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tissues (data not shown). Therefore, for further study we
analyzed skin tissues from the mid-dorsal portion of the back
of animals at 7 weeks after beginning chemical application.

Inanimal tissues, 4-hydroxy-2-nonenal (4-HNE) isalipid
peroxidation product whose formation is closely related to
oxidative stress (24). Because of its electrophilic nature, 4-
HNE reacts with nucleophilic amino acid residues in pro-
teins to form HNE-adducted proteins. For our studies, we
used an HNE-antibody that recognizes HNE-adducted
histidine moieties in proteins (HNE-modified proteins) to
monitor both the occurrence and extent of oxidative stress in
skin tissues (Supplementary Fig. S1). Immunoblot analysis
of skin tissues at the 7-week time point using the anti-4-
HNE antibody indicated that HNE-modified protein level,
in tissues from K14-Angpz/2 Tg mice, significantly increased
relative to conditions seen in wild-type mice (Fig. 2A and B).
Conversely, levels of HNE-modified proteins in skin tissues
of Angpt/2 KO mice were significantly decreased compared
with wild-type controls (Fig. 2C and D). In addition, we

found that HNE-modified protein levels were positively
correlated with the Angptl2 levels (Fig. 2A and C). These
findings suggest that Angptl2 increases oxidative stress.

Antioxidant treatment reduces Angptl2-associated
oxidative stress and decreases papilloma and SCC
formation in a SCC model

We previously proposed that Angptl2 expression in skin
tissues accelerates chemically induced carcinogenesis by
increasing susceptibility to "pre-neoplastic change” and
"malignant conversion" (7). To determine whether these
changes are attributable to increased oxidative stress in those
tissues, we treated mice with the potent antioxidant NAC by
including it in their drinking water (25). Immunoblot
analysis using anti-4-HNE antibody of skin tissues harvested
7 weeks after initiating chemical application indicated that
levels of reactive oxygen species (ROS) in NAC-treated K14-
Angprl2 Tg mice were significantly lower than those seen in
Tg mice not treated with NAC (Fig. 3A and B). By 14 weeks
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after initiation of chemical treatment, K14-Angpt/2 Tg mice
exhibited numerous papillomas in the absence of NAC
treatment (Fig. 3C, left), whereas NAC-treated Tg mice
showed a significantly reduced number of papillomas (Fig.
3C, right). The average latency is defined as time to reach
50% incidence of all papillomas (7, 26, 27). NAC-treated
K14-Angpt/2 mice also showed attenuated formation of skin
papillomas, with an average latency of 11 weeks after the
beginning of chemical application, as compared with K14-

Angptl2 Tg mice not treated with NAC, which showed an
average latency of 7 weeks (Fig. 3D, top). In addition, K14-
Angptl2 Tg mice treated with NAC showed significantly
fewer papillomas (Fig. 3D, bottom). After 20 weeks of
chemical treatment, NAC-treated K14-Angpzl2 Tg mice
exhibited an average of 9.2 papillomas per mouse, whereas
K14-Angptl2 Tg mice without NAC exhibited an average of
26.5 (P< 1 x 107°). When only large papillomas (diameter
> 3 mm) were evaluated, K14-Angp#l2 Tg with treated with
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Tg mice. A, photograph of SCC
exhibited by K14-Angpti2 Tg mice
provided normal (left) or NAC-
treated (right) water at 8 weeks after
first diagnosis of SCC. Arrowheads
indicate SCC. B, increased
incidence of SCC (top) and number
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Angptl2 Tg mice administered
normal (n = 20; red circles) or NAC-
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Meier survival curves after initiation
of chemical application of K14-
Angpti2 Tg mice provided normal
(n = 28) or NAC-treated (n = 27)
water (P < 0.001 by log-rank test).
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NAC developed papillomas 3 weeks later than did Tg mice
without NAC treatment (Fig. 3E, top), and the average
number of large papillomas decreased to 0.35-fold that seen
in NAC-treated Tg mice (Fig. 3E, bottom). In addition, we
performed the same experiments in wild-type mice and
confirmed the tumor-inhibitory effect of NAC (Supplemen-
tary Fig. 52).

Interestingly, we observed no difference in the ratio of
large to total papillomas between mice treated with or
without NAC (Fig. 3F), whereas SCC formation was sig-
nificantly attenuated in NAC-treated versus untreated Tg
mice (compare right with left images in Fig. 4A). By 30
weeks after initiation of chemical treatment, 100% of K14-
Angptl2 Tg without NAC treatment had developed malig-

nant SCC, a condition seen in only 50% of NAC-treated
mice (Fig. 4B, top). The average number of SCC tumors in
NAC-treated K14-Angptl2 Tg decreased to 0.15-fold rela-
tive to untreated Tg mice (Fig. 4B, bottom). The malignant
conversion rate, defined as the ratio of the number of SCCs
to the number of large papillomas (7, 26, 27), in NAC-
treated K14-Angp#/2 Tg mice was lower than that in Tg mice
without NAC treatment (Fig. 4C). In addition, survival of
NAC-treated Tg mice was significantly prolonged relative to
untreated Tg mice (Fig. 4D). Taken together, these results
suggest that increased susceptibility to chemically induced
skin carcinogenesis seen in this model is attributable to
increased ROS production in skin tissues promoted by
Angprl2 overexpression.
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Decreased Msh2 mRNA levels in skin tissues of K14-
Angptl2 Tg mice are ameliorated by NAC treatment

Because inflammation and oxidative stress downregulate
DNA-repair MMR proteins (28, 29), we used quantitative
real-time PCR to determine whether Angptl2 alters the
expression of Msh2, which encodes a MMR protein. Msh2
expression level assessed prior to oncogenic chemical treat-
ment differed in skin tissues of wild-type and K14-Angpz2
Tg mice (Fig. 5A). By 7 weeks after initiation of chemical
application, Msh2 expression levels decreased in skin tissues
of both K14-Angp#/2 Tg and wild-type mice, although that
decrease was significantly greater in tissues from Tg mice
(Fig. 5A). In addition, we found that Msh2 expression in
skin did not decrease in Angp#/2 KO mice following chemical
treatment (Supplementary Fig. S3).

Other DNA repair pathways such as nonhomologous end
joining and homologous recombination could underlie

rescue of DNA damage in chemical skin carcinogenesis.
Therefore, we undertook Western blot analysis to assess
levels of DNA-repair enzymes such as Atm and Atr (double-
or single-strand breaks), Ku-70, and Ku-80 (nonhomolo-
gous end joining), and Rad51 and Brca2 (homologous
recombination) in skin of wild-type, K14-Angpzl2, and
Angptl2 KO mice. We found that, except for Msh2, expres-
sion levels of almost all of these factors were similar between
wild-type and Angpz/2 KO mice or between Angp#/2 Tg and
wild-type mice (Supplementary Figs S4 and S5). These
results suggest that the Angptl2-induced decrease in Msh2
protein levels likely plays an important role in carcinogenesis.

