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Figure 9 Detection of the env-pX transgene by nested polymerase
chain reaction (PCR). One thousand lymphocytes accumulating at
arthritic joints were dissected from formalin-fixed, paraffin-
embedded sections, and then nested PCR was performed
according to methods described by Fugo et 4l. (2002). Lane L:
100 bp molecular marker. Lanes 2 and 3: samples from t/wB/CII
rats at 4 weeks after type II collagen (CII} immunization. Lanes
4-6: samples from t/wB/CII rats at 16 weeks after CII

immunization. Lane 7: a positive control sample from naturally
occurred arthritis in env-pX rats.

100bp

weeks after CIl immunization. At 16 weeks after immuniza-
tion, the score of t'wB/CI rats (2.25+1.58) was signifi-
cantly higher than that of wiB/CII rais (0.60=0.70)
(P=0.0181). There was no significant difference regarding

the proliferation of stroma (Figure 7b}, fibrosis (Figure7c) or

synovial lining cells (Figure 7d). Representative photographs
of arthritic joints at 4 and 16 weeks after CII immunization
are shown in Fignre8. .
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Figure 10 Production of interleukin-6 (IL-6). Rat synovial cells
{5x10%) were cultured in 9 cm dishes. Forty-eight hours later,
culture supernatants were harvested, and IL-6 concentration was
measured using enzyme-linked immuncsorbent assay (ELISA)
(a}. Expression of IL-6 mRNA in the cells was examined by
quantitative real-time reverse transcriptase polymerase chain
reaction (RT-PCR) (b} according to methods deseribed by Ishizn
et al. (2003). Data are shown as a relative value standardized by
the expression of a housekeeping glyceraldehyde 3-phosphate
dehydrogenase gene. *I"<0.01,

Tbe é?:n}-pjf transgene was not detected in lymphocytes
accumulating at artbritic joints of t/wB/CII rats

In the BMC transfer experiment, it appears that a few lympho-
cytes of the recipient remained. Therefore, it is critical to
determine whether the fymphocytes accumulating at arthritic
joints of t/wB/CII rats were derived from donor WKAH rats or
the recipient env-pX rats. Nested PCR showed that the env-pX
transgene was detected in microdissected lymphocytes of
affected joints of t/wB/CII rats at neither 4 nor 16 weeks
after CII immunization (Figure 2).

~In vitro analysis of cytokine production in synovial cells

Cytokine productivity in synovial cells isolated from env-pX
rats before they developed arthritis was examined using
ELISA kits. Data were compared with those from synovial
cells from WKAH rats. Among the inflammatory cytokines
IL-1a, IL-1B, IL-2, IL-6, TNF-¢t and IFN-v, the concentration
of IL-6 in culture supernatants of env-pX synovial cells was
significantly higher than that of WKAH cells (Figure 10a). All
other cytokines examined were below the detection level of
ELISA kits (data not shown). Quantitative real-time RT-PCR
confirmed that the mRNA expression of IL-6 increased in
env-pX synovial cells compared with that in WKAH cells
(Figure 10b).

Discussion

With CH immunization, env-pX transgenic rats showed a
higher response than wildtype WKAH rass. Peripheral
lymphocytes of env-pX rats were shown to be readily activated
in vitro (Nakamaru et al. 2001). In line with the findings,
lymph node cells from Cll-immunized env-pX rats showed
significantly higher responses against CII than those from

' Cll-immunized WKAH rats. Thus, we hypothesized that

activation-prone lymphocytes carrying the emv-pX transgene
may be critical for the severity and chronicity of arthritis

-induced by CII immunization in env-pX rats. To test the

hypothesis, reciprocal BMC transfers were performed between
env-pX rats before manifesting arthritis and WKAH rats, fol-
lowed by immunization with CIL As expected, a severe degree
of arthritis was induced in WKAH rats transplanted with
env-pX BMC (w/tB/CII tats). However, inflammatory cells
accumulating at arthritic joints decreased time dependently
in these rats. On the other hand, inflammatory cell infiltration
persisted in env-pX rats transplanted with WKAH BMC (v/wB/
CH rats), although the degree was less than that of w/tB/CII
rats at an early phase after CIl immunization. These findings
suggest that BMCs carrying the env-pX transgene are associated

© 2004 Blackwell Publishing Led, International Journal of Experimental Pathology, 85, 191-200
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with the severity of arthritis, whereas articular tissues rather
than the BMCs carrying the transgene may be implicated in
the prolongation of arthritis in env-pX rats.

In /wB/CIl experiments, the possibility that radiation-
resistant env-pX lymphocytes expanded at arthritic lesions
at 16 weeks after CII immunization had to be considered.
Using nested PCR, we determined whether env-pX lympho-
cytes increased in the population of inflammatory cells. The
env-pX transgene was detected in the microdissected lympho-
cytes of arthritic joints of twB/CIl rats at neither 4 naor
16 weeks after CII immunization, whereas the transgene
was detected in the positive contro! samples. These findings
suggest that articular tissues carrying the emu-pX transgene
may prolong the infiltration of WKAH lymphocytes than
induce alteration of cell populations from WKAH to env-pX
lymphocytes,

Joints are composed of various tissues, including synovium,
vessels, cartilage and the bones. These tissues are considered to
be also involved in the pathogenesis of arthritis (Shiczawa &
Tokuhisa 1992). There was no significant difference in growth
in tissue-culture dishes between env-pX and WKAH synovial
cells (data not shown), which corresponds to i vivo findings
that proliferation of synovial sttoma was not significantly
different between w/tB/CH and t/wB/CH rats. However, IL-6
production was selectively detected at 2 higher level in the
culture supernatant of synovial cells that had been isolated
from env-pX rats before they developed arthritis than in
WKAH-derived cells. IL-6 plays a key role in the pathogenesis
of arthritis in various models (Alonzi et al. 1998; de Hooge
et al. 2000) and is also involved in T-cell activation and
proliferation, generation of cytotoxic T-cells and leucocyte
recruitment at inflammation sites (Romano et al. 1997). In
addition, Tax encoded by HTLV-I pX gene upregulates the
expression of IL-6 (Aono et al. 1998). Therefore, we suggest
that JL-6 derived from env-pX synovial cells may be involved
in the prolongation of arthritis in env-pX rats.

Constitutive transcription of the IL-6 gene was demon-
strated in human fibroblast-like synoviocytes derived from
a patient with rheumatoid arthriris (Miyazawa et al. 1998),
The endogenous upregulation of the IL-6 gene in rheumatoid
synoviocytes was mediated by spontaneous activation of tran-
scription factors, including nuclear factor kappa B (NFxB).
Although the aetiology of rheumatoid arthritis in humans
has not been revealed, activation of NFxB and subsequent
upregulation of the IL-6 gene in the synovial tissues may be
critically involved in the pathogenesis. Because HTLV-I Tax
activates NFxB (Johnson et al. 2001), env-pX rats are suitable
models for human rheumatoid arthritis in which NF«B and its
downstream IL-6 are activated in synovial tissues.

