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r£umc

v T @iEy A A 138 (human T-lym-
photropic virus type-1 : HTLV-1) &, ALA T #l
feaf® + U > N (adult T-cell leukemia/
lymphoma: ATL), & & HTLV-1 B:EHEIE
(HTLV-1 associated myelopathy : HAM) IR
THDH HTLV-1 B 7 Ry g (HTLV-1 associ-
* ated uveitis : HU) 2 ¥ DIEREB[Z R -4V,
Ele—BOBRFEP/NREORFERRE L DOH
BOWME SN TV DYDY, ATLIZ 1977 FiZ & A
HIzkY, HLWEBRESE UTRMICHES
Y, 1981 FERIZZ DT A VAP ATL OJRE
TANVATHHT ENABBBIRIVHLRPTE
nikzd,

HTLV-1 B (3 U 7)) OKE 1 HTLV-1
Bl B 2 BIES TICEBIERTH 54, 20—
N 5%) NERBRETEOEVERMEZRET
ATL #%ET 5, HAM S HU O8EE 1% ATL &
DHPIRNEREEIN TS, R TIXHET
b 108 FADX+ YT REFELEL, FOOMIE
AAOBENIT KV IEEOWEBE R RDALR LT R
B bILAL, 1[I 1000 ALLEA ATL
ERIET D EHEEIN TS,

#1.2 Tchiro TAKAJO, MD & Akihiko OKAYAMA, MD

HTLV-1 %% U T IBNT I A W AR TFFD
b DEEMELHHER L VRET D2 LR TES,
Eiz CD4 G Y » RERPlc 7 u v A A ZADOET
FELTNnS, ZOid HTLV-1 BEETH S 7
ANVAR LIEE L OBERBEMEEEERL T

W3, HTLV-1 B Bdeflin (7 a1 ) A%
CBERIR) A E ORI A Y HNE — R R Al

XYL T B, FARARRLRIER T H AR
IR X v RS IER L, HTLV-1 24 5
G ORI BT D 7 v — VG
ORI RERBHNEZRET LELD RTINS,
IR IR 2 LB B A RS TR T 5 28,
ERMICSEn-CEERETREIY 55, B
PR T B R ERERESHERE SN, BAR
TANABEETZZ ERNEEZLRTY
b, AT HTLV-1 B DESRIZ 2T~
5.

I HRICBTS HTLV-1 %Y UTF®
HIBRS A

Rz B35 HTLV-1 B 45380 1000 ~
2000 5 A & HEH & B N IEFE2ZEUIE 52 T
W B MAbE NERBRBETAHAVANVATHHIT
B 59, HTLV-1 BEORE A IER I

RS EE AR i RYOR RS0 B (T889-1692 IR IR B I% 1 i ElT AR K 5200)

T

—447—



—Hsoe - W3 349, 2011-—

BN HEBEBMIBIZRONTND, EREE
Mgk EA, BV THEBREE, X, B
RTTVH, ATGRVT, R T ma—F=7F
RETHY (D), 20F,PTRTIVTRPER
O—Eic kG EE ORERH B, HTLV-1
WA TEBENREICLEL > T3 OOKRERRMR
(la: aAERY ZH, 1b: 87 7Y HHE,
lo: ASRUYTENRGTOND, I AERY X
VEWZEBIA(MNZ A AVYFRUEN),
B{(AA), C@E7 7V H), DUELT 7Y H),
ERAV—=)DF T Z A THRHRESNTHEY,
INEOHTIN—TEBRBLE, FOUAN
A%y VT ORERE—-FELTEY, REPE
FOBE Lo Tt NERWTE R AR LEb O
L#Ez 5B, HTLV-1 OV 7 A —70E N
X ABEEEOEBENIFEINL TR,

IL AHBIZHITHESR

KFIC BB HTLV-1 iz B84 3 E3 AR,
1980 FAIC HEH, HESIZ X »Tirbn, #E
X ) 7E 120 FA, ATL BE% 700 A/4ERD &
MEEhEY, TRUBRASIZBT S ATLV-1
Xy ) THOBEDHEMIZOVWTIETHTH -
fe A%, 2008~2010 4 58 1z B A4 5l Bl 2T FE BF
(AR BT 5 HTLV-1 BRERUVHEMERD
EREHEAE LRANE] (UDIE) SEESh, £
E§u72 HTLV-1 %% UV 7 B L UCEEEE OER
FENTONTL. ZOHT, FEERILE OFE
Wik E OREP B, 2EOF v ) 7 IR 108
FAEHEESN, HARELTEERO 1%ICH
LI BZLBOFr VTRELELTHDZ LR
FEAL, v VT OEBILSHLRL LR

1 #HRIZEMTSHILV-1 OSHE BEAERICEITS HTLV-1 525

—448—

78



— 8 - M 34(4), 2011—

FA
300
250 31988
#2007
200
150
100
50 -
0~8 10~ 20~ 30~ 40~ 50~ 60~ 70~ 80~ 90~
Ei

=2

7o (R2)'9, ATL OEBRFALES S ATL BFHEIZ
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OEEILIZ Y, 5% DN ATL 12 3RE
TEHEEZ LN, 1980 EROEZEHEEN D
FEAZBWTS HTLV-1 ¥+ U 7 O8I
HIERD Y, REROBRWIBIZAN, HE,
HBR L OWEERBARETHALENE, ZD
WEPIT RS E L F o —%, i R,
¥ T duviEiE i B E OBl A o LB o i s
HEIhZ DY, SEOFETHM - ihidHh
FOFx V7T OHERBRILTWE—F, BE
5 &R ORETHE CIENARD b,
BIN L EICIRRT 3 EMAH 5 2 LIRS
7o (E3)19,

HTLV-1 BEEMF BN, ddizkirs
R R A, TITMBENETH->TDH
RELEZZY, Zhix HTLV-1 © B RRER
BOHIWEBERNIZBROINAZ ik b B3,
IO E OFROTNMEREEEPEE R
THREBOBNIERS S, =0k 5 itz
B2 1980 A DOWFE Tk, BYRITERM
BWEEEL, EhFPELDBIIRBNTRE
DERIVLENZ EBRENTERY, ik
BEL e BIF P BRRERELS bdHEb & LT
220F2 b, OGEOEHEaR—FNHEREL
FENBHOT, FHBEE WAL OEERD
BEEIE, FONRPHELUREBT D REBER
(BZLLBRBEOCHE) NEPoIEER
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I 2 A B R e D e sb— B D4R I DL e R 3
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BpEOBE2ENH 7 0 —FHL—ED
EETHHEOBIERE L B,

IIl, HTLV-1 OREBR

HTLV-1 ORRRER & LT, IR,
BB TR, i K ARESM SR TnAY,
A TREMIIZ L2 DOREBRIE OFEA 7Y
==y k0 1984 FE LR IE XS TRY,
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BiZ16~30% L \nbhTBY, IR
Uy RBRRAOBREICEELTNWD EEZDL