Next, we examined whether decreased Msh2 expression
levels seen in K14-Angprl2 Tg were attributable to increased
ROS production in skin tissues. As noted, at 7 weeks after
initiation of chemical application, Msh2 expression levels in
skin tissues of K14-Anmgpt/2 Tg mice had significantly
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decreased, whereas those decreases were ameliorated in Tg
mice treated with NAC (Fig. 5B; Supplementary Fig. S6).
Protein levels of DNA repair enzymes, except Msh2, were
unchanged by NAC treatment (Supplementary Fig. S6). In
addition, NAC treatment itself did not increase Msh2 tran-
script levels (Supplementary Fig. S7), and decreased Msh2
expression was ameliorated by NAC treatment of both wild-
type and K14-Angptl2 Tg mice at 7 weeks after initiation of
chemical application (Fig. 5B; Supplementary Fig. S7). We
conclude that high Angptl2 levels may suppress Msh2 expres-
sion in skin tissues by increasing ROS production.

Methylation of the Msh2 promoter in skin tissues of K14-
Angptl2 Tg mice decreases following NAC treatment
Oxidative stress has been associated with epigenetic mod-
ifications (30-32). Therefore, we asked whether decreased
Msh2 expression seen in skin tissues of K14-Angpt/2 Tg mice
was due to oxidative stress and subsequent epigenetic mod-
ification of Msh2. To do so, we analyzed Msh2 promoter
methylation using COBRA, which provides reliable quan-
titative results across several DNA methylation levels
(17, 33-35). Analysis of restriction digestion patterns of
genomic DNA isolated from skin tissues of K14-Angptl2 Tg
mice indicated increased methylation frequency at the Msh2
promoter, relative to levels seen in wild-type mice (Fig. 5C).
Quantitative analysis revealed that approximately 60% of
tissue samples from K14-Angprl2 Tg mice showed high
Msh2 promoter methylation, whereas those levels at the
same region of the promoter were seen in only 6.9% of tissue
samples from wild-type mice (Fig. 5D). Representative data
shown in Fig. 5E indicates that M52 promoter methylation
was significantly ameliorated by NAC treatment. Quanti-
tative analysis revealed that NAC treatment decreased Msh2
promoter methylation in skin tissues of K14-Angprl2 Tg
mice (Fig. 5F) to levels indistinguishable from those seen in
wild-type mice (Fig. 5D). We conclude that decreased Msh2
mRNA expression in skin tissues of K14-Angp#/2 Tg mice is

likely attributable to Angptl2-induced oxidative stress and
resultant increased Msh2 promoter methylation.

NAC treatment attenuates Angptl2-induced skin tissue
inflammation in a chemically induced SCC model

We previously reported that, based on levels of the
proinflammatory factors interleukin (IL)-1B and IL-6,
Angptl2 expression levels in skin tissue are correlated with
skin tissue inflammatory status in chemically induced SCC
(7). Therefore, we asked whether NAC treatment altered IL-
1B and IL-6 expression levels. IL-1B and IL-6 expression was
significantly lower in the skin of NAC-treated compared
with untreated Tg mice before chemical application (Fig. 6).
These findings suggest that NAC treatment decreases
inflammation in skin tissues of Tg mice by suppressing
ROS production, and that Angptl2-induced inflammation is
enhanced by oxidative stress.

MSH?2 levels are inversely correlated with ANGPTL2
expression in UV-exposed human skin tissues

Finally, we examined ANGPTL2 and MSH2 expression
in UV-exposed human skin tissues. We found that
ANGPTL2 expression was low, whereas MSH2 expression
was robust in normal skin tissues with minimal sun exposure
(Fig. 7A). Although ANGPTL2 expression fluctuated some-
what in cases of actinic keratosis, MSH2 expression was
inversely correlated with ANGPTL2 expression (Fig. 7B;
Supplementary Fig. $8). In addition, ANGPTL2 expression
was robust and MSH2 expression was weak in tissue of sun-
exposed squamous cell carcinoma (Fig. 7C). These results
suggest that UV exposure induces ANGPTL2 expression,
leading to decreases MSH2 levels in human skin tissues.

Discussion
Our previous findings that K14-Angp#/2 Tg mice do not

show papillomas or carcinomas when mice are treated with a
tumor promoter (PMA) alone (7) indicate that Angpt?2 is
not an oncogene. However, we concluded that increased
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Angptl2 expression in skin tissue increases inflammation and
accelerates carcinogenesis by enhancing susceptibility to
both "pre-neoplastic change” and "malignant conversion."
Our conclusion was based on studies using a skin carcino-
genesis mice model employing DMBA/PMA treatment (7),
a well-characterized model in which an initiating oncogenic
mutation is followed by accumulation of additional onco-
genic mutations (8—10). Findings reported here suggest that
Angptl2 expression induces skin inflammation and likely
accelerates acquisition of oncogenic mutations resulting in
carcinogenesis. In addition, we find that in skin tissues
Angptl2 overexpression correlates with decreased Msh2
expression, likely due to methylation of its promoter region
triggered by ROS accumulation in those tissues. Conversely,
we show that continuous treatment with the antioxidant
NAC reduces ROS accumulation in skin tissues and ame-
liorates decreased Msh2 expression due to epigenetic mod-
ification, decreasing susceptibility to carcinogenesis. Finally,
we report that antioxidant treatment also decreases skin
tissue inflammation in K14-Angp#2 Tg mice by suppressing
ROS production, suggesting that Angptl2-induced inflam-
mation is enhanced under oxidative stress conditions. Over-
all, we conclude that enhanced oxidative stress and chronic
inflammation induced by Angpt2 synergize to increase
susceptibility for carcinogenesis.

Currently, we do not know the mechanism underlying
enhanced ROS production in skin tissue expressing excess
Angpt]2. Our previous report showing chronic inflamma-
tion in skin tissue of K14-Angpt/2 Tg mice demonstrated
infiltration of skin tissue by inflammatory cells, including
activated macrophages and neutrophils (7), both of which
are sources of ROS (36). Angptl2 reportedly activates NE-
B proinflammatory signaling in various cell types (3—
7, 37), which also enhances ROS production (38). Taken
together, Angptl2 secreted from skin tissue of K14-Angp#/2
Tg mice may increase ROS production due to activity of
infiltrated and activated inflammatory cells.