In summary, env-pX rats seem to be a model of arthritis in
which not only lymphocytes but also articular tissues may play
critical roles in the pathogenesis of arthritis. The relationship
between the chronicity of env-pX arthritis and IL-6 derived
from synovial cells carrying the env-pX transgene is worthy of
further investigation.
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Hematopoietic progenitor cells as possible
origins of epithelial thymoma in a human T
lymphocyte virus type | pX gene transgenic rat

model

Takahiro Tsuchikawa'?, Hitoshi Ikeda?, Kazunori Kikuchi®*, Takahiro Tsuji?, Tomochisa
Baba?, Akihiro Ishizu?, Yuetsu Tanaka®, Hiroyuki Kato? and Takashi Yoshiki®

'Department of Pathology/Pathophysiology, Division of Pathophysiological Science; *Department of Surgical
Oncology, Division of Cancer Medicine, Hokkaido University Graduate School of Medicine, Sapporo, Japan
and *Department of Immunology, Graduate School of Medicine, University of the Ryukyus, Nakahara, Japan

We earlier reported that Fischer 344/ici strain (F344) rats carrying a unique pX gene of human T lymphocyte
virus type | (HTLV-!) under control of a rat lymphocyte-specific protein tyrosine kinase (p56ick) type ) promoter
(Ick-pX rats) spontaneausly developed epithelial thymomas from the thymie meduila. To investigate the role of
bone marrow cells carrying the HTLV- pX gene in development of thymomas, the bone marrow of normal F344
tats after lethal irradiation was reconstituted by bone marrow mononuclear cells (BMMC) of lck-pX rats.
Epithelial thymomas similar to the original thymoma of Ick-pX rats frequently developed in the nontransgenic
recipients within 5 months after the BMMC transplantation. The thymomas expressed the pX gene, thereby
indicating the thymoma cells to be of donor BMMC origin. Since the thymoma also developed in nontransgenic
recipients reconstituted by BMMC depleted of adherent cells, it is suggested that nonadherent BMMC of donor
Ick-pX rats may migrate to and lodge in the thymus of recipient nontransgenic rats then transform into thymoma
cells with epithelial characteristics. The thymoma cells were shown to bind to Ulex europaeus Agglutinin-1
(UEA-1) lectin, which binds epithelial cells in the thymic meduila. It was also shown that the nonadherent BMMC
fraction used for bone marrow reconstitution contained a number of UEA-~1-positive celis. Taken together, UEA-
1 positive BMMC may be progenitor cells of the epithelial thymoma, The epithelial thymoma In ick-pX rats sheds
light on epithelial cell development in thymic medutla and for oncogenesis of epithelial thymoma in humans.

Laboratory Investigation (2004) 84, 245-2562, advance online publication, 15 December 2003; doi:10.1038/labinvest. 3700028

Keywords: epithelial thymoma; bone marrow cell transfer; transgenic rat; HTLV-| pX gene; progenitor cell

Human T lymphocyte virus type I (HTLV-I) is one of
the human infectious retroviruses characterized by
an etiologic agent of adult T-cell leukemia.'? HTLV-I
infection is also implicated in the pathogenesis of
myeloneuropathy®* and a number of immunological
disorders.® Tax protein encoded by a unique pX gene
of the HTLV-I genome is a potent transcriptional
activator or repressor of several host cellular genes,%”
and functions as a major pathogenetic molecule of
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HTLV-L. To investigate the pathogenetic role of the
pX gene, we established several transgenic rat
models carrying the HTLV-I pX gene under controls
of various promoters.®** Among them, a transgenic
rat carrying the pX gene under control of a rat
lymphocyte-specific protein tyrosine kinase (p56lck)
type I promoter (Ick-pX rat) is a unique rat model for
spontaneously occurring epithelial thymomas in the
thymic medulla.’ The endogenous p56ick type I
promoter is specifically active in thymic lympho-
cytes. However, in our model, mRNA expression of
the pX transgene was detected in all tissues tested,
because the p56lck type ! promoter used (—269 to
+26) did not include the region (—564 to 433),
which contains a sequence to potentially lead cell-
specific expression. We concluded that this could be
a reason to induce the pX transgene expression at
significant levels for transformation of thymic
medullary epithelial cells. Morphologically, the
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thymoma consists of spindle-shaped epithelial cells
and expresses p40Tax as a pX gene product and
cytokeratin as an epithelial marker.

In attempts to determine the origin of thymoma cell
in Ick-pX rats, we transferred bone marrow mono-
nuclear cells (BMMC) of the lck-pX rat into lethally
irradiated nontransgenic Fischer 344/jcl strain (F344)
rats and determined if same epithelial thymomas as
that of Ick-pX rats occur in recipient nontransgenic
rats. We further studied to see if BMMC contain
possible progenitor cells which express the same
molecules as the thymoma cells expressed.

Materials and methods

Animals

Inbred F344 rats were purchased from Clea Japan
(Osaka, Japan). We used the lek-pX transgenic rat
line, Tg38 which frequently develop thymoma.'®
Rats were maintained at the Institute of Animal
Experimentation, Hokkaide University Graduate
School of Medicine. All animal experiments were
done according to the Guide for the Care and Use of
Laboratory Animals, Hokkaido University Graduate
School of Medicine.

Preparation of BMMC for Reconstitution

After deep anesthetization with sodium pentobarbi-
tal, BMMC were prepared from tibias and femurs of
6—8 weeks old male donor rats. Both ends of the
bones were cut, and bone marrow was flushed out
with '5ml of phosphate-buffered saline, using a
syringe with a needle. Collected bone marrow cells
in the tube were dispersed by shaking the syringe
then mixed with an equal volume of density
separation solution {Lympholyte-rat, CEDERLANE,
Hornby, Canada). After centrifugation at 1500xrpm
for 30 min, the mononuclear cell layer at the infer-
face was collected as the total BMMC. To obtain
nonadherent (nAd)}-BMMC, total BMMC were
passed through Sephadex G10 (Pharmacia KK,
Tokyo, Japan) columns at 37°C to remove adherent
cells, Total BMMC were cultured in Petri dishes that
contained «-modified minimum essential medium
containing 10% fetal bovine serum (FBS) at 37°C in
5% CO, incubator for 24h. After the nonadherent
cells had been removed, the adherent cells on the
Petri dishes were cultured for 14 days with change
of fresh medium at 3 day intervals. Adherent cells as
Ad-BMMC were collected after digestion with
0.25% trypsin-EDTA solution for 20 min. Thymuses
of all donor rats were histopathologically examined
for thymoma.

BMMC Transfer (BMCT) Experiments

Nontransgenic F344 male rats at age from 5 to 9
weeks of age were used as recipients of BMCT. All
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recipient rats were given a lethal dose of radiation
(12 Gy) before BMCT. About 107 cells of unseparated
total, nAd- or Ad-BMMC were injected intrave-
nously in each experiment. Three experimental
groups were designed. One group was given an
intravenous injection of unseparated total BMMC
from lck-pX donor rats, another group was given
nAd-BMMC from lck-pX rate, and the third group
was given Ad-BMMC from lck-pX rats mixed with
107 of total BMMC from nontransgenic F344 male
rats. As a control group, recipient rats were given
total BMMC from nontransgenic F344 male rats. All
recipient rats of the experimental groups were
histopathologically examined when symptoms in-
dicating development of thymoma occurred, such as
thoracic enlargement, tachypnea or dyspnea, were
observed, or when rats reached at 45 weeks after the
BMCT. The control group was examined at about 20
weeks after the BMCT. In addition, total BMMC of
nontransgenic rats were transferred into lck-pX rats
for a comparative group, by the same procedure
described above. Recipient rats that had died within
2 weeks after the BMCT were discarded from the
count as a technical failure.

