, which play a critical role in
the transmigration of T cells to tissues and the degradation of the extracellular matrix [29].
Among these MMPs, gelatinase, such as MMP-2 and MMP-9, cleave native collagen types IV
and V, gelatine, fibronectin and laminin [30], which are the main components of the vascular
endothelium and basement membrane. In the first step of T-cell transmigration into tissues, the
interaction between each adhesion molecule, such as the integrin family, and the vascular EC
or the vascular BM, subsequently followed by.the induction of MMPs, is a very important
piocess. To clarify the role of mediators in the induction of activated transmigrating activity of
HTLV-l-infected CD4" T cells of HAM/TSP patients, we investigated MMP-2 in the
peripheral blood T celis of HAM/TSP patienis after their contact to vascular cell adhesion
- molucule-1 (VCAM-1), which is a ligand for the o431 integrin known as very late activating
antigen-4 (VLA-4) [31]. After the peripheral blood T cells of HAM/TSP patients were co-
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cultured with or without VCAM-1 (+) cells for 12 hrs, only T cells were collected. After that,
the collected T cells were cultured in serum-free conditions for 6 Irs and the culture
supernatant was collected and designated as T sup. As shown in gelatin zymogr aphy (figwre 4a),
the gelatinolytic activity of 72-kDa gelatinase (MMP-2) in T sup was higher when T cells were
co-cultured with VCAM-1 (+) cells compared to T sup of cultured T cells alone in 5 HAM/TSP
patients than 5 control patients. As shown in figure 4a, 67-kDa gelatinase, which is the active
form of 72-kDa gelatinase (MMP-2), was detected in only T sup derived from T cells of 4 of 5
HAMY/TSP patients co-cultured with VCAM-1 (+) cells but not in T sup derived from T cells of
all 5 control patients. In addition, anti-MMP-2 immunoblot analysis of samples from 3
HAM/TSP patients showed that the high gelatinolytic activity of MMP-2 was due to increased
production of MMP-2 protein (figure 4b). For analysis of gelatinolytic activity of MMP-2, gels
were photograplied and scanned, then imported into Adobe Photoshop software and
densitometric analysis was performed using the NIH Image Analysis software. The incremental
ratio (IR) of gelatinolytic activity of MMP-2 was determined as follows: IR = densitometric
counts in'each T sup when co-cultured with VCAM-1 (+) cells / densitometric counts in each T
sup when T cells were cultured alone. When we compared the IR among HAM/TSP patients,
anti-HTLV-I-seropositive carriers and anti-HTLV-I-negative controls, the IR in HAM/TSP
patients was significasitly higher than that in anti-HTLV-I-seropositive carriers and in anti-
HTLV-I-negative controls (figure 5). Next, in order to investigate whether the mechanisms of
the induction of MMP-2 in T cells are really based on VCAM-1/VLA-4 interaction, we
pretreated VCAM-1 (+) cells with anti-VCAM-1 blocking monoclonal antibody before co-
culture with T cells in 5 HAM/TSP patients. In this case, the IR was determined-as follows: IR
= densitometric counts in each T sup when cultured with VCAM-1 (+) cellspretreated with
anti-VCAM-1 blocking monoclonal antibody or control (irrelevant) monoclonal antibody /
densitometric counts in each T sup when T cells were cultured alone. As shown i figure 6,
although the IR of T sup of T cells co-cultured with VCAM-1 (+) cells pretreated by control
monoclonal antibody were similar to the IR of T sup derived from T cells co-cultured with non-
pretreated VCAM-1 (+) cells, the IR of T sup from T cells co-cultured with VCAM-1 (+) cells
pretreated by anti-VCAM-1 blocking monoclonal antibody were significantly reduced,
indicating that VCAM-1/VLA-4 interaction plays an important role in up- 1egulat10n of
gelatinolytic activity of MMP-2 in T cells of HAM/TSP patients. As far as we compaled the
percentage of VLA-4" cells in cultured T cells from HAM/TSP patients with those of control
patients, no significant differences were found between both groups.
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Figure 4. Representative gelatin zymography of gelatinolytic activity of MMP-2 (a) and immunoblot of MMP-2
protein (b) in T sup after co-culture with VCAM-1 (+) or after culture of T cells alone (-). (a) Gelatinolytic
activity of MMP-2 (72-kDa gelatinase) in T sup was higher when T cells were co-cultured with VCAM-1 (+)
cells compared to T sup from cultures of T cells alone in five HAM/TSP patients than in five controls.
Gelatinolytic activity of 67-kDa gelatinase, which is the active form of 72-kDa gelatinase (MMP-2), was
detected in only T sup derived from T cells of four of five HAM/TSP patients co-cultured with VCAM-1 (+)
cells. (b) Immunoblot analysis of immunoprecipitates of T sup of three HAM/TSP patients indicating an up-
regulated state of MMP-2 protein production. Arrow indicates MMP-2 (72-kDa gelatinase). Quotation from Ref.
31.
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Figure 5. Comparison of IR of gelationolytic activity of MMP-2 (72-kDa gelatinase) in T sup of co-cultured T
cells with VCAM-1 (+) cells or T sup derived from cultures of T cells alone between HAM/TSP and controls.
IR of gelatinolytic activity of MMP-2 was determined as follows: IR = densitometric counts in each T sup when
cultured withVCAM-1 (+) cells / densitometric counts in each T sup when cultured T cell alone. IR is
significantly higher in HAM/TSP patients than in controls including anti-HTLV-I-seropositive carriers. HTLV-I
(+): anti-HTLV-I-seropositive carriers; HTLV-I(-): anti-HTLV-I-seronegative controls. *p <0.0001, **p =
0.0002, N.S.; not significant. Mann-Whitney’s U-test was used for statistical analysis. Quotation from Ref. 31.
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Figure 6. Effect of pretreatment of VCAM-1 (+) cells with anti-VCAM-1 monoclonal antibody on gelatinolytic
activity of MMP-2 (72-kDa gelatinase) in T sup. IR of gelatinolytic activity of MMP-2 was determined as
follows: IR = densitometric counts in each T sup of T cells co-cultured withVCAM-1 (+) cells or VCAM-1 (+)
cells pretreated with anti-VCAM-1 monoclonal antibody or control monoclonal antibody / densitometric counts
in each T sup of cultured T cell alone. IR in T sup of T cells co-cultured with VCAM-1 (+) cells pretreated with
anti-VCAM-1 monoclonal antibody was significantly reduced, compared to IR of T sup derived from T cells co-
cultured with VCAM-1 (+) cells pretreated with control antibody or non-pretreated VCAM-1 (+) cells. Ab (-):
no treatment; Anti-VCAM-1 Ab (+): pretreatment with anti-VCAM-1 antibody; Control Ab (+): pretreatment
with control antibody. *p = 0.0324, **p = 0.0237, N.S.; not significant. Wilcoxon single-rank test was used for
statistical analysis. Quotation from Ref. 31. :