In addition, we demonstrate here decreased AMsh2
expression in skin tissues of K14-Angp#2 Tg mice, most
likely due to methylation of the Msh2 promoter, an
activity significantly improved by NAC treatment. Thus
increased oxidative stress caused by Angpt2 overexpres-
sion may promote Msh2 promoter methylation. Previous-
ly, others have reported that ROS promotes development
of human carcinogenesis through epigenetic regulation of
gene expression (32). For example, ROS-induced oxida-
tive stress reportedly silences promoters of tumor sup-
pressors via hypermethylation (39). In addition, ROS
induces Snail, which activates histone deacetylase 1 and
DNA methyltransferase 1 (40). Moreover, we have
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reported induction of an epithelial-to-mesenchymal tran-
sition (EMT) by increasing Snail mRNA expression and
activating the TGF-B pathway in SCC of K14-Angp#i2 Tg
mice (7), suggesting that Snail functions in Msh2 pro-
moter methylation. Further, ROS promotes phosphory-
lation of the transcription factors c-Jun and ATEF2,
increasing expression of their target genes (41). Interest-
ingly, we reported that c-Jun and ATF2 activity increases
Angptl2 expression (6), suggesting a mechanism through
which ROS might increase Angptl2 expression.

We conclude that Angptl2 accelerates susceptibility to
both "preneoplastic change” and "malignant conversion”
by activating a cycle of chronic Inflammation and oxi-
dative stress in the premalignant tissue microenvironment
(Supplementary Fig. §9). More recently, we observed that
spontaneous carcinogenesis is significantly decreased in
Angpti2 KO compared with wild-type mice (our unpub-
lished data), suggesting that Angptl2 contributes not only
to chemically induced carcinogenesis but also to various
types of spontaneous cancers. Overall, our findings sug-
gest that Angptl2 represents a target to develop new
strategies to antagonize these activities in premalignant
tissue.
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Serum levels of leptin receptor in patients with malignant

melanoma as a new tumor marker
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Abstract: Leptin is known to be abnormally expressed in a variety
of cancers, and leptin receptors have been reported to be
expressed on human melanoma cells. In this study, we evaluated
the possibility that the serum levels of leptin receptor could be a
tumor marker of malignant melanoma (MM). Serum samples
were obtained from 71 patients with MM, and the serum levels of
leptin receptor were measured by double-determinant ELISA.
Interestingly, serum levels of leptin receptor decreased gradually
with the stages of MM, being highest at in situ and lowest at stage

IV. There was also a trend of reverse correlation between tumor
thickness and serum levels of leptin receptor. To our knowledge,
this is the first report investigating the serum levels of leptin
receptor in MM, and serum leptin receptor levels may be used as
a useful tumor marker of MM.

Key words: leptin — leptin receptor — malignant melanoma — tumor
marker
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Background

Malignant melanoma (MM) is an aggressive neoplasm that can be
fatal, especially if it metastasizes. Therefore, it is very important to
reduce the fatality rate by early diagnosis and better diagnostic
tools. However, there are few tumor markers for MM.

Leptin has been identified as a central mediator that regulates
energy intake and expenditure, including appetite, metabolism
and fat storage (1). Epidemiological studies have indicated that
obesity is associated with a higher risk for certain cancers caused
by elevated levels of adipocyte-derived hormones. It has been
reported that leptin is overexpressed in ovarian cancer (2) and
breast cancer (3,4). On the other hand, leptin inhibits hepatocellu-
lar carcinoma proliferation (1,5).

Several papers have reported the relationship between leptin
and MM. The risk for developing MM was found to be positively
associated with serum levels of leptin and inversely with healthy
lifestyle factors (6). Melanoma tumor growth may be accelerated
by leptin (7).

Questions addressed

In this study, we first investigated the serum levels of leptin recep-
tor in patients with MM and evaluated the possibility that serum
levels of leptin receptor could be a useful marker for MM.
Experimental design

Serum samples were obtained from 71 patients with MM (33
men, 38 women). Control serum samples were also collected from
16 healthy volunteers. Human leptin receptors in the sera of
patients with MM were measured using a commercial kit (Human
Leptin Receptor ELISA; BioVendor R & D, Brno, Czech Republic).
The detailed methodologies are described in the Data S1.

Results

Serum levels of leptin receptor in patients with MM were classified
based on the American Joint Committee on Cancer (AJCC) stag-
ing (Fig. 1a). There were significant differences in the values
between healthy controls and the patients with stage III MM or
those with stage IV. Serum levels of leptin receptor decreased

gradually with the stages of MM, being highest at in situ and low-
est at stage IV. There was a significant difference in the values
between healthy controls and the patients with invasive MM of all
subtypes (Fig. 1b). When the patients were classified into mela-
noma subtypes, serum levels of leptin receptor in patients with
nodular melanoma and mucosal MM were significantly lower than
those with acral lentiginous melanoma or those with lentigo mal-
igna melanoma. When the patients with MM were divided into
two groups according to the tumor thickness (<2 mm or
>2 mm), there was significant difference in the serum levels of
leptin receptor between the two groups (P = 0.0016) (Figure S1).
The rates of decreased serum leptin receptor concentrations
under the cut-off value were higher than those of increased serum
5-S-CD concentrations in patients with stage in sity, III and IV
MM patients and in all MM patients (Table 1). When the cut-off
value was set at the mean — 2SD of the healthy controls, decreased
serum levels of leptin receptor were found in 28 of the 71 MM
patients (39.4%). The sensitivities of decreased serum leptin recep-
tor levels in stage in situ, III and IV patients were 25.0%, 75.0%
and 100%, respectively. The area under the curves was 0.714 (95%
CI, 0.59 to 0.84) (Figure S2). Serum samples were obtained from
six MM patients who had experienced excisions of primary mela-
noma but who had developed a recurrence during the follow-up
period. We found in 5 of the 6 patients that the serum levels were
decreased at the point of recurrence (Figure S3). These results sug-
gested that the serum levels of leptin receptor might serve as a
useful biomarker for the detection of melanoma.
Conclusions
Serum levels of leptin are closely correlated with adiposity in
humans (8,9). In this study, serum levels of leptin receptor did not
show any correlation with BMI in patients with melanoma (data not
shown). In the setting of obesity, the body becomes resistant to the
effects of leptin, resulting in paradoxical weight gain in the setting of
high levels of circulating leptin (10). It has been shown that there is
strong negative correlation between serum levels of leptin and leptin
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Figure 1. (a) Serum levels of leptin receptor in patinents with malignant
melanoma (MM) in situ, patients with MM stages | — IV and normal subjects (NS).
Bars show means. Staging was based on AJCC classification. Serum leptin receptor
levels were measured with ELISA. (b). The serum levels of leptin receptor measured
by ELISA in patients with different malignant melanoma (MM) subtypes {28 had
acral lentiginous MM (ALM), 11 had lentigo maligna MM (LMM), 12 had superficial
spreading MM (SSM), 12 had nodular MM (NM) or 6 had mucosal MM} and in
normal subjects (NS). Bars show means. Serum leptin receptor levels were
measured with ELISA. The Mann-Whitney test was used for analysis.