Separation of Thymocytes and Thymic Adherent Cells

Thymus or thymoma of rats were removed asepti-
cally and cut into small fragments with scissors in
Dulbecco’s modified eagle’s medium (DMEM) sup-
plemented with 10% FBS, 5x10~°M 2-mercap-
toethanol and 50 ug/ml streptomycin, Two or three
pieces of the fragments were put into each well of a
24-well flat-bottomed culture plate and cultivated
with 200 ul of DMEM with 50% FBS in a 5% CO,
incubator at 37°C. Without discarding the medium,
100 ul of DMEM with 10% FBS was added to the
wells at 3-day intervals. After incubation for 2
weeks, nonadherent cells were collected as thymic
lymphocytes. Adherent cells were washed with
PBS, removed with trypsin-EDTA solution and
seeded into 10 ¢m Petri dishes with 10m! of DMEM
with 10% FBS for a subculture. After 2 weeks with
changing the medium at 3-day intervals, the ad-
herent cells were collected as thymic adherent cells.

Histopathology and Immunohisto(cyto}chemistry

Thymomas of nontransgenic ¥344 rats given nAd-
BMMQC of lck-pX rats were fixed in 10% phosphate-
buffered formaldehyde and embedded in paraffin
blocks. Each 4pm of sections was stained with
hematoxylin and eosin. For immunohisto(cyto)-
chemical analysis, mouse monoclonal anti-cytoker-
atin (MNF116, DAKO, Glostrup, Denmark) and anti-
Tax (Lt-4),'* for detecting the product of the pX
transgene, antibodies and biotinylated Ulex Euro-
paeus Agglutinin-1 (UEA-1) lectin (Vector Labora-
tories, Burlingame, CA, USA) were used as first
detecting reagents to histological tissue sections of



thymus and thymoma of nontransgenic F344 rats
given nAd-BMMC of Ick-pX rats and to BMMC of
lek-pX rats fixed on a glass slide. To develop these
first reactants, an avidin-biotin immunoperoxidase
kit (DAKO) was used. After immunostaining, tissue
sections or fixed BMMC were counter-stained with
Mayer’s hematoxylin (Merck, Darmstadt, Germany).

Karyotype Analysis

Chromosomes of separated thymoma cells from an
original thymoma of lck-pX rats and a thymoma
developed in nontransgenic rats with BMCT from
lck-pX rats were analyzed, using a standard G-bands
by trypsinusing Giemsa method.** In all, 17 cells for
original thymoma and 10 cells for BMCT thymoma
were analyzed.

Polymerase Chain Reaction (PCR) and Reverse
Transcriptase {(RT)-PCR

Total DNAs were extracted from either cell pellets of
about 1x10° of separated thymocytes, thymic
adherent cells, or thymoma cells, and PCR amplifi-
cation was done to detect integration of the pX
transgene according to methods described else-
where.® Expression of the pX transgene was detected
using RT-PCR.%* Briefly, total RNAs were extracted
from separated thymoma cells and the thymoma
tissues using RNA extraction kits (ISOGEN, Nippon
Gene, Toyama, Japan) and treated with DNase, then
they were reversely transcribed with RT and the
cDNAs were amplified using a pX specific primer
pair to detect the transgene and a rat f-actin primer
pair®® as an internal control.

Quantitative RT-PCR

Expression of the winged-helix-nude (whn) gene in
the thymoma was quantitatively measured, using
real-time RT-PCR. After cutting small pieces of
tissues, the lck-pX thymoma, and nontransgenic
thymocyte-depleted thymus and spleen as controls,
total RNAs were extracied using ISOGEN. After
DNase treatment, total RINAs were reversely tran-
scribed with RT and a random hexamer primer
mixture. whn gene expression levels in 1ng of the
resulting cDNAs were quantified using a QuantiTect
STBR Green PCR kit (Qiagen GmbH, Hilden,
Germany) and ABI PRISM 7900 HT Sequence
Detection System (Applied Biosystems, Foster City,
CA, USA). Quantitative PCR was done with primers
5'-CCCAAGCTTTGGACAATGGT-3' for sense and 5'-
CTGATGAAAGGTGGGCTGAGA-3' for antisense™
(Genbank accession number $80120) according to
methods described in the manufacturer’s handbook.
For standardization, the glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH] gene, one of the
house-keeping genes, was quantified in each
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sample, using primers 5'-GGGAGTTGCTGTTGAAG-
TCA-3' for sense and 5-CCGAGGGCCCACTAAAGG-
3’ for antisense’® {Genbank accession number
M17701). Four lck-pX thymomas, three nontrans-
genic thymuses and one nontransgenic spleen were
used and all experiments were done triplicate and
average amounts of whn expression were indicated
by a ratio against those of GAPDH expression in
each sample,

Flow Cytometry

BMMC were reacted with fluorescence thiocyanate-
conjugated UEA-1 (Vector Laboratories), then were
analyzed using FACScan {Becton Dickinson, Frank-
lin Lakes, NJ, USA}

Resuits

Development. of Epithelial Thymomas in Normal F344
Rats Reconstituted by BMMC from lck-pX Rats

To examine the role of the HTLV-] pX gene in
BMMC, about 107 cells of total BMMC from lck-pX
rats were transferred into lethally irradiated non-
transgenic F344 rats. By reconstructing bone marrow
by lck-pX rats, thymoma developed in 18 of 19
recipient normal rats within 5 months after the
BMCT. BMMC from donor rats with or without
primary thymoma did not affect the outcome (Table
1 and Figure 1a). The tumor, which had medullary
growth, consisted of spindle-shaped cells expres-
sing cytokeratin as an epithelial marker, similar to
the original thymomas in lck-pX rats (Figure 1b and
c). The p40Tax protein expression as an HTLV-I pX
gene product was immunohistochemically detected

Table 1 Development of thymomas in normal F344 rats received
BMMC from lck-pX rats

Combination® Cells Thymema in  No. thymoma®/

transferred donors® no. recipient
rats
lck-pXtoN  Total BMMGC + 14/14
Total BMMC - 4/5
nAd-BMMC + 2/3
Ad-BMMC + 0/174
N to lck-pX  Total BMMC - 3/3
NtoN Total BMMC - o/5¢

*BMCT experiments were done on lck-pX rats to nontransgenic rats
(Ick-pX to N} or nontransgenic rats to lck-pX rats (N to lck-pX). As a
negative control, BMMC of nontransgenic rats were transferred to
nontransgenic rats (N to N).

|I'Developrmmt of thymomas in donor rats was histopathologically
examined when BMMGC were prepared.

