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by fucoidan was caused by a cytotoxic effect on the  Clinical outcomes :

cell lines, cellular viability was examined under dif-  On the basis of the data on the in vitro effects of fucodian,
ferent concentrations of fucoidan. Fucoidan had no  HAM/TSP patients were orally administered fucoidan.
effect on the cellular viability and growth of these cell ~ The patients were aged between 49 and 75 years, and
lines (Figure 1B). their disability ranged from mild to severe (Table 1).

Figure 1. In vitro effects of fucoidan
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(A) Inhibitory effect of fucoidan on the cell-to-cell transmission of human T-lymphotropic virus type-1 (HTLV-1). H9/K30/uc cells (1x10* cells) were cocultured with
Jurkat or HTLV~1-infected HCT-4 cells (3x10* cells) for 72 h in the presence or absence of various concentrations of fucoidan, and cell lysates were prepared for
luciferase assays. The luciferase activity values were normalized relative to the total protein concentrations. The inhibitory effect of each concentration of fucoidan was
evaluated statistically versus the effect of 0 ug/ml (°P<0.01, °P<0.001). (B) The effects of fucoidan on cellular viability and growth. H9/K30/uc, Jurkat and HCT-4 cells
were cultured for 72 h with various concentrations of fucoidan, and the cellular viability was evaluated by using a CCK-8 cell proliferation kit (Dojindo, Kumamoto,
Japan). The data are presented as the mean s,
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Overall, 13 of the 17 patients (HAM-1 to HAM-13)
reached the maintenance dose of fucoidan 6 g daily. Four
patients (HAM-14 to HAM-17) dropped out from the
trial because they developed diarrhoea within 1 month
of fucoidan administration, which improved immedi-
ately after stopping the therapy. The motor disability
scale scores of the 13 patients (HAM-1 to HAM-13)
who completed the full course of therapy remained
unchanged after therapy (Table 1). There were no severe
side effects and abnormalities in the blood cell count and
conventional biochemical examination.

Reduction of HTLV-1 proviral DNA load after
fucoidan treatment

At baseline, the patients had increased HTLV-1 pro-
viral DNA loads [5-7]. The mean baseline HTLV-1
proviral DNA load for each patient ranged from 3.8
to 100.3 copies/100 cells. The overall mean HTLV-1
proviral DNA load was 36.5 copies/100 cells at base-
line (Figure 2A). After fucoidan therapy, there was
a significant reduction in the mean HTLV-1 proviral
DNA load of the 13 treated patients (21.1 copies/100
cells [range 2.7-55.9]) who completed the full course
of therapy (P=0.00037), whereas the mean HTLV-1
proviral DNA load of the 9 patients who did not
receive fucoidan therapy (HAM-14 to HAM-16, and
HAM-18 to HAM-23) showed no significant change
after an interval of >6 months (Figure 2A). We could
not measure the HTLV-1 proviral load of HAM-17
because this patient dropped out from the trial. The
changes in the HTLV-1 proviral load of the 13 patients
with HAM/TSP during fucoidan therapy are plotted in
Figure 2B, and the results indicated that a significant
reduction was obtained approximately 6 months after
treatment was initiated.

Changes in activated CD4* and CD8* T-lymphocyte
counts and virus-specific CD8* T-cells during

fucoidan treatment

To examine the effect of fucoidan therapy on immune
cells, we analysed the ratio of CD4* and CD8*
T-lymphocytes: the ratio remained stable during the
therapy (mean *sp 2.60 +1.26 versus 2.72 +1.37;
P=0.64557; Figure 3A). Furthermore, there was a
slight statistically significant reduction in the frequen-
cies of CD4* T-cells expressing CD25 (a-subunit of
interleukin-2 receptor), which is a marker of cell activa-
tion (mean #sp 47.7% +13.2% versus 44.1% +13.3%;
P=0.01460), whereas the frequencies of CD8* T-cells
expressing CD235 remained unchanged during the treat-
ment period (mean +sp 6.92% +4.80% versus 7.59%
+5.70%; P=0.32987; Figure 3B and 3C). As HTLV-1-
specific CD8* T-cells are known to be important for the
control of HTLV-1-infected cells [20], the frequency of
HTLV-1-specific CD8* T-cells was measured by using
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tetrameric peptide/HLA class I complexes to label
HTLV-1 Tax-specific CD8* T-cells that recognize the
immunodominant HTLV-1 Tax11-19 peptide bound
to HLA A*0201 or HTLV-1 Tax301-309 peptide
bound to HLA A*2402. Analysis of the patients with
the appropriate HLA phenotype (HAM-2 to HAM-9)
showed that HTLV-1 Tax-specific CD8* T-cells con-
stituted 0.5-6.4% of the total CD8* T-cell popula-
tion in these patients at the baseline. Fucoidan therapy
had no significant effect on the frequency of HTLV-1
-specific CD8* T-cells (percentage of Tax/A2 tetramer
[P=0.97808] and Tax/A24 tetramer [P=0.14482] in
CD8* cells; Figure 3D and 3E, respectively).