receptor in patients with non-alcoholic fatty liver disease (11). These
findings point out to insulin resistance as a potentially independent
risk factor for melanoma (12). Leptin receptor was expressed on
human melanoma cells (13). In this study, we expected that there
was a significant increase in serum leptin receptor levels in patients
with MM. Surprisingly, the serum levels of leptin receptor decreased
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gradually from stage I to stage IV. The mechanism is not clear yet,
but we speculate that there may be negative feedback mechanism
regulating the expression of leptin receptor. The expression of leptin
receptor might decrease in normal cells, even though melanoma cells
express leptin receptor. Similar results were also observed in breast
cancer (6). On the other hand, there have been previous reports
showing the opposite results (14, 15). Additionally, the expression
levels of leptin receptor in the culture medium of human melanoma
cell lines were relatively low (Figure S4). These results are consistent
with our findings that the serum levels of leptin receptor decreased
gradually with the stages of MM, being highest at in situ and lowest
at stage IV. Furthermore, we examined serum levels of leptin recep-
tor in 16 patients with cutaneous angiosarcoma. There was no sig-
nificant difference in serum levels of leptin receptor in the patients
with cutaneous angiosarcoma with or without metastasis (data not
shown). Serum levels of leptin receptor with disease progression
might vary in the types of cancers.

In conclusion, we showed the possibility that leptin receptor is
associated with the progression of MM. Our results may provide
clues to clarify the pathogenesis of MM.

Acknowledgements

This work was supported by JSPS Grant-in-Aid for Young Scientists (B)
23791280 and the National Cancer Center Research and Development
Fund (23-A-22).

Author contributions

H. Mizutani performed the experiments, analysed the data and wrote the
manuscript. S. Fukushima designed the research study and wrote the manu-
script. S. Masuguchi, J. Yamashita, A. Miyashita and S. Nakahara contributed
to the experiments using cultured cells and the data analysis. J. Aoi, Y. Inoue
and M Jinnin gave excellent scientific suggestion and contributed to writing
the manuscript. H. Thn contributed to the design of the experiments.
Conflict of interest

The authors have declared no conflicting interests.

Figure S1. Serum levels of leptin receptor in patients
with MM with tumor thickness <2 mm and those with

2 Ptak A, Kolaczkowska E, Gregoraszczuk E L.
Endocrine 2013: 43: 394-403.

3 Barone |, Catalano S, Gelsomino L et al. Can-
cer Res 2012: 72: 1416-1427.

4 Jeong Y J, Bong J G, Park S H et al. J Breast
Cancer 2011: 14: 96-103.

5 Wang SN, Lee KT, Ker C G. World J Gastro-
enterol 2010: 16: 5801-5809.

6 Gogas H, Trakatelli M, Dessypris N et al. Ann
Oncol 2008: 19: 384-389.

7 Brandon E L, GuJ W, Cantwell L et al. Cancer
Biol Ther 2009: 8: 1871-1879.

8 Xue K, Liu H, Jian Q et al. Exp Dermatol 2013:
22: 406-410.

9 Gerdes S, Osadtschy S, Rostami-Yazdi M et al.
Exp Dermatol 2012: 21: 43-47.

11 Huang X D, Fan Y, Zhang H et al. World J Gas-
troenterol 2008: 14: 2888-2893.

12 Antoniadis A G, Petridou E T, Antonopoulos C
N et al. Melanoma Res 2011: 21: 541-546.

13 Ellerhorst J A, Diwan A H, Dang S M et al.
Oncol Rep 2010: 23: 901-907.

14 Ishikawa M, Kitayama J, Nagawa H et al. Clin
Cancer Res 2004: 10: 4325-4531.

15 Horiguchi A, Sumitomo M, Asakuma J et al. J
Urol 2006: 176: 1631-1635.

Supporting Information

Additional Supporting Information may be found in
the online version of this article:
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Figure S2. ROC curves for expressions of leptin
receptor to distinguish the patients with MM from the
healthy controls.

Figure S3. The longitudinal study of serum leptin
receptor levels in six MM patients who had experienced
excisions of primary melanoma but who had developed
a recurrence during the follow-up period.

Figure S4. Four kinds of human melanoma cells
(MM-LH, 164mel, SK-MEL28, MeWo) were cultured
(10° cells/well in 200 pl, 48 h) in 96-well culture plates
and the culture medium was measured by double-
determinant ELISA.

Data S1. Supplemental methods.
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Human T-lymphotropic virus type-1 (HTLV-1) belongs to the
Deltaretrovirus genus of the Orthoretrovirinae subfamily and
infects 10-20 million people worldwide. HTLV-1 can be trans-
mitted through sexual contact, intravenous drug use, and
breastfeeding from mother to child. The infection is endemic
in southwest Japan, the Caribbean, sub-Saharan Africa, South
America, with smaller foci in Southeast Asia, South Africa, and
northeastern Iran. HTLV-1 was initially isolated in 1980 from
two T-cell lymphoblastoid cell lines and the blood of a patient
originally thought to have a cutaneous T-cell lymphoma. It was
the first human retrovirus ever associated with a human cancer.
Three years before the isolation of HTLV-1, a Japanese group
reported adult T-cell leukemia (ATL), a rare form of leukemia
endemic to southwest Japan, as a distinct clinical entity. In
1981, the same group demonstrated that ATL was caused by a
new human retrovirus originally termed 'ATLV'. Later, ATLV
and HTLV have been shown to be identical, and a single
name HTLV-1 has been adopted. In the mid-1980s, epidemio-
logical data linked HTLV-1 infection with a chronic progressive
neurological disease, which was termed ‘tropical spastic para-
paresis (TSP)' in the Caribbean and ‘HTLV-1 associated
myelopathy (HAM)' in Japan. HTLV-1-positive TSP and HAM
were subsequently found to be dlinically and pathologically
identical and the disease was given a single designation as
HAM/TSP. HTLV-1 can cause other chronic inflammatory
diseases such as uveitis, arthropathy, pulmonary lymphocytic
alveolitis, polymyositis, Sjogren syndrome, and infective
dermatitis. Only approximately 2-3% of infected persons
develop ATL and another 0.25-4% develop chronic inflamma-
tory diseases, while the majority of infected individuals remain
lifelong asymptomatic carriers (ACs). Thus, the viral, host, and
environmental risk factors, as well as the host immune
response against HILV-1 infection, appear to regulate in the
development of HTLV-1-associated diseases. For over two
decades, the investigation of HTLV-1-mediated pathogenesis
has focused on Tax, an HTLV-1-encoded viral oncoprotein.
Tax activates many cellular genes by binding to groups of
transcription factors and coactivators and is necessary and suf-
ficient for cellular transformation. However, recent reports have

identified another regulatory protein, HTLV-1 basic leucine
zipper factor (HBZ), that plays a critical role in the develop-
ment of ATL and HAM/TSP.