CAll thymomas developed in recipient rats were shown to have
histopathological features similar to the original thymomas in 1ck-pX
rats.

dal recipient rats were histopathologically examined at about 45
weeks after the BMCT. :

*No neoplastic change was found in thymuses of all recipients at
about 20 weeks after the BMCT.
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in the tumor (Figure 1d). Karyotype analysis showed
that the same 42XY karyotype, 20 pairs of autosome
and a sex chromosome pair, as the standard
karyotype of rat was found in both separated
thymoma cells from original thymoma and thymoma
developed in BMCT rats (data not shown). The
reconstitution experiments using separated Ad- and
nAd-BMMC from lck-pX rats showed similar thy-
moma developed in two of three recipient nontrans-
genic rats given nAd-BMMC of ick-pX rats within 40
weeks after the BMCT (Table 1), Development of
thymoma was never evident macroscopically and
histologically in all 17 recipient rats given Ad-
BMMC of lck-pX rats at about 45 weeks after the
BMCT. Therefore, the nAd-BMMC fraction of lck-pX
donor rats may contain progenitor cells of epithelial
thymoma. On the other hand, thymomas developed
in all three irradiated lck-pX rats with total BMMC
transfer from nontransgenic rats within 4 months
after the BMCT (Table 1).

Detection of pX Gene in Thymoma Cells of Recipient
Rats

PCR and RT-PCR methods were used to determine
the presence and expression of the pX gene in
thymoma. cells of recipient rats. After separation of
thymic lymphocytes and adherent cells, the pX gene
was evident in both lymphocytes and adherent cells
in the recipient rats, regardless of thymoma occur-
rence (Figure 2a). pX mRNA expression was also
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Figure 1 Development of thymomas in normal F344 (nontrensgenic recipient) rats after being given total BMMC of lck-pX rats. A large
tumor in the anterior mediastinum of a recipient rat at 20 weeks after the BMCT is shown (a arrowhead). Microscopically, the tumor,
similar to the Igk-pX thymoma, is composed predominently spindle-shaped cells (b) (HE staining, original magnification: x 125).
Immunohistochemically, spindle-shaped tamor cells are uniformly stained by anti-cytokeratin (c) and anti-Tax monoclonal antibodies
(d) {original magnification: x 125),

evident in lymphocyte-depleted adherent thymoma
cells of recipient rats (Figure 2b), but it was out of
the detection levels in thymic adherent cells in
recipient rats before the development of epithelial
thymoma {data not shown).

Characteristics of Epithelial Thymoma Developed in
the Medulla of lck-pX Rats

Expression of the whn gene, which is a forkhead-
winged helix transcriptional factor (reviewed in
Kaufmann and Kntchel*®) the mutation of which
disrupts thymus development and normal hair
growth,?” was examined in the thymoma of lck-pX
rats to determine if the thymoma cells have the same
characteristics as thymic epithelial cells originating
from the third branchial cleft and pharyngeal pouch,
using quantitative real-time RT-PCR. Only minimal
levels of the whn gene expression were detected in
the thymoma tissues compared with that in the
normal thymus (Figure 3). Since the thymoma
tissues seem to contain resident stromal cells of
the thymus, it appears that thymoma cells do not
express the whn gene, The thymoma cells were
positively stained for UEA-1 (Figure 4), a kind of
fucose-binding lectins and is known to specifically
bind to epithelial cells in the medulla of the
thymus,*® indicating that the thymoma of lck-pX
rats originates in UEA-1-positive epithelial cells in
the thymic medulla, This observation is consistent
with histopathological findings of early lesions of
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Figure 2 (a) Detection of the pX transgene in thymoma cells
isolated from nontransgenic recipient rats received BMMC of lck-
pX rats. The pX transgene was detected in both thymic adherent
stromal cells (lane 1) and thymeocytes (lane 2) isolated from the
thymus of a recipient rat before developing thymoma and in both
thymoma cells (lane 3) and thymocytes (lane 4) of a recipient rat
with a developed thymomsa, by PCR. NG indicates thymic
adherent stromal cells isolated from an untreated nontransgenic
rat as a negative control and PC is thymic adherent stromal cells
isolated from an lek-pX rat thymus as a positive control. M is a
Haoe Il digested ¢X174 DNA size marker. (b) RT-PCR detection of
the pX mRNA in thymoma cells isolated from recipient
nontransgenic rats received BMMC of lok-pX rats, Total RNAs
were prepared from adherent thymoma cells isolated from a
recipient rat {lanes 1, 2 and 5) and an original thymoma tissue as a
positive cantrol (lanes 3, 4 and 6). Lanes 1 and 3 are results of RT-
PCR using a pX specific primer pair. Lanes 2 and 4 are using a
B-actin (Actin) primer pair as internal control. Lanes 5 and 6 are
results of a pX PCR amplification without RT. M is a 100bp DNA
ladder size marker.

the primary thymoma which apparently originated
in the thymic medulla.’® Next, we asked if UEA-1-
positive cells can be observed in BMMC of Ick-pX
rats, using flow cytometry, even though it is known
that megakaryocytes are positive for UEA-1 in
humans.?® BMMC of the Ick-pX rats contained about
7.5% cells strongly positive for UEA-1 and these
were morphologically small mononuclear round-
type cells which differed from megakaryocytes
(Figure 5). Cells positive for cytokeratin were not
evident in the BMMC fractions (data not shown).

Discussion

In this study, the transfer of BMMC into irradiated
nontransgenic recipient rats from lck-pX rats fre-
quently induced development of thymoma in the
host, similar to the original epithelial thymomas
spontaneously developed in the lck-pX rats. Since
the thymoma cells expressed p40Tax as the pX
transgene product, the epithelial thymoma celis in
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Figure 3 Quantification of whn mRNA expression levels in
thymomas. A measure of 1ng of sach cDNA from total RNAs of
each tissue was amplified with a whn gene specific primer pair
using quantitative real-time PCR. Results are shown as expression
ratios against the level of GAPDH expression in each tissue.
Thymus means the result of nontransgenic lymphocyte-depleted
thymus for a positive control, Thymoma means that of lck-pX
original thymomas, and Spleen Ineans that of noniransgenic
spleen for a negative control. All experiments were done by
triplicate. The aversge ratio with standard deviation in each
experiment group is shown.

the recipient rats would likely have derived from
progenitor cells present in the BMMC of donor lck-
pX rats.