Changes in the frequencies of NK cells, iNKT-cells, and
DCs among the PBMCs during fucoidan treatment
The importance of cellular components responsible for
innate immunity in the control of HTLV-1 infection has
been demonstrated [21,22). Therefore, we examined
the effect of fucoidan on the frequency of cell subsets
of innate immunity by analysing the frequencies of NK
cells, iNKT-cells, mDCs and pDCs in the peripheral
blood before and after treatment. The frequencies of
NK cells (P=0.95066), iNKT-cells (P=0.76289), mDCs
(P=0.08053) and pDCs (P=0.39218) did not signifi-
cantly change during the treatment (Figure 4).

Discussion

The clinical progression of HAM/TSP is usually subtle,
and it is difficult to quantify the effect of therapy by
using only the clinical parameters, even over the course
of 1 year [17,23]. Several virological and immunological
parameters have been identified as potential markers of
disease activity in HAM/TSP [5,7,24,25]. The HTLV-1
proviral DNA load is one of the most important patho-
genic factors in HAM/TSP, and is correlated with the
risk of HAM/TSP and ATL in asymptomatic carriers
of HTLV-1 infection [25-27]. Therefore, the major
purpose of this study was to examine the potential of
fucoidan for decreasing the HTLV-1 proviral load in
HTLV-1-infected individuals. Surprisingly, oral adminis-
tration of fucoidan decreased the HTLV-1 proviral load
by approximately 42.4%, and the therapy was relatively
safe and well-tolerated. Because CD4*CD25* T-cells
constitute the predominant viral reservoir [28,29], the
reduction in the number of CD4*CD25* T-cells after
fucoidan therapy (Figure 3B) might also reflect the effect
of fucoidan on reducing HTLV-1 proviral DNA load.
With regard to the mechanism underlying the
decrease in HTLV-1 proviral load by fucoidan ther-
apy, the following possibilities must be considered:
inhibition of cell-to-cell infection, inhibition of
HTLV-1-infected cell growth, increased frequency of
HTLV-1-specific CD8* cytotoxic T-lymphocytes that
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Figure 2. Reduction of the HTLV-1 proviral load in PBMCs of the patients with HAM/TSP following fucoidan treatment

A 120 With fucoidan 50 . Without fucoidan
P=0.00037 P=0.26995
I | l l
100 40
> ——®

K] 2

§ 80 | g)

Q S

3 3 . ><
@ _g

a

8 60+ 8

B 3

= = 207 "\'{'
g g

3 407 3

6— ¢
° Pretreatment I Post- ‘ 0 Baseline I After
treatment 6 months
B 140
—@— HAM-1
—f— HAM-2
1207 —A— HAM-3
—&— HAM-4
100 —O— HAM-5
< —{ 1~ HAM-6
g 801 —/\— HAM-7
L —O— HAM-8
% 60 ~@— HAM-9
a —@— HAM-10
—A— HAM-11
407 —&— HAM-12
HAM-13
20
0 T T T T T T