TN BOT . RESOF v Y TIEATL 23

fE L2 WWAS, ATL MBI LB EOFHIATER
THHZLEERL, kD ATL SE TR D
7o HTLV-1 &% U 7 iR 6f U TRl T
BFLRNZ RERIRTE . BHRIZBY
T 1987 &£ & v HTLV-1 B OB~ DA
BRls S, BAMEAREE T2 LItk VR
RO RHF2EMST S ERNWREL 2 -
728, 2D OE 2 LT ANLIES, 35 AL
WOEHRAEE, FREMEEREOFERDY,
B~ HTLV-1 B Y X7 B35 2 & 238
EENTER, RELBHZ L 2WER2TbR
WIGBATH, BAOBRREZE%D Y, FFLLUMN
DRBRARE (FERNRBLED 5 VIR EREE 2D
LEHEINTND,

Z Dk 57 HTLV-1 & Y TIER i k<3 5%
HITHER, FM - WL E HTLV-1 %+ VT O
LI E b iz HEE ST E S, IWNED
Wiz X v HTLV-1 %+ U 7 R &EIIKE LT
WBZEBRRESNTE, EFRK 2L FEEY
B E@EY&E SR 2ERIEESE THTLV-1
OEFREFE BT A% GEEID A 50
LEOEFEH LCHTLV-1 itk 7 ) —=2
SHREONEESBREINE, 0L 5k
50T, 2010 R K Y BT R ET I O
A2 B D AN EERN R L AN TiTbnbd o &
Llrof., L L, BB LY, iz HTLV-1
Fop U T RAROHIETHTLV-1 A2 Y —=>
SRR (R D L REER BB 275
L, BlEEOPIBBIEERDIRPLIEEL,
TR a2 (Western blot ) BHETHBH T &,
ERHEAREET > THOHERE 2~20%) &
RBEEDHHTLBHRESNL. TOLHK
EOWRBEIOWTHRERMICH v U 7 IRIFICFHE
Lh ) v ETo TR I EDOMNERERN
RENTNWD, EREEDRRBREIZOVWTE, MiF
SEBRELUNAOFEOFEA R LD T, BERE
DELRDIUERRABNDDOHD,

HTLV-1 D% 5 & D DRERE I MBI
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L AEREEHRETHS, BBERBEERE
7 A N ADBEFES OB X > THIFWE
nNTEY, BEELLALTHRIY 554,
RBREY VT THLIRARENIFY VT THS
BEIH LT 4~5 EREAKRIE LT,
T DT LEREL BRI BN TG EE
REEID BN L OBHETS. REFEEK
LIy UDBIBOBERICEN TS5 TIER
<, BOEAR, 60 BT o TRIET AL L E
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Wwe#x hbhTinbd, LaL, HAM - HU X
EECTEDIBRIETIZLNDY 55, R
PRI X B BRI 2y R—AFHIC &
VRS LMTEDEELLNDN, BRFE
OFEITITEEI R R E T T 2 FEIRL,
ERREEH ST ZF VLB IR TWEN,
FDTc, RN REEEEERALTY
A DPOFHENRFININERDHDL LA
b,

FliEE R OWMRB oM, 6, b Mg
T4y A N AFEE HTLV-1 C b Ry itk it
DOEARH Y, ZOREIC T A VAEB Vo
AT BT L, EOROPUBEERICT AN
ABMBETFL, —EDOL A (Ey bBEA2 )
WWRETDZ L, ¥ty RBEA Y bEEFY Y
T EiRRY, REMEEOREZSD &E
ZBENTNAYW, EHEVy <A BORREE
O HEERERIZOVWThEy bR
MEEDNRICBNTERARDZZ L, 0BT
TTIC HTLV-1 EEsiian s n — e & /g
THBRHY, EBRERIDEREZET S L
BHBZEHHBALTNBEY, £, ¥vIU7F
OERY7 4 0 —Er L, BRYAAVAERS
W LR ATL B & T RREFTHB 2
ELHBERERSTNARID, ZH50MRL
Y HTLV-1 B0 IEOLERIZHE LN TH S
B, BRERIBIEZBNAThEY PRA Y hDTA
WABRRBO D 2 EBARETHIUE HTLV-1
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INTRODUCTION

Interleukin-1 alpha produced by human T-cell
leukaemia virus type l-infected T cells induces
intercellular adhesion molecule-1 expression on
lung epithelial cells

Yuko Nakayama,”? Chie Ishikawa,'® Kazumi Tamaki,' Masachika Senba*
Jiro Fujita® and Naoki Mori'

'Depariment of Microbiclogy and Oncology, Graduate School of Medicine,
University of the Ryukyus, Nishihara, Okinawa, Japan

“Department of Infectious, Respiratory and Digestive Medicine, Graduate School of Medicing,
University of the Ryukyus, Nishihara, Okinawa, Japan

“Transdisciplinary Research Organization for Subtropics and Island Studies,
University of the Ryukyus, Nishihara, Okinawa, Japan

“Department of Pathology, Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan

The pathogenic mechanism of human T-cell leukaemia virus type | (HTLV-D-related pulmonary
disease, which involves overexpression of intercellular adhesion molecule-1 (JCAM-1} in lung
epithelial cells, was investigated. The supernatant of HTLV-l-infected Tax™ MT-2 and C5/MI cells
induced ICAM-1 expression an AB49 cells, a human tumour cell line with the properties of alveolar
epithelial cells. Neutralization of ICAM-1 partially inhibited HTLV-I-infected T-call adhesion to A549
cells. Analysis of the ICAM-1 promoter showed that the nuclear factor-kappa B-binding site was
important for supematant-induced ICAM-1 expression. Induction of interleukin (IL)-1 alpha (IL-12)
expression in MT-2 and C5/MJ cells was observed compared with uninfected controls and HTLY-|-
infected Tax-negative cell lines. The significance of lL-1z as a soluble messenger was supported by
blocking the biological activities of MT-2 supernatant with an IL-1u-neutralizing mAb. Moreover, Tax
and lL-1z expression was demanstrated in the branchoalveolar lavage cells of patients with HTLY-i-
related pulmonary disease. Immunochistochemistry confirmed ICAM-1 and IL-1x expression in lung
epithelial cells and lymphocytes of patients with HTLV-l-related pulmonary diseases, and in a
transgenic mouse model of Tax expression. These resulis suggest that lL-12 produced by HTLV-l-
infected Tax™ T celis is crucial for ICAM-1 expression in lung epithelial cells and subsequent
adhesion of lymphocytes in HTLV-|-related pulmonary diseases.