HTLV-1-Associated Diseases
Adult T-cell leukemia

ATL is a fatal malignancy of mature CD4+ T cells. It arises in
only a small proportion of HTLV-1-infected people (1-5% of
infected individuals) after long latency periods following pri-
mary infection. ATL shows diverse clinical features, but can be
divided into four clinical subtypes: smoldering, chronic,
lymphoma, and acute. Each subtype is directly correlated with
the prognosis of patients: the smoldering and chronic types are
indolent, while the acute and lymphoma types are aggressive
and characterized by resistance to chemotherapy and poor
prognosis. Development of ATL is characterized by infiltration
of various tissues with circulating ATL cells, called ‘flower cells’,
which have conspicuous lobulated nuclei. These cells cause
further symptoms induding lymphadenopathy, lytic bone
lesions, skin involvement, hepatosplenomegaly, and hypercal-
cemia. Laboratory findings of ATL patients typically reveal a
marked leukocytosis, hypercalcemia, high serum levels of
lactate dehydrogenase (LDH), and a soluble form of
interleukin-2 receptor (IL-2R). In cohort studies of HTLV-1
carriers, the risk factors for ATL appeared to include vertical
infection (mother to child transmission), male gender, older
age, and increasing numbers of abnormal lymphocytes. Since
ATL occurs mainly in vertically infected individuals, but not in
those who become infected later in life, the impairment of
HTLV-1-specific T-cell responses caused by vertical HTLV-1
infection has been suggested as a possible cause of disease
development. The HTLV-1-specific cytotoxic T-cell (CTL)
responses from ATL patients are significantly lower than that
of HAM/TSP patients. However, insufficient HITLV-1-specific
T-cell responses might also occur during and after the onset of
ATL. Although ATL has a poor prognosis, recent advances in its
treatment have led to significant gains in response rates and
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survival. Accumulating evidence suggests that allogeneic bone
marrow transplantation and allogeneic peripheral blood
stem cell transplantation are potent therapies for aggressive
ATL (i.e., the acute and lymphoma type). The combination of
the antiretroviral agent zidovudine (AZT) and interferon-alfa
(IFN-0) is also beneficial for overall survival in smoldering and
chronic (i.e., indolent) ATL, although its efficacy has not yet
been confirmed in well-designed prospective studies.

Since the discovery of HTLV-1, the viral transactivator Tax
has been viewed as critical for leukemogenesis, due to its pleio-
tropic effects on both viral and many cellular genes responsible
for cell proliferation, genetic instability, dysregulation of the
cell cycle, and apoptosis. However, Tax expression is not
detected in about 60% of freshly isolated samples from ATL
cases. Recently, the expression of another regulatory protein,
HBZ, has been reported in association with all ATL cases. This
protein, which is encoded in the minus or antisense strand of
the virus genome, promotes proliferation of ATL cells and
induces T-cell lymphomas in CD4+ T cells by transgenic expres-
sion, indicating involvement of HBZ expression in the
development of ATL. In addition, among the HTLV-1-encoded
viral genes, only the HBZ gene sequence remains intact, unaf-
fected by nonsense mutations and deletion. Thus, HBZ
expression is indispensable for proliferation and survival of
ATL cells and HTLV-1-infected cells, and Tax expression is not
always necessary for the development of ATL.

HTLV-1-Associated Myelopathy/Tropical Spastic Paraparesis

HAM/TSP is a chronic progressive myelopathy characterized
by spastic paraparesis, sphincter dysfunction, and mild sensory
disturbance in the lower extremities. In addition to
neurological symptoms, some HAM/TSP cases also exhibit
autoimmune-like disorders, such as uveitis, arthritis,
T-lymphocyte alveolitis, polymyositis, and Sjégren syndrome.
To date, more than 3000 cases of HAM/TSP have been reported
in HTLV-1l-endemic areas. Sporadic cases have also been
described in nonendemic areas such as the United States and
Europe, mainly in immigrants from an HTLV-1-endemic area.
The lifetime risk of developing HAM/TSP is different among
ethnic groups, ranging between 0.25% and 4%. The annual
incidence of HAM/TSP is higher among Jamaican subjects
than among Japanese subjects (20 vs. three cases/100000
population), with a 2 to 3 times higher risk for women in
both populations. The period from initial HTLV-1 infection to
the onset of HAM/TSP is assumed to range from months to
decades, a shorter time than for ATL onset. HAM/TSP occurs
both in vertically infected individuals and in those who
become infected later in life (i.e., through sexual contact
(almost exclusively from male to female), intravenous drug
use, contaminated blood transfusions, etc.). The mean age at
onset is 43.8 years and, like other autoimmune diseases, the
frequency of HAM/TSP is higher in women than in men
(the male to female ratio of occurrence is 1:2.3).

The essential histopathological feature of HAM/TSP is a
chronic progressive inflammation in the spinal cord, predomi-
nantly at the thoracic level. The loss of myelin sheaths and
axons in the lateral, anterior, and posterior columns is asso-
ciated with perivascular and parenchymal lymphocytic

infiltration, reactive astrocytosis, and fibrillary gliosis. In addi-
tion to HTLV-1 antibody positivity, other laboratory findings of
HAM/TSP include the presence of atypical lymphocytes (the
so-called flower cells) in peripheral blood and cerebrospinal
fluid (CSF), a moderate pleocytosis, and raised protein content
in CSF. Oligoclonal bands, raised concentrations of inflamma-
tory markers such as neopterin, tumor necrosis factor (TNF)-a,
IL-6 and IFN-y, and an increased intrathecal antibody synthesis
specific for HTLV-1 antigens have also been described in CSF of
HAM/TSP patients.