T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 M 12 13

Treatment period, months

(A) A total of 13 patients (HAM-1 to HAM-13) were treated with 6 g fucoidan daily for 6-13 months. Total ceflular DNA prepared from peripheral blood mononuclear
cells (PBMCs) was subjected to quantitative PCR analyses to measure the number of human T-lymphotropic virus type~1 (HTLV-1) proviral copies in the peripheral
blood before the treatment and 6-13 months after treatment (left panel). The proviral DNA load decreased by approximately 42.4% (P=0.00037, Student’s paired
t-test). As a negative control, we measured the HTLV-1 proviral DNA load of nine patients with HAM/TSP (HAM-14 to HAM-16, and HAM-18 to HAM-23) after an
interval of >6 months (right panel). (B) The plot of the HTLV-1 proviral DNA load in the PBMCs during fucoidan treatment is shown. The proviral load before treatment
is defined as 100%, and the HTLV-1 proviral DNA load in each plot is presented as the percentage of the HTLV-1 proviral DNA load before treatment. The proviral load
gradually decreased in almost all of the patients during the treatment.
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Figure 3. Effect of fucoidan treatment on the activated CD4* and CD8* T-lymphocyte counts and virus-specific CD8* T-cells
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using flow cytometry. Although the percentage of CD25-expressing CD4* T-cells (B) was slightly reduced after fucoidan treatment (P=0.01460, Student's paired t-test),
no statistically significant change was observed in the CD4/CDS8 ratio and the percentage of CD25-expressing CD8* T-cells (A&C). Furthermore, fucoidan treatment had
no effect on the frequency of human T-lymphotropic virus type-1 (HTLV-1)-specific cytotoxic T-lymphocytes. (DEE) Alteration of the frequency of HTLV-1-specific
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flow cytometric analysis. No statistically significant change was observed by Student's paired t-test.
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kill HTLV-1-infected cells {20] and increased frequency
of NK cells and iNKT-cells with anti-HTLV-1 activity
[21,22]. Although these possibilities are not mutually
exclusive, there was no change in the frequencies of
HTLV-1-specific CD8* cytotoxic T-lymphocytes, NK
cells, iNKT-cells and DCs during fucoidan treatment
(Figures 3 and 4), suggesting that fucoidan has less

effect on the immune system. Rather, fucoidan dem-
onstrated the ability to inhibit the cell-to-cell spread of
HTLV-1 (Figure 1A}, without a significant effect on the
cellular growth and viability of the HTLV-1-infected
cell line (Figure 1B). Thus, the major mechanism by
which fucoidan decreases HTLV-1 proviral load might
involve the inhibition of HTLV-1 spread in vivo.

Figure 4. Frequencies of cells imparting innate immunity during fucoidan treatment
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Daily intramuscular injection of interferon-o [30],
daily intravenous injection of prosultiamine [31] and
daily oral intake of green tea extract [32] reportedly
have the potential to decrease the HTLV-1 proviral load.
In a randomized double-blind placebo-controlled study
of zidovudine plus lamivudine therapy, both of which
inhibit the reverse transcriptase of HTLV-1 in wvitro,
no significant decrease in the HTLV-1 proviral load of
HTLV-1-infected individuals was observed, suggesting
that the inhibition of reverse transcriptase is not effective
in decreasing the number of HTLV-1-infected cells [33].
Although the mechanism responsible for the decreased
viral load by interferon-ot is still not clear, prosultiamine
and green tea extract induce apoptosis of HTLV-1-in-
fected cells [29,34]. The present study has demonstrated
for the first time that inhibition of cell-to-cell HTLV-1
infection is a potentially important target of therapeutic
interventional strategies to decrease the HTLV-1 viral
load in infected individuals. Because the present study
was open and uncontrolled, a larger randomized dou-
ble-blind placebo-controlled study of HTLV-1-infected
asymptomatic carriers with high viral load is required.

In conclusion, oral administration of fucoidan
decreased the HTLV-1 viral load in patients with HAM/
TSP through the inhibition of cell-to-cell transmission
without the activation of the host immune system.
Fucoidan is, therefore, a new potential therapeutic
agent for the prevention and the treatment of HTLV-1-
associated diseases.
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BEE, bbb, R OEHERES A
bd, &L THAMEBIZER AbN, KH
BZbEATNS, ZOMOFEMRFETGED
T, HAM 5353580 C I3t 6 08 s 25 He foe
R Z o TWBZ L ERTHRAFELNLTY
Do

S 52 HAM OFREIRE I B W T, HTLV-1
LRI DWW T i situ PCR % Fl W TR
ShTEY, HTLV-1 OR3IEE L T ik
W OLFEREN, FIDOMBHEESSY 7 /A
IR SN TN, ZoZ tix, BEL
7o HTLV-1 B4 T Mifa N B A EOER & L
ThORREEEZRLZLTWAZ L E2RELT
Wb,

B. U4 ILABREZNLEEY

HAM £& Ti%, RAEIMERZEKR (PBMC) 10
Ty VAR, ThRbOLEEMEES
T UTICHEBELTERIZSZ VI ERHBEL TN
5970 F i A RARBREMRIC RIS B
HTLV-1 #EZ MG EE T ESHEOED