1997). Transgenic mice expressing the Tax protein, encoded

by the pX gene, develop arthropathy (Iwakura er al, 1991)

Human T-cell lenkaemia virus type I (HTLV-]) is & retro-
virus associated with adult T-cell leukaemia (Hinuma ef al,
1981) and HTLV-I-associated myelopathy/tropical spastic
paraparesis (Gessain et al.,, 1985; Osame ef al, 1986). HTLV-
I is also implicated in inflammatory disorders, such as
uveitis, arthropathy and Sjdgren’s syndrome (Watanabe,

Abbreviations: AP-1, activator protein-1; BAL, bronchoalveolar lavage;
BALF, bronchoalveciar lavage fluid; BCECF, 2',7'-bis-(2-carbuxyethyl-
5)- and 2',7'-his-(2-carboxyethyl-6)-carboxyfluorescein, acetoxymathyl
aster; EMSA, electrophorstic mobility shift assay; FBS, fetal bovine
serum; HBZ, HTLV- basic lsucine zipper domain protein; HTLVY-], human
T-cell leukaemia virus type |, ICAM-1, intercellular adhesion molecule-1;
IL, interleukin; LFA-1, lymphocyte function-associated antigen-1; MMC,
mitomycin C; NF-xB, nuclear facior-kappa B; pAb, polycional antibody;
TNF-=, tumour necrosis factor alpgha.

and exocrinopathies affecting the lacrimal and salivary
glands (Green et al,, 1989). HTLV-1 is also associated with
pulmonary involvement. Patients with HTLV-I-associ-
ated myelopathy/tropical spastic paraparesis and uveitis or
asymptomatic carriers exhibit pulmonary complications
characterized by T-lymphocyte alveolitis or lymphocytic
interstitial pneumonia (Sugimoto et al, 1987, 1993).
Furthermore, in Tax-expressing fransgenic mice, inflam-
matory cells consisting of lymphocytes accumulate in
peribronchiolar and perivascular areas, as well as in alveolar
septa (Miyazato ef al, 2000).

It has been estimated that there are 28000 type I
pneumocytes and 1400 type II pneumocytes per alveolus
in a human (Crandall & Kim, 1991). Because of its strategic
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location, the alveolar epithelium encounters infectious
agents and inflammatory molecules. It is thought to play an
important role in the immune response by expressing
biologically active mediators and adhesion molecules
(Diamond et al, 2000).

The pathogenesis of HTLV-I-associated diseases is poorly
understood. Viral and host factors, such as proviral load
and immune response, are believed to play an important
role in the pathogenesis and progression of diseases. CD4™

T cells are the main target of HTLV-1 and cairry the proviral
load (Bangham, 2003; Kinet et al, 2007). In the broncho-
alveolar lavage (BAL) fluid (BALF) of carriers, the copy
number of proviral DNA correlates with the number of
Iymphocytes (Mori ef al, 2005). The interaction between
infected T cells with a different kind of host cell and immune
reactions mediated by these infected cells may play a role in
the pathogenic process of HTLV-I-associated complications.

Intercellular adhesion molecule-1 (ICAM-1) interacts with
its receptor, lymphocyte function-associated antigen-1
(LFA-1), on leukocytes, and plays an important role in
the recruitment and migration of immune effector cells to
the site of xkzlﬂammatxon (Jutila, 1992; Marlin & Springer,
1987). Infected lymphocytes produce no cell-free virions in
vivo, and a specialized cell—cell contact, termed the viro-
logical synapse, is requived for transmission of HTLV-I
between cells (Igakura er al,, 2003). ICAM-1 and LFA-1 play
a key role in the formation of the virological synapse
{Barnard et gl, 2005).

T cells and their mediators are major players in the
immitne responses to viral infection. During infection, the
expression levels of cytokines and chemokines are signific-
antly higher in the BALF of patients with HTLV-I-related
pulmonary diseases than in that of healthy subjects
(Yamazato et al, 2003). However, little is known regarding
how such humoral factors contribute to the pathological
changes in HTLV-I-related pulmonary diseases. Here, we
evaluated the biological effects of HTLV-I-infected T-cell
supernatants on lung epithelial ICAM-1 expression.

METHODS

Reagentis. Recombinant human interleukin (IL)-1 alpha (IL-1z),
tumour necrosis factor alpha (TNF-#) and IL-17 were purchased
from PeproTech. Blocking anti-human IL-12 mAb (clone 4414} and
anti-human [CAM-1 polyclonal antibody (pAb) were purchased from
R&D Systems.

Cells. The HTLV-l-infected T-cell lines MT-2 (Miyoshi ¢ al, 1981},
MT-4 (Yamamoto ef al, 1982), C3/M] (Popovic et al., 1983), HUT-
102 {Poiesz et al, 1980}, MT-1 (Mivoshi er al, 1980}, TL-Oml
(Sugamura ef al, 1984) and ED-40315(—) (Maeda ef al, 1985), and
uninfected T-cell lines Jurkat, MOLT-4 and CCRF-CEM were
cultured in RPMI 1640 containing 10% fetal bovine serum (FBS).
MT-2, MT-4 and C3/M] are HTLV-I-transformed T-cell lines
established by an in vifre co-culture protocol and constitutively
xpress viral genes, including Tax, MT-1, TL-OmI and ED-40515(—)
are T-cell lines of leukaemic cell origin that were established from
patients with adult T-cell leukaemia but do not express viral genes.

HUT-102 was established from a patient with adult T-cell leukaemia,
but its clonal origin is unclear,

Preparation of culture supernatants, Human T-cell lines were
incubated at a cell density of 1% 10° cells ml™" for 72 h. The
supernatants were stored at —80 °C until use. Dilution of the
supernatants from cultured HTLV-I-infected T-cell lines was carried
out using RPMI 1640 containing 10 % FBES.

Subjects. The subjects consisted of 11 consecutive HTLV-I infected
patients with lung lesions in computed-tomography scan findings and
various pulmonary symptoms (chronic cough and/or dyspnoea on
effort) who visited our hospital and received BAL analysis. All patients
were designated carriers, and included four patients with diffuse
panbronchioclitis and three with autoimmune diseases. Two control
subjects were also included who were seronegative for HTLV-L
This study was approved by the Institutional Review Board at the
University of the Ryukyus,

BAL and cell praparation. BAL was performed in the 11 patients
using a standard technique (Yamazato et al, 2003). The BALF
obtained was passed through two sheets of gauze. After washing three
times with PBS supplemented with 1% heat-inactivated fetal calf
serum, the total number of cells was counted. An aliquot was
centrifuged and the supernatants were stored at —80 "C until assayed.
The remaining cells were pelleted by centrifugation, mixed with
Isogen (Wako Pure Chemical Industries) and stored at —80 “C until
use. All subjects provided informed consent before BAL.