It is generally believed that the epithelial tumor
cells in primary thymomas develop from proper
epithelial cells which existed constitutively in the
cortex or medulla of the thymus, although many
bone marrow-derived cells, such as thymocytes and
dendritic cells, are principal constituents of thymus.
It is generally considered that thymic epithelial cells
in the cortex and medulla are derived from ectoderm
of the third branchial cleft and endoderm of the
third pharyngeal pouch, respectively. The multi-
potentiality of cells derived from bone marrow,
hematopoietic stem cells, was demonstrated in
various models, including transdifferentiations into
cardiomyocytes,?® hepatic cells,>** existence of
precursor cells for bone, cartilage and lung,* and
nerve cells.** Donor bone marrow cells could
migrate into the recipient thymus and participate
in the positive selection of thymoeytes as thymic
stromal cells by bone marrow transplantation plus
bone graft in mice.”® In our model, epithelial
thymomas with donor characteristics develop in
the recipient thymus by nAd-BMMC transfer, sug-
gesting that nAd-BMMC may contain progenitor
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Figure 4 Distribution of the UEA-1-positive cells in the lck-pX rat
thymus and the lck-pX rat thymoma, UEA-1-positive cells were
localized in the medulla of lck-pX rat thymus before thymoma
development (a) (criginal magnification: x §0). Thymoma of Ick-
pX rat was positive for UEA-1 (b) {original magnification: x 75),

cells with the potential to transdifferentiate into a
kind of epithelial cells in the thymic medulla. In the
thymus, three distinct stromal and epithelial cell
types related to T-cell differentiation, cortical and
medullary epithelial cells and bone marrow-derived
dendritic cells, are known.*® Except for dendritic
cells, epithelial cells in both areas specifically
express not only cytokeratin but also the whn gene
a transcriptional factor expressed in epithelial cells
of thymic primordium and aduit thymus.?” whn
expression was evident in all the thymomas exam-
ined including medullary thymomas in humans.?®
Therefore, it is reasonable to expect that epithelial

"thymomas developed from thymic medulla of lck-

pX rats would express the whn gene if the thymoma
develops from epithelial cells in thymic medulla
derived from endoderm of the third pharyngeal
pouch. However, expression of the whn gene was
minimal in the thymoma of lck-pX rats, which
means that the thymoma may not develop from
thymic epithelial cells derived from the pharyngeal
pouch. It was clearly shown that the epithelial
thymomas carrying the pX transgene of lck-pX rats
developed in thymus of nontransgenic recipient rats

Laboratory Investigation (2004) 84, 245-252
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Figure 8§ UEA-1 expression of the BMMC in the lck-pX rat. Flow
cytometry revealed two peaks of the curve as for the positive
intensity of UEA-1 (UEA-1). The population strongly stained with
UEA-1 was about 7.5% of the Ick-pX BMMC (a). NC means
BMMC without fluorescence thiocyanate-conjugated UEA-1
staining as a negative control. Immunocytochemistry revealed
UEA-1-positive cells {brown) to be small round mononuclear
ones (b).

by transfer of BMMC from lck-pX rats. The collec-
tive evidence indicates that certain medullary
epithelial cells of thymus in rats may derive from
hematopoietic progenitor cells.

It is also known that there is heterogeneity in
epithelial cells of the thymic medulla in rats similar
to those in humans and mice.'®?** UEA-1 high
reactivity is only evident in the medulla and can
divide epithelial cells of the medulla into UEA-1
positive or negative, We showed that UEA-1-posi-
tive cells are clearly localized in the medulla of the
rat thymus and the thymomas were positive for
UEA-1. About 7.5% UEA-1-positive cells were
evident in nAd-BMMC fraction used for our BMMC
transfer experiments, suggesting the possibility that
thymomas in the medulla of nontransgenic recipient
rats are derived from the transferred BMMC with
UEA-1 reactivity, although cells positive for cyto-
keratin were nil in BMMC fractions.



Recently, Terada et al*? and Ying et al*? indepen-
dently suggested that spontaneous cell fusion not
transdifferentiation leads to changed phenotypes of
neural or bone marrow stem cells to other adoptive
cells. However, the possibility of cell fusion in our
BMCT model can be negated, since the thymoma
developed in BMCT rats had the same morphologi-
cal and biological features to the original thymoma
and no additional chromosome by cell fusion was
evident in separated thymoma cells from thymoma
developed in BMCT rats.

The thymic organogenesis, including thymic
epithelial cells, is still controversial (reviewed in
Manley and Blackburn®®). Recent reports suggested
that thymic epithelial cells might derive from one
progenitor cell in the thymic primordium. Each
epithelial islet in the thymic medulla was shown to
consist of cells from a single progenitor.* It was also
suggested that all functional epithelial cell types of
both cortex and medulla might derive from a
common progenitor cell with expression of the
MTS24 cell surface glycoprotein in the thymic
primordium.®® Cell fractions containing the progeni-
tor cells were sufficient to fully reconstitute the
complex thymic epithelial microenvironment.*
However, our results suggest the possibility that
bone marrow can supply progenitor cells which
migrate and transdifferentiate into epithelial cells in
the thymic medulla.
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Increased mRNA Expression of Th1-Cytokine Signaling
Molecules in Patients with HTLV-I-Associated
Myelopathy/Tropical Spastic Paraparesis

YosuIHIRO NisHiURA, TATSUFUMI NAKAMURA, Naom! FUKUSHIMA,' Ryozo
Moriuctr,’ SHiGeEry KaTAMINE' and KATsumi EGUCHI

First Department of Internal Medicine, ' Department of Molecular Microbiology
and Imnunology, Graduate School of Biomedical Sciences, Nagasaki University,
Nagasaki, Japan

NisHIURA, Y., NAxaMURA, T., FukusHiMa, N., MoriucHi, R., KataMing, S. and
EcucHi, K. Increased mRNA Expression of Thl-Cytokine Signaling Molecules in
Patients with HTLV-I-Associated Myelopathy/ Tropical Spastic Paraparesis. Tohoku
J. Exp. Med., 2004, 204 (4), 289-298 — Expression of inflammatory cytokines de-
rived from Thl cell population is increased in patients with human T-lymphotropic
virus type I (HTLV-I)-associated myelopathy/tropical spastic paraparesis (HAM/
TSP). It has been shown that cytokine signaling molecules, including transcription
factors T-bet and GATA-3, interleukin-12 receptor 52 (IL-12R/32) and suppressors of
cytokine signaling (SOCS), such as SOCSI, are important in differentiation of naive
T cells into Thl helper T cells. To assess the immunological status from the stand-
point of cytokine signaling in patients with HAM/TSP, we analyzed mRNA expres-
sion of these cytokine signaling molecules in peripheral blood mononuclear cells us-
ing quantitative RT-PCR. Twenty-eight HAM/TSP patients, nine HTLV-I-infected
individuals without HAM/TSP and twenty-two HTLV-I-uninfected individuals were
included in this study. Expression of T-bet, GATA-3, IL-12R32 and SOCS1 was sig-
nificantly increased in HAM/TSP patients in comparison with HTLV-I-uninfected in-
dividuals. In contrast, expression of SOCS3, a marker for Th2 cells, was significant-
ly decreased in HTLV-I-infected individuals. These results indicate that HAM/TSP
patients are associated with increased Thl and decreased Th2 cytokine signaling ac-
tivities. HAM/TSP; HTLV-I; cytokine signaling; Th1; Th2
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Human T-lymphotropic virus type I (HTLV-I)
is the etiological agent of a rapidly progressive
lympheproliferative malignancy, known as adult
T-cell leukemia (ATL) (Yoshida 2001), and of a
chronic spastic myelopathy, known as HTLV-I-
associated myelopathy/tropical spastic paraparesis
(HAM/TSP) (Osame et al. 1986). HTLV-I infec-
tion has also been associated with other inflam-
matory diseases, such as arthropathy, uveitis,
polymyositis and alveolitis (Hollsberg 1999). Of
these HTLV-I-related inflammatory diseases,
HAMU/TSP is the paradigm. It is characterized by
perivascular cuffing accompanied by parenchymal
lymphocytic infiltration in the spinal cord (Akizuki
et al. 1987). While greater insights have been
gained into the pathological mechanisms opera-
tive in HAM/TSP (Osame 2002), it is still unclear
why only a minor proportion of HTLV-I-infected
individuals develop HAM/TSP and other HTLV-
I-associated inflammatory diseases.