BEZEMLTBY, UAALACHTIRIERS

EISBERNTTTE L TWD & 5 REFEII R R

—474—

—-179 —

EELTHBD™ Y, Sz, Bkt wEe
ERFC—HMORE.F A N HA R Eh
AV OEEREECEE- TS Z LAAS
NTVBEO, N EDYTA AR - IR
BEFEEMATRR S 2BAT 5 L, HAM
DEERFEREE, O HTLV-1 Ry o,
@ FHOBIERIE, O WHIMME OS5,
LEZ LB,

VL. HAM OREEBIET 2 18E

HAM %, BREMfask (74 L A8) 5% n e
RIEY A7 RPRRBEOTHR LD IEERBTS
ZEMBMEIN TR, g L 2B D
EIXBREICRIT D HTLV-1 FIE OB E » {LiET
552 CHATHD. VANVABOHEEIZ, =
ARTANVARLFLEY ANV ARME R OWERE
EPRUETHSDOEERY, HTLV-1 x4 VR
PMLTE P ICHFEE Lieniz e, PBMC Hz &g L
TWAEE % real-time PCR BECHIET D HAN
BEMEEL XNV THILIN TS, HIRTIE,
HTLV-1 VA VABOEBMBIEA2EBL TV
LHHRIZEETHHEAD L HTLV-1 E#Ht v
& —v7 =74 MR : httpy//www.htlvljoho.org/
medical/medical_exam.html), | ERE CHEIE S
5T LIFTERY, BIE, EEFEHEMEERT
HTLV-1 7 A )V A & Il 7 ORZHEALIZ = T2 7
EREBENTEY, BRRREARSRDZ L
PEIFEN D, 728, HAM B2H T A A AR
USRI U Tn BRI DWW TIR iR &
TRV, HTLV-1 ZEHERTO Y LV A
FEERSES, BEMEEOEINZ I REHE
OEFEIC LB EANKRENEEZ BRTNS,

HAM Iz B 2 BHAEOREIZEE DKE
EEMECTFREMD THRWERBRD Y, Z0HE
BIFKODEETHD, FHTOREDORE 27T
i3 2 DITITEBERENNAEATSH Y, HAM
DRBE TR ECHBEDRDOHECBNWTEE
Thbd, L, —BNLBERRE CRETE
HHMfa%L, IgG index 72 & TlX, HAM OLKE%
BT D ITIEREIMEL, EBRITEERD Y E
RBEFTHETH>THODINSLOERZERGEN



WWEEEDRLLBHDIDODTEENLETH D,
B RTiE, REBARINTHNRWRBERS O
RATTY BN ERERRE(SRL) THY, &
AEE L OB PR VEL, HAM OREE
BHoOBBIEATHZYY, ZhETHOMA
Ry 72 f2 Bk Tk, 5S5pmol/ml ELF TIIiEE) AT
EAERSETDIFEAER DN, 5~10
pmol/ml TIZIEENEAERE, 10~25pmol/ml iZ
R, 25pmol/ml ML EIZVEBIMEREE &S
ERCH D, B, BRABZRT 7TV EDD
SHILKESCEREE L OMBEEIcERL~—F
—eRL5GFORIEL TR HZEHFPTH S,

VII. HAM D&%

A, REDEZA

HAM &, % OB 5R BIE B Ol N 2203
RENWEWIEBERHDDOT, TheliExlk
BEFEHORENRBLETH D, Thbb, TX
DI FRIERIAC, MRERET DRSNS
LHINEBIEEMEEZHEL, FOBRERIELTA
BEAREZRETDZENEET L, BFICEST
U CHER D R IEFT RSBEWESI DB-A X,
PR WIRER I IZNE L R BB ERE L,
—HT, FEALERTRRD SN TEIEO R
bR LR LWESIOBEX, BIERAOMRNRE
BONBEEIZZ L, HAM 2B D% WBERIC
EITTDEFOBEL, BBOKERRSZN
ECORBR P HIEEEPIFEEETH 5 H
ZHBTL, WEABRERELTHWBLERD D,

®1 HAM OREERIET HEE L ARDOHBE

— RS - R 34(4), 2011—

B. HAM OJRFREICHI L f= AR BB

E L7z X 5z HAM OJFREIX, FEaICBIT
% HTLV-1 BRgefifaic e/ Lo B AEIC L 5
MIREBEEZ L ShTnd, ko THFDBEIC
i O HTLV-1 BEMaoHik, © BRAED
EL, @ MEMBEOBENKLETHDIMN (X
1), A TEHY A N AEE MR E L IAIR
IR EETH Y, HAM OBEIZAENH S
REFORTOAL KL, REFE -HLVANVA
ERZE > A v & —7xnra(INF-a) iz k5
BENRETH D,