Adhasion assay. Human A349, a tumour cell line from a human
lung carcinoma with the properties of type 11 alveolar epithelial ce]ls
(Lieber e -al, 1976}, was plated at a confluent density. C5/M] cells
were suspended in serum-free RPMI 1640 containing 5 pM 2/,7'- bm»
(Z-carboxyethyl-5)- and 2',7"-bis-(2-carboxyethyl-6)-carboxyfluores-
cein, acetoxymethyl ester (BCECE; Dojin Chemicals). After incuba-
tion for 45 min at 37 "C, these cells were washed with PBS and
resuspended in culture medium. Before adhesion experiments, A549
cells were pre-incubated for 1 h in the presence of either anti-ICAM- 1
pAb or control 1gG. Subsequently, BCECF-Tabelled C3/MJ cells (10°
cells per well) were deposited on MT-2 supernatant-stimulated A549
cell monolayers for 30 min at 37 “C. Each experiment was run in
triplicate. Non-adherent cells were removed by inverting the plates
and washing with PBS. Adherent cells were solubilized with 1% NP-
40 in PBS, and the fluorescence intensity of each well was measured
using an ARVO MX spectrophotometer {PerkinElmer).

HTLY-l infection by co~cultivation. A549 cells were maintained in
RPMI 1640 containing 10 % FBS. MT-2 cells (Mivoshi er.al, 1981) were
used as the HTLY-J-infected T-cell line and produced viral particles.
MT-2 cells were treated with 100 pg mitomycin C (MMC) ml™'
(Sigma-Aldrich) for 1 h at 37 “C. After washing three times with PBS,
they were cultured with an equal number of A549 cells in RPMI 1640
containing 10% FBS. A549 cells were harvested at 24, 48 and 72 h.

RT-PCR. Total RNA was extracted with TRlzol (Invitrogen) or
Isogen (Wako Pure Chemical Industries) according to the protocol
provided by the manufacturer. First-strand ¢cDNA was synthesized
from 1 pg total cellular RNA using an RNA PCR kit {Takara Bio)
with random primers. Thereafter, <DNA was amplified. The se-
quences of the primers have been deseribed elsewhere (Ansal et al,
2002; Brenner or al, 1989; Hieshima er al, 2008; Liu er al, 2006;
Nakayama et al, 2008). The PCR products were {ractionated on 2%
agarose gels and assessed qualitatively by (0.5 pg mi™') ethidium
bromide staining.

tmmunofluorescence staining. Fixed cells were washed with PBS
containing 7% FBS and permeabilized with PBS containing 0.1 %
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Triton X-100. The cells were washed with PBS/7% FBS and
resuspended in PBS/7 % FBS containing niouse mAb against Tax
(Lt-4; Tanaka et al, 1990). The cells were washed with PBS/7 % FBS
and resuspended in PBS/7 % FBS contdining Alexa Fluor 488-labelled
goat anti-mouse IgG {Invitrogen}. The nuclei were stained with
Hoechst 33342 (Wako Pure Chemical Industries). Finally, the cells
were washed with PB5/79% FBS and observed under a DMIS000
microscope (Leica Microsysterns).

immunohistochemical staining, We examined lung biopsy speci-
mens from three patients with HTLV-I-related pulmonary diseases,
and lung bicpsy specimens from transgenic mice bearing Tax or
control littermate mice (Iwakura ef al, 1991). All human subjects
provided informed consent before samples were obtained. The tissue
samples were subjected to immunohistochemical staining using
mouse mAbs to ICAM-{ (clone 15.2) and IL-1% (clone B-7) {Santa
Cruz DBiotechnology). Sections were counterstained with methyl
green,

Flow cyiometry. To measure the expression of ICAM-1 and LFA-1
on the surface of A549 cells after the addition of culture supernatants
ot after HTLY-L infection, FITC-labelled mouse mAD against ICAM-1
(CD54, clone 84H10), LFA-1 z-chain (CDl11a, clone 25.3) or control
mouse IgG1 {Coulter Immunotech) was used. Cells were analysed on
an Epics XL flow cytometer (Beckman Coulter).

Measurement of iL-1o. IL-12 levels in culture supernatants and
BALF were measured by ELISA {Invitrogen) following the procedure
recommended by the manufacturer. A sufficient quantity of BALF
was available from HTLV-1 carriers to estimate the level of 1L-1z after
concentrating the supernatant using a Centricon Plus-70 centrifugal
filter {Millipore), which is used to- concentrate low-molecular-mass
components with a cut-off of 5000 Da. As BAL has a diluting effect
on the recovery of IL-lz, measurements were standardized against
alburnin.

Reporier assay. A549 cells were transfected with luciferase reporter
constructs for the [CAM-1 promoter (Ledebur & Parks, 1995) using
Lipofectamine (Invitrogen). After 24 h, the transfected A549 cells
were cultured in the presence or absence of MT-2 supernatant for
24 h before the luciferase assay. For reporter assays, a nuclear factor-
kappa B (NF-xB) site-dependent luciferase vector, #B-LUC (Suzuki
et al., 1995), and an expression plasmid for Tax (Matsumoto et al,
1997) were also used. Luciferase activities were measured using a dual
luciferase assay system (Promega) and normalized against Renilla
luciferase activity from plasmid phRL-TK (Promega).

Elsctrophorstic mobility shiff assay (EMS3A). Nuclear extracts
were obtained as described by Antalis & Godbolt (1991) with
modifications, and EMSA was performed as described by Mori &
Prager (1996). Briefly, 5 ug nuclear extract was incubated with 2p.
labelled probes. The DNA-protein complex was separated from the
free oligonucleotides on a 4% polyacrylamide gel. For competition
experiments, the cold oligonucleotide probe or competitors were
used, and supershift analysis was performed using rabbit pAbs against
the NF-xB subunits p530, p65, c-Rel, p52 and RelB (Santa Cruz
Biotechnology). The probes used were an NFE-xB element of the
ICAM-1 gene (5"-tcgaTAGCTTGGAAATTCCGGAGC-3"), a typical
NE-«B element from the IL-2 receptor z chain (IL-2Rz) gene (5'-
9atcCGGCAGGGGAATCTCCCTCTC-3") and an activator protein-1
(AP-1) element of the IL-§ gene (5'-gateGTGATGACTCAGGTT-3"),
Underlined sequences represent the NF-xB- or AP-1-binding site, and
lower-case letters indicate residues added for labelling purposes.

Statistical analysis. Data are expressed as means +3D. Statistical
difference was analysed using Student’s r-test. P values of <0.05 were
considered significant.