Numerous immunological abnormalities are

known to exist in patients with HAM/TSP
(Nakamura 2000a). Previously, cytokine studies
in HAM/TSP patients have revealed elevated se-
rum, cerebrospinal fluid (CSF) and CD4" cell cul-
ture supernatant levels of interferon-y (IFN-y)
(Kuroda and Matsui 1993; Nishiura et al, 1996;
Furuya et al. 1999) and high intracellular IFN-
v'/interleukin-4* (IL-4") cell ratio in CD4" T cells
(Horiuchi et al. 2000), suggesting that the immu-
nological state of HAM/TSP patients is under Thl
activation (Nakamura et al. 2000b). On the other
hand, HTLV-I infection also causes production of
Th2 cytokines (Mogensen and Paludan 2001).
Thus, the immunological state of HTLV-I-infected
individuals is still obscure, with data showing up-
regulation of both Thl and Th2 cytokine produc-
tion (Carvalho et al. 2001) and production of only
Thl cytokine in HTLV-I-infected cells (Hanon
et al. 2001).

In differentiation of naive T cells into Thl or
Th2 helper T cells, cytokine signaling plays an

TaBLE 1. Oligonucleotide primer sequences and sizes of PCR products

Sequence Size

B2m forward, CCAGCAGAGAATGGAAAGTC 391 bp
reverse, GATGCTGCTTACATGTCTCG

IL-12R42 forward, TTCACCCACTCACCTTCTCC 243 bp
reverse, CCAGTTCCTAAGACTCCCCC

T-bet forward, CCCCAAGGAATTGACAGTTG 317 bp
reverse, GGGAAACTAAAGCTCACAAAC

GATA-3 forward, CTACGGAAACTCGGTCAGG 372 bp
reverse, CTGGTACTTGAGGCACTCTT

SOCSI forward, AGACCCCTTCTCACCTCTTG 245 bp
reverse, CTGCACAGCAGAAAATAAAGC

SQCS3 forward, CTTCAGCATCTCTGTCGGAAGA 104 bp
reverse, GCATCGTACTGGTCCAGGAACT

HTLV-I tax forward, AAACAGCCCTGCAGATACAAAGT 247 bp

reverse, ACTGTAGAGCTGAGCCGATAACG
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important role. Interleukin-12 receptor/signal
transducers and activators of transcription 4 (IL-
12R/STAT4) and IL-4R/STATG signaling are in-
volved in Thl and Th2 differentiation, respective-
ly (Murphy et al. 2000). In addition, T-bet, a
member of the T-box family, was recently cloned
as a Thl-specific transcription factor (Szabo et al.
2000). Therefore, both IL-12R/STAT4 signaling
and T-bet work cooperatively in Thl differentia-
tion, and IL-4R/STAT®6 signaling induces GATA-3
activation, one of the Th2-specific transcription
factors, in Th2 differentiation (Zheng and Flavell
1997).

Recently, the importance of negative regula-
tion of cytokine signal transduction in the differ-
entiation and homeostasis of the immune system
has become somewhat clearer (Yasukawa et al.
2000). The suppressor of cytokine signaling
(SOCS) family is a representative of the negative
regulators which act through a feedback mecha-
nism or an inhibitory signal to the Janus kinases
(JAK)/STAT systems in cytokine signaling (Krebs
and Hilton 2001). In this system, SOCS] is in-

duced by IFN-y receptor (JFN-yR)/STAT1 signal-
ing and inhibits JL-4R/STAT6 signaling concomi-
tant with the negative feedback to its own
JAK/STATI1 signaling (Losman et al. 1999;
Yasukawa et al. 2000). Although SOCS3 is in-
duced by a number of humoral factors, such as
IL-2, IL-6, IL-10, growth hormone, prolactin and
leptin, with simultaneous negative feed back to
their own JAK/STATs (Alexander 2002), recent
data indicate that SOCS3 also inhibits IL-12R/
STAT4 signaling (Egwuagu et al. 2002).

These findings suggest that up-regulation of
SOCSI expression, based on activation of IFN-y
signaling, inhibits Th2 differentiation by blocking
the IL-4R/STAT6 signaling pathway, and that
down-regulation of SOCS3 expression leads to
Th1 differentiation. Indeed, Egwuagu et al. (2002)
have reported that Thl cells express significantly
higher levels of SOCS1 than SOCS3 and expres-
sion levels of each SOCS protein are reversed
inTh2 cells, indicating that either SOCS1 or
SOCS3 protein is a marker for Thl cells or Th2
cells, respectively. In addition, very recently, Seki

TaBLE 2. PCR cycling conditions

Denaturation Aannealing Extensio Cycles
£2m 95°C, 155 58°C, 55 72°C, 15 32
IL-12RA2 95°C, 155 65°C,5s 72°C, 12’5 45
T-bet 95°C, 155 02°C, 58 72°C, 158 45
GATA-3 95°C, 15 62°C,5s 72°C, 155 45
S0Cs1 95°C, 158 62°C,5s 72°C, 108 45
S0CSs3 95°C, 155 60°C, 5 72°C, 105 45
HTLV-1 tax 95°C, 15s 35°C,5s 72°C, 10 s 40
s, seconds.
TaBLE 3. mRNA expression of cytokine signaling molecules
HAM/TSPpatingg  Fo-y . infected individuals iy v 1 uninfected individuals
T-bet 0.260 + 0.043 0.241 + 0.100 0.118 +0.028
GATA-3 0.167 £ 0.040 0.115 + 0.051 0.022 = 0.005
1L-12RB2 0,321 £ 0.126 0.288 + 0,104 0.114 = 0.023
SOCS1 0.338 £ 0.062 0.147 £ 0.038 0.035 £ 0.007
SOCS3 4.860 +0.818 6.714 + 1.467 13.234 + 1.385
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Fig. I. Comparison of mRNA expression of T-bet and GATA-3 in PBMC. mRNA expression of both
T-bet (A) and GATA-3 (B) in PBMC was significantly increased in HAM/TSP patients compared to
HTLV-I-uninfected individuals. Although mRNA expression of T-bet and GATA-3 appeared to be
higher in HTLV-I-infected individuals without HAM/TSP than in HTLV-I-uninfected individuals,
this difference was not statistically significant. Mann-Whitney’s U-test was used for statistical

analysis,

et al. (2003) have demonstrated that SQCS3 is
predominantly expressed in Th2 cells.