A previous population association study in HTLV-1 ende-
mic in southwest Japan revealed that one of the major risk
factors is the HTLV-1 proviral load (PVL), as the PVL is signifi-
cantly higher in HAM/TSP patients than in ACs. A high PVL was
also associated with an increased risk of progression to disease.
Higher PVL in HAM/TSP patients than in ACs was also
observed in other endemic areas such as the Caribbean, South
America, and the Middle East. In southwest Japan, an associa-
tion was suggested between possession of the HLA-class I genes
HLA-A*02 and Cw*08 and a statistically significant reduction
in both PVL and the risk of HAM/TSP. By contrast, possession
of HLA-class I HLA-B*5401 and class Il HLA-DRB1*0101 pre-
disposed patients in the same population to HAM/TSP. Since
the function of class I HLA proteins is to present antigenic
peptides to CTL, these results imply that individuals with
HLA-A*02 or HLA-Cw*08 mount a particularly efficient CTL
response against HTLV-1, which may be an important determi-
nant of HTLV-1 PVL and the risk of HAM/TSP.

To date, no generally agreed standard treatment regimen
has been established for HAM/TSP, as no treatment for HAM/
TSP has proven to be consistently effective and long term.
Therefore, current clinical practice for treatment of HAM/TSP
is based on case series and open, nonrandomized uncontrolled
studies. Although mild to moderate beneficial effects have been
reported with corticosteroids, immunosuppressants, high-dose
intravenous gammaglobulin, antibiotics (erythromycin and
fosfomycin), and vitamin C, the clinical benefits are only tran-
sient and limited. The complications of steroid use limit their
use particularly in postmenopausal females, who are at higher
risk of developing HAM/TSP. Only three randomized
placebo-controlled trials have been conducted for HAM/TSP
treatment. These studies indicate that IFN-a is an effective
therapy, with an acceptable side-effects profile. By contrast,
no evidence yet exists of any benefit of zidovudine plus lami-
vudine for treating HAM/TSP. More dinical trials with
adequate power are needed in the future.

Other HTLV-1-Associated Diseases

HTLV-1 has been implicated in the pathogenesis of
other inflammatory disorders such as uveitis, arthropathy,
infective dermatitis, pulmonary lymphocytic alveolitis, poly-
myositis, Sjogren syndrome, and autoimmune thyroid
diseases, based on the higher HTLV-1 PVL and the higher
seroprevalence in patients than in ACs. However, direct evi-
dence for an association between these disorders and HTLV-1
infection is still lacking. Nonetheless, HTLV-1 may be a sig-
nificant trigger for the development of these autoimmune
disorders.
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Abstract

Background: OX40 is a member of the tumor necrosis factor receptor family that is expressed primarily on
activated CD4" T cells and promotes the development of effector and memory T cells. Although OX40 has been
reported to be a target gene of human T-cell leukemia virus type-1 (HTLV-1) viral transactivator Tax and is
overexpressed in vivo in adult T-cell leukemia (ATL) cells, an association between OX40 and HTLV-1-associated
inflammatory disorders, such as HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP), has not yet
been established. Moreover, because abrogation of OX40 signals ameliorates chronic inflammation in animal
models of autoimmune disease, novel monoclonal antibodies against OX40 may offer a potential treatment for
HTLV-1-associated diseases such as ATL and HAM/TSP.

Results: In this study, we showed that OX40 was specifically expressed in CD4* T cells naturally infected with HTLV-1
that have the potential to produce pro-inflammatory cytokines along with Tax expression. We also showed that OX40
was overexpressed in spinal cord infiltrating mononuclear cells in a clinically progressive HAM/TSP patient with a short
duration of illness. The levels of the soluble form of OX40 (sOX40) in the cerebrospinal fluid (CSF) from chronic
progressive HAM/TSP patients or from patients with other inflammatory neurological diseases (OINDs) were not
different. In contrast, sOX40 levels in the CSF of rapidly progressing HAM/TSP patients were higher than those in the
CSF from patients with OINDs, and these patients showed higher sOX40 levels in the CSF than in the plasma. When
our newly produced monoclonal antibody against OX40 was added to peripheral blood mononuclear cells in culture,
HTLV-1-infected T cells were specifically removed by a mechanism that depends on antibody-dependent cellular
cytotoxicity.

Conclusions: Our study identified OX40 as a key molecule and biomarker for rapid progression of HAM/TSP.
Furthermore, blocking OX40 may have potential in therapeutic intervention for HAM/TSP.
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Background
Human T-cell leukemia virus type 1 (HTLV-1) was the
first human oncogenic retrovirus to be identified and
associated with distinct human diseases such as adult
T-cell leukemia (ATL) [1,2] and HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP)
[3,4]. HAM/TSP is a chronic progressive myelopathy
characterized by spastic paraparesis, sphincter dysfunc-
tion, and mild sensory disturbance in the lower extrem-
ities [5]. In addition to neurological symptoms, some
HAMY/TSP patients also exhibit autoimmune-like disor-
ders such as uveitis, arthritis, T-lymphocyte alveolitis,
polymyositis, and Sjogren syndrome [6]. Major patho-
logical features of HAM/TSP are chronic inflammation of
the spinal cord, characterized by perivascular lymphocytic
cuffing and parenchymal lymphocytic infiltration that
includes HTLV-1-infected CD4" T cells [7]. In HAM/TSP
patients, the median HTLV-1 proviral load (PVL), which
reflects the in vivo number of HTLV-1-infected lympho-
cytes, is more than 10 times higher than that in asymp-
tomatic carriers (ACs) [8]. An increase in PVL typically
coincides with worsening of clinical symptoms [9]. In-
creased concentrations of inflammatory markers such as
neopterin [10], tumor necrosis factor (TNF)-qa, interleukin
(IL)-6, and interferon (IFN)-y [11], and increase in HTLV-
1 antigen-specific intrathecal antibody synthesis [12] have
been observed in the cerebrospinal fluid (CSF) of HAM/
TSP patients. More recently, it has been reported that
IFN-stimulated genes were overexpressed in circulating
leukocytes and the expression correlated with the clinical
severity of HAM/TSP [13]. These findings indicate that a
pro-inflammatory environment, associated with increased
numbers of HTLV-1-infected cells, is a characteristic im-
munologic profile of HAM/TSP.