RESULTS

Effect of supernatanis of HTLV-l-infected and
uninfected T cells on the induction of ICAM-1
expression

We first examined the effects of the supernatant from
HTLV-I-infected cell culture on A549 cells. The culture
supernatants of HTLV-I-uninfected T-cell lines (Jurkat,
MOLT-4 and CCRF-CEM) had no substantial effect on
A549 cells. In contrast, the culture supernatants of MT-2
and C3/M]J cell lines induced the mRNA expression of
ICAM-1 (Fig. ta). ICAM-1 mRNA was detected at 1 h after
the initiation of culture and remained elevated for at least
6 h following incubation compared with the control (Fig.
1b). The effects of the MT-2 and C5/M]J supernatants on
A549 cells were observed at a concentration as low as 6 %
(Fig. 1c). Among the HTLV-I-infected T-cell lines, the
culture supernatants of MT-4 and HUT-102 cell cultures
and the Tax-negative HTLV-I-infected T-cell lines MT-1,
TL-Oml and ED-40515{—) had no substantial effect on
A549 cells.

Flow cytometry studies indicated that A549 cells started to
express a significant amount of ICAM-1 at 2 or 3 h after
the initiation of exposure to C5/MJ or MT-2 supernatant.
However, LFA-1 expression on A549 cells was not induced
by MT-2 supernatant. ICAM-1 expression remained at a
plateau level at 24 h (Fig. 2a). The cell-surface expression
of ICAM-1 was also significantly increased after the
addition of IL-12 and TNF-z for 3 h (Fig. 2a). In contrast,
its expression on A549 cells was not enhanced in cultures
with Jurkat supernatant. The dose dependency of MT-2
supernatant was observed in AS49 cells. Consistent with
the results of RT-PCR, the highest level of TCAM-1
expression was observed after exposure to 6% MT-2
supernatant (Fig. 2b).

Involvement of ICAN-1 in HTLY-l-infecied T-cell
atihesion 1o AB549 celis

We examined the surface expression of LFA-1, the major
counterligand of ICAM-1, on human T-cell lines by flow
cytometry. Jurkat, an HTLV-I-uninfected T-cell line, and the
Tax-negative HTLV-I-infected T-cell lines did not express
LFA-1. However, of the four Tax™ HTLV-I-infected T-cell
lines, three (MT-4, C5/M] and HUT-102) expressed LFA-1
(Fig. 3a). We next investigated the potential role of ICAM-1
in HTLV-I-infected T-cell adhesion to A549 cells. An anti-
human ICAM-1 pAb that blocks cell adhesion was pre-
incubated with A549 cells exposed to MT-2 supernatant.
One hour after the addition of ICAM-1 pAb, fluorescently
labelled C5/M] cells were added to the A549 culture, and the
adherence of C5/M] cells was measured after 30 min. As
indicated in Fig. 3(b), the adhesion of C5/M] cells to MT-2
supernatant-exposed A549 cells was reduced by the ICAM-
I-blocking pAb, suggesting that ICAM-1 acts, at least in
part, on HTLV-I-infected T-cell adhesion to lung epithelial
cells.
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Fig, 1. Effect of the supernatant of HTLV-l-infected and uninfected T cells on mRNA expression of ICAM-1 in AB49 cells. (a)
MT-2 and C8/MJ supsrnatants induce ICAM-1 mRNA expression in AB49 cells, Total RNA was extracted from A48 cells
cultured with 10 9% supernatant of the indicated cell lines, or with IL-12 (10 ng mi™") or TNF-2 (10 ng ml™, for 3 h and used for
RT-PCR. (b} Time course of expression of ICAM-1 mRNA in AB49 cells exposed to MT-2 (i) and C5/MJ (i) supernatant (sup).
Total RNA was extracted from A549 cells cultured with 10 9% supernatant of the indicated cell lines, or with IL-1% (10 ng mi™"),
TNF-2 (10 ng ml™") or IL-17 (10 ng ml™"), for various time intervals and used for RT-PCR. (¢) Effect of HTLV-infected cell
supernatant on A549 cells. Total RNA was sexiracted from AS49 cells exposed to serial 1:2 dilutions of MT-2 (i) and C5/MJ (i)
supernatant for 3 h and used for RT-PCR. Human fi-actin mRNA was used as a control in all experiments. M, 100 bp ladder

(Toyobo Life Science).

Activation of the ICAM-1 promoter by MT-2
supermatant

To confirm that MT-2 supernatant-induced ICAM-I
upregulation is mediated by activation of gene transcrip-
tion, the ICAM-1 5'-flanking region was analysed with
promoter/reporter gene constructs. A549 cells were tran-
siently transfected with a reporter gene construct contain-
ing 1353 nt of the ICAM-1 upstream regulatory sequences
(pGL1.3). Exposure of MT-2 supernatant caused a 25-fold
increase in the activity of this ICAM-1-driven reporter
construct in A549 cells, whereas the negative-control
vector, pGL2-Basic, showed only low background activity
(Fig. 4a). TNF-z- and IL-1f-induced activation of the
ICAM-1 promoter has been reported to require the NF-xB
- site {(nt —187 to —178; Hou et al,, 1994; Ledebur & Parks,
1995). To determine the functional importance of the NF-
xB site, transfections of mutant 1CAM-1 promoter/
luciferase veporter gene construct with specific mutations
in the NF-xB binding site {(designated pGL1.3xB™; Ledebur
& Parks, 1995) were carried out (Fig. 4a). Mutation of the
NF-xB site in the ICAM-1 promoter significantly reduced
MT-2 supernatant-mediated luciferase activity in AS5S49

cells. These experiments indicated that the response to MT-
2 supernatant stimulation required an intact binding site
for NF-wB.

We investigated the induction and binding of nuclear
factors to the NF-xB-binding sequence in the TCAM-I
promoter region by MT-2 and C5/M] supernatants. As
shown in Fig. 4(b), a complex formed with the [CAM-1
NF-xB-binding site oligonucleotide probe was induced in
A549 cells exposed to MT-2Z and C5/M] culture super-
natants. This binding activity was reduced by the addition
of cold probe or the IL-2 receptor z chain gene NF-xB-
binding site, but not by an oligonucleotide containing the
AP-1-binding site (Fig. 4c, lanes 2-4). We also character-
ized the supernatant-induced complex identified by the
ICAM-1 NF-xB-binding site probe. This complex was
supershifted by the addition of anti-p50 or anti-p63
antibodies (Fig. 4c, lanes 3 and 6), suggesting that the
supernatant-induced ICAM-1 NF-xB-binding activity is
composed of p30 and p65. Therefore, the supernatants
induced ICAM-1 gene expression, at least in part, through
the induced binding of p50 and p65 to the NF-xB-binding
site in the ICAM-1 promoter region.
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Fig,. 2. Supernatants of HTLY-l-infected T cells increase cell-surface expression of ICAM-1 on A549 cells. (a) Time course of
cell-surface expression of ICAM-1 on A549 cells exposed to supernatants. A549 cells were culiured for the indicated time
intervals in the presence of 10% supernatani of the indicated cell lines, IL-12 (10 ng mi™") or TNF-2 (10 ng mi™"). After cell
harvest, ICAM-1 and LFA-1 expression on the cells was determined by flow cytometry. (b) MT-2 supernatant increases cell-
surface expression of ICAM-1 on A549 cells in a dose-dependent fashion. A549 cells were exposed to varying concentrations
of supernatant of MT-2 cells, and ICAM-1 levels were measured by flow cytometry on cells harvested after 3 h.