To further clarify the molecular basis of the
Th1/Th2 state from the stand-point of cytokine
signaling in HTLV-I-infected individuals with and
without HAM/TSP, we investigated mRNA ex-
pression of T-bet, GATA-3, IL-12R32, SOCS1

and SOCS3 in peripheral blood mononuclear cells
(PBMC) by quantitative RT-PCR. In addition, we
analyzed the relationship between cytokine sig-
naling molecules and HTLV-I tax mRNA expres-
sion in patients with HAM/TSP, compared to
HTLV-I-infected individuals without HAM/TSP.
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MATERIALS AND METHODS

Subjects

Twenty-eight HAM/TSP patients (6 men and
22 women; mean age, 58.5 years; age range,
29-78 years) were included in the study. The di-
agnosis of HAM/TSP was based on previously
described criteria (Osame 1990). Control subjects
comprised of 9 HTLV-I-infected individuals with-
out HAM/TSP (2 men and 7 women; mean age,
60.4 years; age range, 26-69 years) and 22 HTLV-
I-uninfected individuals (8 men and 14 women;
mean age, 54.5 years; age range, 26-75 years).
The 9 HTLV-I-infected individuals without HAM/
TSP included patients with cerebrovascular acci-
dent (n = 2), essential tremor (r = 2), tension-type
headache (n = 1), spinocerebellar degeneration
(n = 1), amyotrophic lateral sclerosis (n = 1), cer-
vical spondylosis (n = 1), diabetic polyneuropathy
(n = 1), whereas the 22 HTLV-I-uninfected indi-
viduals included patients with cerebrovascular ac-
cident (n = 5), tension-type headache (n = 3),
Parkinson disease (n = 2), spinocerebellar degen-
eration (n = 2), multiple sclerosis (remission
phase, n = 2), migraine (n = 2), cervical spondylo-

sis (n = 2), essential tremor (1 = 1), epilepsy (n = 1),
Bell’s palsy (n = 1), and brain tumor (n = 1).
None of the patients had been treated with immu-
nomodulatory drugs, including corticosteroids
and interferon-o during the last one year,
Informed written consent was obtained from all
patients in the study. This research was approved
by the review boards of Graduate School of
Biomedical Sciences, Nagasaki University.

RNA isolation and quantitative RT-PCR
analysis

PBMC were separated by Ficoll-Paque Plus
(Amersham Biosciences, Uppsala, Sweden).
Total cellular RNA was extracted from PBMC by
Sepasol-RNA I super (NACALAI TESQUE,
INC., Kyoto). ¢DNA was synthesized from 2.0
1g RNA treated with RQ1 RNase-Free DNase
(Promega, Madison, WI, USA) using Oligo (dT)
12-18 primer (Promega). M-MLV reverse tran-
scriptase (1 ul) (Promega) and 25 units of
Ribonuclease inhibitor (Promega) were used in a
total volume of 25 1. For quantitative analysis of
IL-12RfA2, T-bet, GATA-3, SOCS1, SOCS3,
HTLV-I Tax and #2-microglobulin (82m) in
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Fig. 2. Comparison of mRNA expression of IL-12RA2 in PBMC. mRNA expression of IL-12R32 in
PBMC was significantly higher in HAM/TSP patients than in HTLV-I-uninfected individuals. Al-
though mRNA expression of IL-12R52 seemed to be higher in HTLV-I-infected individuals without
HAM/TSP than in HTLV-I-uninfected individuals, this difference was not statistically significant.
Mann-Whitney's U-test was used for statistical analysis.
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PBMC, real-time quantitative RT-PCR was per-
formed in a Light-Cycler FastStart DNA Master
(Roche Diagnostics, Mannheim, Germany) based
on general fluorescence detection with SYBR
Green. The primer sequences and the sizes of the
PCR products are shown in Table 1; and PCR
conditions are shown in Table 2. For quantitative
RT-PCR, bulk cDNA derived from cell lines were
used as standards. HCT-1, derived from CSF
cells from a patient with HAM/TSP, was used for
IL-12RA2, SOCS] and SOCS3; MT-2 was used
for f2m, T-bet and HTLV-I Tax; and Jurkat was
used for GATA-3. Each mRNA expression was
evaluated by normalization to #2m.

Statistical analysis

Results were expressed as mean + standard
error of the mean. Differences between groups
were tested for statistical significance by use of
the nonparametric Mann-Whitney’s U-test.
Correlation analyses were performed by use of
nonparametric Spearman’s rank correlation test.
The level of significance was set at p = 0.05.
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REsuLTts

mRNA expression of each cytokine signaling
molecules in PBMC was measured by real-time
quantitative RT-PCR. Each mRNA expression
was evaluated by normalization to 82m. The value
of each mRNA expression was shown in Table 3.

- As shown in Fig. 1A and 1B, mRNA expression

of both T-bet and GATA-3 was significantly in-
creased in PBMC of HAM/TSP patients com-
pared to HTLV-I-uninfected individuals. In addi-
tion, mRNA expression of IL-12RfA2 was
significantly higher in HAM/TSP patients than in
HTLV-I-uninfected individuals (Fig. 2). Although
mRNA expression of T-bet, GATA-3 and IL-12R32
seemed to be higher in HTLV-I-infected individu-
als without HAM/TSP than in HTLV-I-uninfected
individuals, these differences were not statistically
significant. In addition, no significant differences
in mRNA expression were found among HTLV-I-
infected individuals with or without HAM/TSP.
mRNA expression of SOCS1 in PBMC was
significantly increased in HAM/TSP patients and
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Fig. 3. Comparison of mRNA expression of SOCS1 and SOCS3 in PBMC. mRNA expression of
SOCS]1 in PBMC (A} was significantly higher in HAM/TSP patients and HTLV-I-infected individu-
als without HAM/TSP than in HTLV-I-uninfected individuals. Although mRNA expression of
SOCS1 seemed to be higher in HAM/TSP patients than in HTLV-I-infected individuals without
HAM/TSP, this difference was not statistically significant. Conversely, mRNA expression of
SOCS3 in PBMC (B) was significantly decreased in both groups of HTLV-I-infected individuals
compared to HTLV-I-uninfected individuals. There was no significant difference in mRNA expres-
sion of SOCS3 between HAM/TSP patients and HTLV-I-infected individuals without HAM/TSP.
Mann-Whitney’s U-test was used for statistical analysis.
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Fig. 4. Correlation between T-bet and GATA-3 mRNA expression among HTLV-I-infected individuals.
mRNA expression of both transcription factors showed moderately positive correlation in HAM/
TSP patients and strongly positive correlation in HTLV-I-infected individuals without HAM/TSP,
respectively. Nonparametric Spearman’s rank correlation test was used for statistical analysis.

A: HAM/TSP patients {rs = 0.393, p = 0.041), B: HTLV-I-infected individuals without HAM/TSP (rs

=0.754, p = 0.033).
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Fig. 5. Correlation between IL-12RA2 and HTLV-I tax mRNA expression among HTLV-I-infected indi-
viduals. There was moderately positive correlation in only HAM/TSP patients, but not HTLV-I-in-
fected individuals without HAM/TSP. Nonparametric Spearman’s rank correlation test was nsed

for statistical analysis.

A: HAM/TSP patients (rs = 0.380, p = 0.048), B: HTLV-I-infected individuals without HAM/TSP (rs

=0.197, p = 0.367).