In this study, we demonstrated that VCAM-1/VLA-4 interaction can induce up-regulation
of MMP-2 activity in the peripheral blood T cells of HAM/TSP patients based on up-regulation
of its expression. We previously reported increased adherence of peripheral blood CD4™ T cells
to human EC in HAM/TSP patients, as described in section 1 [14]. Theréfore, it is suggested
that the adherence of the peripheral blood CD4" T cells to EC itself triggers MMPs activation
in these cells for the transmigration to the tissues in HAM/TSP patients. Although our data
presented in this section are based on adhesion molecule/ligand interactions, we previously
showed that the gelatinolytic activity of MMP-9 in the peripheral blood CD4™ T cell of
HAM/TSP patients, treated with phorbol myristate acetate (PMA), was more up-regulated than
that of control patients despite no significant difference in the condition without the treatment

with PMA between both groups (unpublished data). Thus, the peripheral blood CD4" T cells of
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HAM/TSP patients might have the potential to be able to easily induce MMPs activation by
triggering lymphocyte activation.

The immunopathological analysis of spinal cord lesions in HAM/TSP patients revealed
that infiltrating mononuclear cells expressed VLA-4 concomitantly with highly expressed
VCAM-1 on vascular endothelium, and MMP-2 and MMP-9 are also expressed on infiltrating
mononuclear cells with disruption of vascular endothelium in chronic active lesions [32, 33].
Therefore, our in vitro data are supported by these histopathological findings in spinal cords of
HAM/TSP patients. In addition, the importance of MMP in the transmigration of T cells, by the
degradation of the extracellular matrix, is also supported by the finding that the transmigration
of the peripheral blood CD4™ T cells of HAM/TSP patients was significantly inhibited by the
selective MMP inhibitor, N-biphenyl sulfonyl-phenylalanine hydroxamic acid (BPHA), in an
in vitro transmigration assay system [34].

The exact mechanisms by which such an activated status of peripheral blood CD4™ T cells
of HAM/TSP patients [35, 36], induces-an up-regulated state of MMP expression after
activation, such as the cell adherence by adhesion molecule/ligand interaction and T-cell
stinulator, remain unknown. At least the MMP-2 gene promoter seems not to be influenced by
HTLV-I tax gene, since it contains neither TPA-responsive elements or NF-xB elements nor
other tax-responsive elements [37]. Therefore, up—regulatidn of MMP-2 expression by VCAM-
1/VLA-4 interaction might not be directly based on HTLV-I infection itself in HAM/TSP
patients but on the altered intracellular signal transduction or cytokine expression in the
peripheral blood CD4" T cells, particularly HTLV-I-infected T cells, of HAM/TSP patients.
On the other hand, the MMP-9 gene promoter contains NF-kB, SP-1 and AP-1 responsive
elements [38]. Therefore, HTLV-I tax can activate the MMP-9 promoter and induce MMP-9
expression in HTLV-I-infected T cells through the action of these transcription factors [39]. In
this regard, it has been repmted recently that the longer d(CA) repeat alleles in MMP-9
promoter polymorphism were more frequently observed in HAM/TSP patients than in HTLV-I
seropositve asymptomatic carriers, suggesting that the longer alleles are involved in the up-
regulated MMP-9 expression observed in HAM/TSP patients [40].

Aminopeptidase-N (AP-N), which is a widely distributed transmembrane ectoenzyme in
mammalian cells [41, 42], is another proteases that degradates extracellular matrix. We-
previously reported that AP-N activity in peripheral blood T cells of HAM/TSP patients was
increased sighiﬁcantly, as compared to that of controls [16]. AP-N, like MMP, has the ability
to degrade type IV collagen, which is one of the main components of the basement membrane.
As such, both proteinases might be involved in not only the transmigration to the tissues but
also the tissue destruction, such as the damage of the blood-brain barrier [43, 44].

Our findings indicate that VCAM-1/VLA-4 interaction can induce up-regulation of MMP-
2 in peripheral blood T cells of HAM/TSP patients, compared to control patients including anti-
HTLV-I-seropositive carriers. However, in considering the increased transmigrating activity of
peripheral blood CD4" T cells of HAM/TSP patients, HTLV-I-infected CD4™ T cells of
HAM/TSP patients seem to easily transmigrate to the spinal cords by using increased activity
of MMP-2, MMP-9 and AP-N as the mediators