iL=-1a mediales most of the supernatani-induced
ICAM-1 expression

HTLV-I-infected T-cell lines are known to express various

types of cytokine, including IL-12, IL-1§ and TNF-z, all of.

which are known to be strong inducers of ICAM-1 in
various types of cells through NF-xB activation (Hou et al,
1994; Ledebur & Parks, 1995; Springer, 1990). To test
whether some of these cytokines might be responsible for
the induction of ICAM-1 in A549 cells, we examined the
mRNA expression levels of IL-1¢, IL-1f and TNF-« by RT-
PCR. As shown in Fig. 5(a), the pattern of cytokine
expression varied among the HTLV-I-infected T-cell lines
tested. Low levels of IL-1§ mRINA were expressed in C5/M]
cells. Expression of TNF-2 mRNA was increased in Tax™
HTLV-I-infected T-cell lines (MT-2, MT-4, C5/M] and
HUT-102). In contrast, consistent with the induction of
ICAM-1 expression, high expression levels of IL-1a mRNA
were detected in MT-2 and C5/MJ cells.

We next measured TL-1z levels in the culture supernatants
using ELISA. As shown in Fig. 5(b), IL-12 was secreted in
MT-2 and C5/M] cells. To examine whether the effects of the

MT-2 supernatant were caused by IL-lx, we performed a
blocking test using an anti-1IL-1z mAD, The inducible effect of
the MT-2 supernatant on ICAM-1 mRINA expression in A549
cells was almost completely blocked by anti-IL-12 mAb (Fig.
5¢). Similar to the mRNA expression, the inducible activity of
MT-2 supernatant on the cell-surface expression of ICAM-1
was substantially blocked by anti-IL-12 mAb (Fig. 3d).

HTLY-l infection also induces ICAM-1 expression
in AB49 cells

To determine whether HTLV-I infection of A549 cells
upregulated the expression of ICAM-I, A549 cells were co-
cultivated with MMUC-treated MT-2 cells. After co-cultiva-
tion for 2 days, the A549 cells were washed extensively and
harvested for assessment by RT-PCR of expression of
HTLV-T viral antigen. As the MT-2 cells had been pre-
treated extensively with MMC, which causes cell death, no
discernible MT-2 cells were seen. Trypan blue staining
confirmed the lack of viable MT-2 cells. This finding,
together with repeated washing, ensured that no MMC-
treated MT-2 cells were present in the A549 culture at the
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Fig. 3. ICAM-1 iz involved in HTLY-l-infected T-cell adhesion

o AB49 cells. (a) Flow cytometry analysis of surface sxpression of

the LFA-1 z-chain in human T-cell lines. Cells were rsacted with FITC-labelled anti-LFA-1 z-chain or an isotyps control
antibody. (b) An anti-human ICAM-1 pAb was used to block ICAM-1 on the surface of AB49 cells. After 1 h, fluorescently

labelled C5/MJ cells were added to A549 cells that had been

exposed to MT-2 supernatant for 8 h to determine adhesion, After

cell lysis, the fluorescence intensity was measured. Data are means %30 of three experiments.

time of RNA isolation. To examine whether HTLV-]
infection had occurred in the infected A549 cells, expression
of viral mRNA for Tax and the HTLV-I basic leucine zipper
domain protein (HBZ) was assessed by RT-PCR. As shown
in Fig. 6(a), A549 cells co-cultured with MT-2 cells showed
strong expression of Tax and HBZ mRNA in an MT-2 dose-
dependent manner. To further exclude the possibility that
viral gene amplification was due to contamination from
residual MT-2 cells, we used RT-PCR to amplify MT-2-
specific human CD4. As shown in Fig. 6(a), human CD4
product was amplified from MT-2 cells but not from A549
cells co-cultured with MT-2 cells. These results suggested
that A549 cells were infected by HTLV-1 after co-culture.

To determine whether viral antigens were produced in
infected A549 cells, immunofluorescence assays for Tax
were performed by indirect immunofluorescence staining.
Expression of Tax was detected in the cytoplasm and nuclel
of A549 cells at 3 days after HTLV-I infection (Fig. 6bj,
whereas no Tax expression was observed when a control
IgG was used or in control A549 cells that were not co-
cultured with MT-2 (data not shown). These observations
again demonstrated that HTLV-I infected the A549 cells.

Next, we examined the expression of ICAM-1 mRNA in
co-cultured A549 cells by RT-PCR. As shown in Fig. 6(a),
ICAM-1 mRNA expression in AS549 cells increased
substantially 2 days after co-culture with MT-2 cells in an
MT-2 dose-dependent manner. However, transcripts of IL-
Lz were not detected in any of the samples. The surface

expression of ICAM-1 on co-cultured A549 cells was also
examined by flow cytometry. As shown in Fig. 6(c), ICAM-
1 expression on A549 cells increased 1 day after co-culture
with MT-2 cells, reached a peak level on day 2 and pla-
teaued on day 3. However, the levels of HTLV-I-upregu-
lated ICAM-1 expression were less than those following
exposure to supernatant of HTLV-I-infected T-cell lines.
Upregulation of ICAM-1 expression was not observed in
A549 cells co-cultured with MMC-treated Jurkat cells or in
untreated A549 cells (Fig. 6¢).

Tax is the primary viral transactivator protein, modulating
the expression of both viral and cellular genes. To examine
the effect of Tax on ICAM-1 expression at the transcrip-
tional level, we performed luciferase reporter assays in
A549 cells using an ICAM-1 promoter/luciferase reporter
plasmid (pGL1.3). As shown in Fig. 6(d), co-transfection of
an expression vector for Tax activated the ICAM-1
promoter in A549 cells, indicating that Tax can directly
activate the ICAM-1 promoter.