HTLV-I-infected individuals without HAM/TSP,
compared to HTLV-[-uninfected individuals (Fig.
3A). Conversely, mRNA expression of SOCS3
was significantly decreased in HTLV-I-infected
individuals with HAM/TSP and without HAM/
TSP, compared to HTLV-I-uninfected individuals
(Fig. 3B). However, no significant difference in
mRNA expression of SOCS3 was found between

HTLV-I-infected individuals with or without
HAM/TSP.

In HTLV-I-infected individuals, increased
mRNA expression of SOCS1 in PBMC indicated
up-regulation of IFN-y signaling, and decreased
mRNA expression of SOCS3 in PBMC indicated
down-regulation of IL-4 signaling. Moreover,
GATA-3 mRNA expression seemed to also be up-
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regulated in HTLV-I-infected individuals.
Therefore, we analyzed the correlation between
T-bet and GATA-3 mRNA expression in HTLV-I-
infected individuals. As shown in Fig. 4, mRNA
expression of both transcription factors showed
moderately positive and strongly positive correla-
tion in HAM/TSP patients (1s = 0.393; p = 0.041)
and in HTLV-I-infected individuals without
HAM/TSP (1s = 0.754; p = 0.033), respectively.

Next, we analyzed the correlation between
either T-bet, SOCS1 or IL-12RA2 and HTLV-I tax
mRNA expression. There were no correlations
between either T-bet or SOCS1 and HTLV-I tax
mRNA expression in both HAM/TSP patients
(T-bet vs. HTLV-I tax: rs = 0.050; p = 0.398,
SOCS]1 vs. HTLV-I tax: rs = 0.080; p = 0.678)
and HTLV-I-infected individuals without HAM/
TSP (T-bet vs. HTLV-1 tax: rs = 0.029; p = 0.467,
SOCSI vs. HTLV-] tax: rs = —0.067; p = 0.850)
(data not shown). However, as shown in Fig. 5,
there was a moderately positive correlation be-
tween IL-12R32 and HTLV-I tax mRNA expres-
sion in HAM/TSP patients (rs = 0.380; p = 0.048),
but not in HTLV-I-infected indjviduals without
HAM/TSP (s = 0.197; p = 0.367).

DISCUSSION

This is the first ex vivo analysis of Th1/Th2-
related cytokine signaling molecules in HTLV-I-
infected individuals. Firstly, to clarify the molec-
ular mechanism of Thl activation in HTLV-I-
infected individuals, we focused mRNA
expression of T-bet which are master switches in
Th1 differentiation (Grogan and Locksley 2002,
O’Shea and Paul 2002). Expression of T-bet
mRNA in PBMC was increased in HAM/TSP pa-
tients than in HTLV-I-uninfected individuals.

Secondly, we showed significantly increased
SOCS1 mRNA expression concomitant with the
decreased SOCS3 mRNA expression in PBMC of
HTLV-I-infected individuals compared to HTLV-
I-uninfected controls. Increased SOCSI mRNA
expression strongly suggests that both IFN-y and
IL.-12 signaling are up-regulated, and conversely,
decreased SOCS3 mRNA expression suggests

IL-4 signaling is down-regulated in HTLV-I-
infected individuals. Alternatively, there might
exist more Thl cells and fewer Th2 cells in
PBMC of HTLV-I-infected individuals compared
to HTLV-I-uninfected individuals, if the distinct
pattern of SOCS expression indicates Th lineage
(Egwuagu et al. 2002; Seki et al. 2003). From the
point of view of SOCS expression, our data re-
vealed that the Th1/Th2 balance is toward Thl
immune activation in HTLV-I-infected individu-
als. We previously reported the importance of
Thl immune deviation in the development of
HAM/TSP (Nakamura et al. 2000b). However, as
far as the pattern of SOCS mRNA expression is
concerned, there was no significant difference be-
tween HAM/TSP patients and HTLV-I-infected
individuals without HAM/TSP. Nevertheless, the
pattern of SOCS1 or SOCS3 mRNA expression
showed the tendency that both IFN-y and IL-12
signaling are more vup-regulated with more down-
regulated IL-4 signaling in HAM/TSP patients
than in HTLV-I-infected individuals without
HAM/TSP.

From these results, we thought that the ex-
pression of GATA-3, located downstream of IL-
4R, might be down-regulated in HTLV-I-infected
individuals because of down-regulation of IL-4
signaling. However, unexpectedly, GATA-3
mRNA expression was also up-regulated in
HAM/TSP patients than in HTLV-I-uninfected in-
dividuals. We are unable to precisely explain the
reasons for this phenomenon. One possible ex-
planation, however, is that auto-activation of
GATA-3 itself might be involved (Ouyang et al.
2000). In this regard, there was moderate to
strong correlation between T-bet and GATA-3
mRNA expression among HTLV-I-infected indi-
viduals with and without HAM/TSP. Therefore,
Th1/Th2 balance in HTLV-I-infected individuals
is under a compensatory control.

Thirdly, we analyzed mRNA expression of -
IL-12Rf2, which is located up-stream of STAT4
signaling and plays an important role in Thl dif-
ferentiation (Grogan and Locksley 2002). IL-12R32
mRNA expression in PBMC was significantly
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higher in HAM/TSP patients than in HTLV-I-
uninfected individuals, strongly indicating that
Thl cells are increased in HAM/TSP patients, IL-
12Rf32 is induced by STAT4 signaling following
the stimulation of IL-12 itself (Rogge et al. 1997),
Therefore, down-regulation of SOCS3 mRNA ex-
pression in HAM/TSP patients might be involved
in this phenomenon although the precise mecha-
nisms are unclear.

Although mRNA expression of T-bet,
GATA-3, IL-12Rf2 and SOCS1 seemed to be
higher, and mRNA expression of SOCS3 seemed
to be lower in HAM/TSP patients than in HTLV-
I-infected individuals without HAM/TSP, the dif-
ferences were not statistically significant.
Therefore, we, next, analyzed the correlation be-
tween these Thl-related cytokine signaling mole-
cules and HTLV-I tax mRNA expression in both
groups. Neither T-bet nor SOCS1 mRNA expres-
sion correlated with HTLV-I tax mRNA expres-
sion in HTLV-I-infected individuals with or with-
out HAM/TSP, suggesting that HTLV-] tax
expression is not directly related to expression of
these signaling molecules. Interestingly, however,
there was a moderately positive correlation be-
tween IL-12R32 and HTLV-I tax mRNA expres-
sion in HAM/TSP patients. Therefore, in patients
with HAM/TSP, HTLV-I tax might be coopera-
tively involved in IL-12R/STAT4 signaling in
HTLV-I-infected cells and contribute to Thl acti-
vation. Recently, Furukawa et al. (2003) demon-
strated that IFN-y producing cells in the popula-
tion of HTLV-I tax-expressing cells are increased
in HAM/TSP patients, compared to HTLV-I as-
ymptomatic carriers with a high HTLV-I proviral
load comparable to that in HAM/TSP patients.
Further studies are needed to investigate at which
step HTLV-I tax up-regulates [L-12R/STATY4 sig-
naling pathway in patients with HAM/TSP.
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