0X490, also known as CD134 or TNFRSF4, is a member
of the TNF co-stimulatory receptor family and is expressed
on activated T cells [14]. OX40 is specifically up-regulated
by the HTLV-1 viral transactivator Tax [15,16]. The ligand
of OX40 (OX40L), which belongs to the TNF superfamily,
was first identified as glycoprotein 34 (gp34) on HTLV-
1-transformed cells [17], and it was later found to bind
0X40 [18]. OX40-OX40L interactions alter the activity
and differentiation of many kinds of immune cells, includ-
ing regulatory T cells (Tregs), T cells, antigen-presenting
cells (APCs), natural killer (NK) cells, and natural killer T
(NKT) cells [14]. Previous studies have reported that OX40
is constitutively expressed in ATL cells and participate in
cell adhesion [19]. Specifically, OX40 and OX40L directly
mediate the adhesion of activated normal CD4" T cells, as
well as HTLV-1-transformed T cells, to vascular endothe-
lial cells [20]. Immunohistochemical staining of skin biopsy
specimens from ATL patients also showed constitutive
expression of OX40, suggesting its role in leukemic cell
infiltration, in addition to in vivo cell adhesion [19].
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Recent research has also shown the importance of
0OX40-OX40L interactions in the development of immune-
mediated diseases. In particular, a strong reduction in dis-
ease severity or a complete lack of disease has been
reported when OX40 or OX40L is absent or neutralized in
animal models of multiple sclerosis (MS) [21], allergic
asthma [22], colitis [23], diabetes [24], arthritis [25], athero-
sclerosis [26], graft versus host disease [27], and allograft
rejection [28]. Although HTLV-1 causes an aggressive T
cell malignancy (i.e, ATL) and chronic inflammatory dis-
eases such as HAM/TSP, an association of OX40 with the
inflammatory diseases observed in HTLV-1-infected indi-
viduals has not yet been established.

In this study, we investigated the expression of OX40 in
HAM/TSP patients and found that the increased expres-
sion of OX40 is associated with the rapidly progressive
disease. We also used an in-house monoclonal antibody
(mAD) against human OX40 to test the potential of OX40
as a target molecule for immunotherapy.

Results

Tax-dependent constitutive expression of OX40 in
HTLV-1-infected T cells

0OX40 and OX40L have been reported to be overexpressed
in HTLV-1-infected human T-cells lines [15,19,20]. These
findings were obtained using northern blot or western blot
analysis using whole cells; hence, our first aim was to con-
firm and extend these findings at the single-cell level using
flow cytometry. Therefore, we used mAbs against human
OX40 (clone B-7B5) and human OX40L (clone 5A8) pro-
duced in our laboratory. We analyzed six HTLV-1-infected
human T-cell lines (HUT-102, MT-1, MT-2, MT-4, SLB-1,
and C5/M]J). C5/M]J, SLB-1, and MT-4 cells have not been
previously tested for OX40/OX40L expression. As shown
in Figure 1A, expression levels were different in each cell
line: OX40 was overexpressed on the surface of the Tax
positive (Tax+) T-cell lines (HUT-102, MT-2, MT-4, SLB-1,
and C5/MyJ), but OX40 was not expressed on the surface of
the Tax negative (Tax-) MT-1 cell line or the uninfected
T cell line (CEM-OX40L). Consistent with previous
studies, these findings suggested that OX40 expression
is Tax dependent. In contrast, OX40L was not always
expressed on the surface of HTLV-1-infected human T-cell
lines or on the uninfected T cell line (CEM-OX40), irre-
spective of Tax expression (Figure 1B).

Next, we confirmed whether OX40 and OX40L protein
expression on the cell surface is induced by Tax at the
single-cell level by flow cytometry. We used JPX-9 cells
[29], a Jurkat (HTLV-1 negative human T cell leukemia
cell line) subclone generated by stable transfection of a
functional Tax expression-plasmid vector, and induced
Tax expression by adding CdCl, into the culture medium
(final concentration: 10 uM). As shown in Figure 1C,
treatment of JPX-9 cells with CdCl, induced expression of
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Figure 1 Tax-dependent constitutive expression of OX40 in HTLV-1-infected T-cell lines and Tax-inducible JPX-9 cell line.

A. Representative histograms of OX40 expression in 6 HTLV-1 infected T-cell lines (HUT-102, MT-1, MT-2, MT-4, C5/MJ, SLB-1) and two
HTLV-1-uninfected T-cell lines (CEM-OX40L and CEM-OX40). Shaded histograms represent the isotype control. Tax+ or Tax- means whether these
cells express Tax (Tax+) or not (Tax-). B. Representative histograms of OX40L expression in 6 HTLV-1 infected T-cell lines (HUT-102, MT-1, MT-2,
MT-4, C5/MJ, SLB-1) and two HTLV-1-uninfected T-cell lines (CEM-OX40L and CEM-OX40). Shaded histograms are isotype controls. C. Flow
cytometric analysis of expression of OX40 after induction of Tax in JPX-9 cells. D. Flow cytometric analysis of expression of OX40L after induction
of Tax in JPX-9 cells. E. Soluble OX40 and OX40L levels in cell culture supernatant and cell lysate from 6 HTLV-1 infected T-cell lines (HUT-102,
MT-1, MT-2, MT-4, C5/MJ, SLB-1) and three HTLV-1-uninfected T-cell lines (CEM-mock, CEM-OX40L and CEM-OX40). F. Soluble OX40 and OX40L
levels in cell culture supernatant and cell lysate from JPX-9 cell line treated with CdCl, along with the induction of viral transactivator Tax.

S

Tax, and OX40 was expressed exclusively in cells that also
expressed Tax. In contrast, OX40L was not expressed in
JPX-9 cells even after 96 hours post Tax-induction
(Figure 1D).

Previous reports indicated that the soluble forms of
0OX40 (sOX40) and OX40L (sOX40L) were detectable in
serum of patients with autoimmune disease and cancer
[30,31]. We therefore examined whether sOX40 and
sOX40L levels were elevated in culture supernatants
from HTLV-1 infected T-cell lines and JPX-9 cells before
and after induction of Tax. In agreement with our flow
cytometry data (Figure 1A), sOX40 was detected in both
culture supernatants and cell lysates of Tax positive C5/
MJ, HUT102, MT-2, MT-4, and SLB-1 cells (Figure 1E,
gray bar). However, sOX40L was not detected in culture
supernatants of any of the samples tested, but it was
readily detectable in cell lysates of Tax positive C5/M],
MT-2, MT-4 and SLB1 cells (Figure 1E, light gray bar).
We next examined whether soluble OX40 and OX40L
are induced by Tax in JPX-9 cells. Addition of CdCl, to
the culture medium of JPX-9 cells resulted in a con-
comitant increase in sOX40 expression within 24 hours,
indicating a strong correlation and functional link be-
tween Tax and sOX40 expression (Figure 1F, left panel).
Interestingly, although OX40L was already present be-
fore induction of Tax, OX40L expression was increased
after 24 hours but was never released into the culture
supernatant as sOX40L within 120 hours after induction
of Tax (Figure 1F, right panel).