To determine the precise regions of the ICAM-1 promoter
necessary for Tax-mediated activation, an NF-xB site
mutant (pGLL3kB™ ) was co-transfected. Mutation of the
NF-xB site abolished the Tax-mediated activation of the
[CAM-1 promoter (Fig. 6d). In addition, we confirmed
that Tax activated the NF-xB site using the luciferase
reporter plasmid regulated by NF-«B elements («¢B-LUC;
Fig. 6d). These results suggested that Tax transactivates the
ICAM-1 gene via the NF-xB-binding site.
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Fig. 4. Identification of a critical supernatant-responsive region of the ICAM-1 promoter. (2) Mutation of the NF-xB site
suppresses supernatani-induced ICAM-1 promoter activity. The indicated constructs (left) were transfected into A549 cells and
the cells subsequently exposed to MT-2 supernatant for 6 h. The activities (right) of each construct are expressed relative to
that of cells transfected with pGL2-Basic (pGL2-B) without further treatment, which was defined as 1, Data are means =30 of
three experimenis. (b) Time course of NF-xB activation in A549 cells exposed to MT-2 and C5/MJ culture supernatants was
evaluated using EMSA. Nuclear exiracts prepared at the indicated time points from ABS49 cells exposed to the different
supernatants were mixed with [CAM-1 NF-xB-binding site labslled probe. The complex is indicated by an arrow. (¢) Sequence
specificity of NF-xB-binding activity and characterization of NF-xB proteins that bind to the NF-xB-binding site of the ICAM-1
gene. Competition assays were carried out with nuclear extracts from AB49 cells exposed to MT-2 supernatant for 0.5 h or
C&/MJ supernatant for 1 h. Lane 1 shows the complex formed in the absence of competing oligonuclectide or antibody
(indicated by an arrow). Where indicated, a 100-fold excess of a specific competitor oligonucleotide (lanes 2-4) was added to
the reaction mixture with the laballed probe. A supershift assay of the NF-xB DNA-binding complex in the same nuclear exiracts

was also carried out where appropriate antibodies were added to the reaction mixture (lanes 5-9) as indicated.

Detection of IL-1¢ and ICAM-1 in the lungs of
patienis with HTLV-I-related pulmonary dissases
and in Tax transgenic mice

RT-PCR was used to determine the expression of viral
mRNAs of Tax and HBZ in BALF cells from patients with
HTLV-1-related pulmonary diseases. In all six patients, Tax
and HBZ mRNAs were detected in BALF cells (Fig. 7a). IL-
1z mBNA was also detectable in BALF cells. Fig. 7(b) shows
the concentrations of IL-1z in BALF samples obtained
from HTLV-I carriers and non-infected volunteers. The
concentration of IL-1z was higher in four of the HTLV-I
carriers than in non-infected controls.

Finally, we immunostained lung tissues obtained from pa-
tents with HTLV-I-related pulmonary diseases. The expres-
sion of IL-1z and ICAM-1 was noted in the epithelial cells,

lymphocytes and macrophages of these patients (Fig. 7¢).
We also immunostained the lung tissues of transgenic mice
to assess the expression of IL-1z and ICAM-1. We examined
the distribution of IL-12 and ICAM-1 proteins in the lungs
of transgenic mice. Strong immunostaining for IL-1x and
[CAM-1 was observed in epithelial cells, lymphocytes and
macrophages in the lungs of transgenic mice, but not in the
lungs of littermate mice (Fig. 7d).

DISCUSSION

We have been interested in the role of humoral factors
released from HTLV-I-infected T cells in the development
of the characteristic pathological changes of HTLV-I-
associated diseases. In this study, we hypothesized that
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Fig. 5. lL-12 madiates most of the supernatant-induced ICAM-1 expression. (a) Expression of IL-1z, IL-1 and TNF-z mRNAs in
various human T-cell lines was examined by RT-PCR. RNA prepared from THP-1 cells was used as a positive control for [L-1/.
Human f-actin mRNA was used as a control. M, 100 bp ladder (Toyobo Life Science). (b) Lavels of IL-14 secreted by human T-
celllines. Cells were culiured for 72 h and the culture supematants were collecied. The level of IL-12 was determined by ELISA,
{c) Effect of neutralizing anti-IL-12 mAb on MT-2 supernatant-induced ICAM-1 mRNA expression in AB49 cells. AB49 cells
were left untreated or were exposed to 10% MT-2 supernatant, cultured with or without the indicated concentrations of
neutralizing mAb to IL-1% for 3 h. Human f-actin mRNA was used as a control. (d) The effect of neutralizing anti-iL-12 mAb on
MT-2 supernatant-induced ICAM-1 expression in A549 cells was measured by flow cytomeiry. AB49 cells were left untreated
or exposed 1o 10 9% MT-2 supematant, cultured with or without the indicated concentrations of neutralizing mAb to lL-12for 3 h

and assessed for cell-surface expression of ICAM-1.

ICAM-1 is strongly expressed on lung epithelial cells of
patients with HTLV-I-related pulmonary diseases. In testing
this hypothesis, we also examined whether the upregulation
of ICAM-1 was mediated by paracrine signalling (ie. by
cytokines secreted from HTLV-I-infected T cells) or directly
as a result of HTLV-I infection. The results demonstrated
that the culture supernatants of HTLV-I-infected T-cell lines
induced the expression of cell-surface ICAM-1 on A549 cells.
The culture supernatants activated the ICAM-1 promoter via
the NF-iB-binding site. Furthermore, HTLV-I infection of
A549 cells also upregulated ICAM-1. However, the levels of
ICAM-1 upregulated by HTLV-I infection were less than
those following exposure to the supernatants of HTLV-I-
infected T-cell lines, HTLV-1 Tax alone could also activate
the ICAM-1 promoter via the NF-xB-binding site.

It is well known that HTLV-I-infected T cells produce
various cytokines, such as 1L-1 and tumour necrosis factor
(Tschachler et al, 1989; Wano et al, 1987). Our results
showed that the main molecule responsible for the

biological activity of the culturé supernatants was [L-1x
for the following reasons: (i) the levels of IL-1x were
remarkably high in the MT-2 and C5/M] supernatants; (ii)
adding mAb to IL-1xz reduced ICAM-1 expression almost
completely; and (iii) the effects of recombinant IL-1z on
A549 cells were similar to those of the culture supernatants
from HTLV-I-infected T cells. Although MT-2 and C5/M]
cells expressed TNF-z mRNA, HTLV-I-infected T-cell lines
did not produce biological TNF-z (Tschachler er al,, 1989).
These findings suggest that [L-1z was responsible for the
biological activities of the supernatants observed in the
present study.

With regard to pulmonary lesions, the results demon-
strated the presence of high levels of IL-1z in BALF and 1L-
lz mRNA expression in BALF cells in HTLV-I carriers. We
are currently investigating the relationship between IL-1z
concentrations and percentages of lymphocytes in the
BALF of HTLV-I carriers. In this study, ICAM-1 and IL-
1z were detected in lung epithelial cells and Iymphocytes,
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culture with MT-2 cells. A549 cells were co-cultured with or without MMC-treated MT-2 or Jurkat cells for 1, 2 and 3 days.
Cells were collected and flow cytometry was performed to detect ICAM-1 expression on the cell surface. (d) Tax activates the
ICAM-1 promoter via NF-xB. A549 cells were transfected with the indicated constructs together with a Tax expression vector or
empty vector. Cells were harvested at 24 h post-transfection and luciferase activity was measured. Activity is expressed relative
to that of cells transfected with the reporter construct together with empty vector, which was defined as 1. Data are means = sp

of three experiments. Black bars, Tax; white bars, vector.

respectively, from patients with HTLV-I-related pulmonary
diseases. However, ICAM-1 was also detected in lympho-
cytes and macrophages, and IL-1« was also detected in lung
epithelial cells and macrophages. In the lungs of patients
with pulmonary disorders associated with HTLV-I, HTLV-
I-infected T cells and lung epithelial cells may produce
various types of pro-inflammatory cytokines, resulting in
upregulation of ICAM-1 and IL-lo in these cells. The
concentration of soluble ICAM-1 in the BALF of patients
with HTLV-I-associated pulmonary disorders has been
reported to be significantly higher than that in non-infected
healthy control subjects (Seki et al, 2000). In accordance
with our hypothesis, the concentration of soluble ICAM-1
correlated well with the percentage of activated T cells (Seki
et al., 2000).