Functional OX40 is specifically expressed on the surface
of T cells naturally infected with HTLV-1 that have the
potential to produce pro-inflammatory cytokines

Next, we tested whether OX40 or OX40L expression is
also activated in naturally infected T cells isolated dir-
ectly from HTLV-1-infected individuals. PBMCs were
collected from three non-infected controls (NCs), three
ACs, and four HAM/TSP patients. PBMCs were isolated
from blood samples and harvested directly, or after a 16-
hour in vitro cultivation in the absence of any growth
factors or mitogens. After harvesting, cell samples were
fixed and processed for concomitant detection of Tax,
0X40, or OX40L, and CD4 expression by flow cytome-
try. Similar to the findings for JPX-9 cells, OX40 was

detected with an anti-OX40 mAb (clones B-7B5) after
16 hours of in vitro cultivation (Figure 2A), but OX40L
was not detected in cultured PBMCs from a HAM/TSP
patient (HAM/TSP1) (Figure 2B). Figure 2C shows that
the Tax protein was detected in CD4" T cells after culti-
vation. Similar to the JPX-9 cell experiments, OX40 was
expressed almost exclusively in the naturally infected
CD4" T cells that also expressed Tax (Figure 2D). Similar
findings were observed in all samples tested, irrespective of
disease status (i.e, HAM/TSP or ACs) (Additional file 1:
Figure S1 and Additional file 2: Table S1). The cells from
NCs did not express either OX40 or Tax in CD4" T cells,
before or after cultivation (data not shown). Real time RT-
PCR also showed that mRNA expression of HTLV-1 tax
and OX40 in CD4" T cells was increased after cultivation,
both in HAM/TSP patients and ACs (Figure 2E).

It has recently been reported [32], that the expression
of another co-stimulatory member of the TNFR family,
4-1BB, is also up-regulated ex vivo in CD4" T cells from
HTLV-1-infected individuals, and it was found to be cor-
related with Tax expression (Additional file 1: Figure
S2A and B). However, the expression of OX40 is more
specific for Tax*CD4" cells than 4-1BB (Figure 2D and
Additional file 1: Figure S2C).

Next, we sought to determine if OX40, expressed on the
surface of Tax*CD4" T cells from HTLV-1-infected indi-
viduals, is functional. We incubated aliquots of Fc-blocked
PBMC:s with biotinylated recombinant soluble OX40L at a
concentration of 2.5 mg/ml for 30 min on ice. Cells were
then fixed and processed for concomitant detection of Tax,
CD4, and PE-streptavidin by flow cytometry. As shown in
Additional file 1: Figure S3, the frequency of CD4" T cells
that were positively stained with biotinylated recombinant
soluble OX40L and PE-streptavidin was similar to the per-
centage of CD4" T cells stained by anti-OX40 mAb, indi-
cating that these cells expressed functional OX40.

We further analyzed if CD4*OX40" T cells in HAM/
TSP patients were capable of producing the inflamma-
tory and neurotoxic cytokines, IFN-y and TNF-«, which,
according to the bystander damage hypothesis, could
cause central nervous system (CNS) inflammation and
demyelination seen in HAM/TSP patients [33,34]. The
frequency of pro-inflammatory cytokine positive cells
within the OX40*CD4" and Tax*CD4* populations from
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Figure 2 (See legend on next page.)
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Figure 2 OX40 is specifically expressed on the surface of T cells naturally infected with HTLV-1 that have the potential to produce pro-
inflammatory cytokines. A. OX40 was detected on CD4™ T cells of HAM/TSP patient with anti-OX40 mAb (clones B-7B5) after 16 hours in vitro
cultivation in the absence of any growth factors or mitogen. B. OX40L was not detected on CD4* T cells of HAM/TSP patient with anti-OX40L
mAb (clones 5A8) after 16 hours in vitro cultivation in the absence of any growth factors or mitogen. C. Tax protein was detected in CD4* T cells
of HAM/TSP patient after 16 hours in vitro cultivation. D. OX40 was expressed almost exclusively in naturally infected CD4* T cells that also
expressed Tax in HAM/TSP patient. E. Both HTLV-1 tax and OX40 mRNA expression in CD4* T cells was increased after 16 hours in vitro
cultivation. F. The frequency of pro-inflammatory cytokine positive cells within the OX407CD4* and Tax*CD4* populations from HTLV-1 infected
individuals are significantly higher than OX40°CD4* and Tax'CD4" T cells, respectively (p<0.001, Student'’s t- test). One representative experiment
of HAM/TSP patient (HAM/TSP1) is shown.
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Figure 3 Increased expression of OX40 in vivo in rapidly progressive HAM/TSP patients. A. The plasma levels of soluble OX40 (sOX40)
measured by ELISA. The plasma levels of sOX40 in typical HAM/TSP patients (chronic HAM: n=20), asymptomatic carriers (ACs: n=9) and normal
uninfected healthy controls (NCs: n=13). B. No correlation between the plasma levels of sOX40 and HTLV-1 proviral load (tax copies/
10,000PBMCs) from 29 HTLV-1 infected individuals (20 chronic HAM/TSP patients and 9 ACs). Data were analyzed by Spearman rank correlation.
C. The cerebrospinal fluid (CSF) levels of sOX40 in rapidly progressive HAM/TSP patients (n=3), chronic HAM/TSP patients (n=22) and other
neurological diseases including multiple sclerosis (MS) (n=12), aseptic meningitis (n=8), systemic lupus erythematosus (SLE) with neurological
manifestations (n=5), chronic inflammatory demyelinating polyneuropathy (CIDP) (n=9), Guillain-Barré syndrome (GBS) (n=6), and amyotrophic
lateral sclerosis (ALS) (n=9). Chronic HAM/TSP means typical cases fulfilling diagnostic criteria and rapidly progressive HAM/TSP is defined by
patients’ incapacity to walk unaided within three months after symptoms’ onset. D. The levels of sOX40 in the CSF from HTLV-1 infected other
inflammatory neurological diseases (HTLV-1+ OINDs), ie. any inflalmmatory neurological disorders except for HAM/TSP which occurred in HTLV-1
infected individuals, was not significantly different from that of chronic HAM/TSP, whereas the levels of sOX40 from HTLV-1+ OINDs was
significantly increased than that of non-infected OINDs (HTLV-1- OINDs). HTLV-1+ OINDs: 1 multiple sclerosis (MS), 1 SLE with neurological
manifestations, 4 aseptic meningitis. HTLV-1- OINDs: 9 MS, 5 SLE with neurological manifestations, 7 CIDP, 5 GBS.
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