Because ICAM-1 is an attractive target for therapeutic
intervention based on its involvement in the inflamma-
tory and viral infectious processes, understanding the
precise mechanisms by which its expression is regulated is
important. The present study found an HTLV-I-infected
cell supernatant-responsive and Tax-responsive region in
the ICAM-1 gene containing an NF-xB site. NF-kB
regulates the expression of IL-1a (Mori & Prager, 1996).
Accordingly, NF-«B is an attractive target for treatment of
HTLV-I-associated pulmonary disorders. However, the
addition of ICAM-1-blocking pAb inhibited, at least in
part, HTLV-I-infected T-cell adhesion to lung epithelial
cells. The partial blockade of cell-to-cell adhesion by
ICAM-1-blocking pAb suggests the possible effects of
another adhesion molecule, in addition to ICAM-1, that
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Fig. 7. Detection of IL-1x and ICAM-1 in the lungs of patients with HTLV-|-related pulmonary diseases and in Tax transgenic
mice. (a) Detection of Tax, HBZ and IL-1« mRNAs in BALF cells obtained from six patients with HTLV-I-related pulmonary
diseases. Human f-actin mRNA was used as a control. Lanes 1-6 denote patients 1-6. M, 100 bp ladder (Toyobo Life
Science). (b) Concentration of IL-1a in BALF from patients with HTLV-I-related pulmonary diseases and non-infected controls.
Case 3 is the same as patient 3 in (a). C1 and C2 were control subjects who were seronegative for HTLV-I. (¢, d) Detection of
IL-1c and ICAM-1 proteins by immunohistochemistry. In the lung tissues of patients with HTLV-I-related pulmonary diseases (c)
and Tax transgenic mice (d), immunohistochemical staining showed a definite brownish staining for IL-1« and ICAM-1 proteins
in the membrane and cytoplasm of epithelial cells, and in macrophages and infiltrated lymphocytes. Arrowheads indicate the
surfaces of macrophages in lung tissues of mice. Cells were counterstained with methyl green.

mediates HTLV-I-infected T-cell adhesion to lung epithe-
lial cells.

Taken together, the results of this study suggest that IL-1«
may play a role in the upregulation of ICAM-1 expression on
lung epithelial cells in patients with HTLV-I-associated
pulmonary disorders. Such a process may be involved in
the pathogenesis of HTLV-I-associated pulmonary disorders.
To assess the possible action of IL-1¢, further studies will be
needed to investigate the effects of neutralizing antibody
against IL-1o on the development of HTLV-I-related lung
lesions.

In summary, the findings of the present study allow the
construction of a hypothesis in which IL-1«, produced by
HTLV-I-infected Tax™ T cells, is involved in the upregulation
of ICAM-1 on lung epithelial cells. We found upregulation of
LFA-1, the counter-receptor for ICAM-1, in HTLV-I-infected
Tax™ T cells. The detection of Tax mRNA expression in
BALF cells of patients with HTLV-I-related pulmonary
diseases suggests that the lung is a preferential site for its
expression. Indeed, Tax-expressing transgenic mice exhibited
inflammatory changes with infiltration of lymphocytes in the
lung (Miyazato et al, 2000). Tax has been reported to
upregulate IL-1ecin T cells (Mori & Prager, 1996). Tax may be
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involved in the development of lung inflammation caused by
HTLV-1 through the induction of local production of IL-1z.
The adhesion of T cells to the lung epithelial cells may play
an important role in the pathogenesis of HTLV-I-related
pulmonary diseases.
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ABSTRACT

We present a case of Epstein—-Barr virus (EBV)-associated primary central nervous system lymphoma (PCNSL)
arising from a patient with cutaneous-type adult T-cell leukemia/lymphoma (ATLL). Extranodal sites affected by
ATLL include the skin, lung, liver, gastrointestinal tract and central nervous system (CNS). CNS involvement usually
occurs as an acute and lymphoma-type ATLL. PCNSL is a rare type of tumor and the vast majority of PCNSL are of
B-cell lineage. Individuals with acquired, iatrogenic or congenital immunodeficiency are at increased risk of PCNSL,
which is commonly associated with EBV. In our patient, the expression of latent infection membrane protein 1
(LMP1), EBV nuclear antigen 2 (EBNA2), and EBV-encoded small RNA (EBER) in tumor cells confirmed a type lll
latency of EBV infection. Human T-cell lymphotropic virus type | (HTLV-I) can induce immunodeficiency before the
overt development of ATLL. The HTLV-I infection led to suppression of the immune system and the development of
EBV-associated PCNSL. This is the first reported case of the clinicopathological features of EBV-associated PCNSL

arising from a patient with ATLL.

Key words:
type III latency of Epstein—Barr virus infection.

INTRODUCTION

Adult T-cell leukemia/lymphoma (ATLL) was first
noted as a new type of leukemia by Takatsuki et al.’
ATLL is a malignant lymphoproliferative disorder
caused by human T-cell lymphotropic virus type |
(HTLV-1).2™ It is endemic in south-west Japan and
the Caribbean basin.® There are several subtypes of
HTLV-l-induced ATLL: acute, lymphoma, chronic and
smoldering.® ATLL commonly involves the skin in 43—
72% of patients.” We proposed a fifth category: cuta-
neous-type ATLL.® Extranodal sites of involvement
include the skin, lung, liver, gastrointestinal tract and

adult T-cell leukemia/lymphoma, Epstein—Barr virus-associated primary central nervous system lymphoma,

central nervous system (CNS).>"' CNS involvement,
whilst well recognized, usually occurs with syste-
mic conditions. Isolated initial CNS involvement is
exceedingly rare, with only one reported case to
date.'® Primary CNS lymphoma (PCNSL) is a rare
tumor accounting for less than 2% of all intracranial
neoplasms.'® The vast majority of PCNSL are of
B-cell lineage and PCNSL of HTLV-l infection are
associated with ATLL.®

Individuals with acquired, iatrogenic or congenital
immunodeficiency are at increased risk of PCNSL, '
which commonly presents as a monoclonal, B-cell
neoplasm classified as either diffuse large-cell or
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