A5 uA RigEE, HAM ic/3$ 23 HH0ER
X ORIz ENL TN D, 7L K=y r > (PSL)
BROERAINEEERD VL OBRAREY
RRHDN, BEOKEE SO TIZ HAM 200
BlOLV ha AT T4 TRERT, 131 BH0DHE
T PSL OWNRDBEAZ B, 8L7%ICHR,
69.5%ICEZ L, M UHETIFN-aiX 32 4D
BETE25%ICAHR, 21.9%ICEZRL TN
5%, ZDZ Lid HAM O EEIC K REMIE L
PhoTRY, ZO@EDRFEE - FEH HAM
CEMTHDZLERLTNS, LELLRENS,
RHICO e 5 A7 a4 RiEOMEEIL, LR,
VRS, BHRIE, AARE, BREEOHFERL
ORIVER#HBEIEI2ENNH D DT, BEHD
KIEFT RCERIRI RGBS, FhrlzE
BL, TEARITHNREEZD L THEINL
HEThd. 28, HAORENLRBE TIZ PSL
BEIZE VANV ZAERENT S Z Lidwn,

s TAIVAED RGHAT O FIE
AR O FTEPCRIE | CAROLEHDHY)
| Av4—7=zuva H
SR
BB KIE rgeyyy | ATEAERE
o ER B A0 B TR
FREOMRIRIIE Ee (BIROBEED V)
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IFN-a 1%, ZikEEAMME _EERETO
WERMfThI, 48 LA DEF T 28 HEEHE
SHRER T o BRI ARERFNICHEEZET
5 ERMmEINKEY, BE HAM okt 3 5%
RAREH/BTNIHE—DFEXTH D, [FN-a D
HAM ~DEENRO A H =X 53T L HEH
LI TIERWD, BERVANVAENREDS LT
W5Z L, HAM TA LN D REREIHEL
TWBZ ERENSL, LvANVAER & %ER
BIERAOMENES LTS EHESNDS, K
AU, PSLICH#R UTHILIERIR - BIshiEic 2
LWZ &, RRFEHEICGH 3 BELl EOES T
WEE LT B I BRI OB EkGE SRR 54
BENETHD., £, ERBMERELT, B
#H-2H5E8K BRI RREDS VIV
PREER, BiE, FEMEM%E, M5O, MmERE
PisEmd B,

U EDR#MEREE X, RATUTOLS T
BEEBLTWD, [REETH) TR OM
fagox A 757V AMEO ERERED b, %
HOHBATaA NTEMBEBAZITND, AT
NT L K=y a w2 )L AL PSL N RE

% (0.5mg/kg LR THa7Z LR% W) 2 FEH,

Z 0% PSLIZESLHICHERZR D5, BB
B A 7T Y U, FRREESEBICHRE
BRET D (EVBOBESELBIT D). HRE
BKELTIEN-a 2T/ b H D, MMEKE
HETH 1F, BEOCERECLVIEEHELIEED
MDD ENTE S, EEEOEMICIT,
8D PSL A ARAERE (5mg~10mg R H) H 5
X [FN-¢ RER BRI TH D Z L 08% ., JEE
BHEOEFITZIIEEET LRNWEENREL,
IR OBRBEIXBERANCIZER LRV, [
BRAER] ] ZRIEDIFEBETHY, ThbDih
B IIRERBAVITIZER L TWiRn,

HAM OWREOEXBEIIRMAFHROUET
»H5. PSL & IFN-a b EHIM OB EREICE
THTEFLRIZE LW, £, PSL EHIAR
FEMEROMER SV, EBETODIFN-aE
BHEREE b BEABMSIIEEET, ZhDDBE
HORMFEABEIRESNDIONHERTHY,
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X VAR BRI B B LA R B R
DEELHRY, THO5DMESAESBMELT
WL 2T, FEFRABHEFICHERT—XZD
WENRFRER T T b a— iz fll-> THRBRE £
L, #OT7— X #BBHNIZER Lo F v 2%
ERL T 2ENREROBBERLETH A

5. HfEETHAM BENPL VDIZHEADORT
HHIYH, FOEHS VICEE LN HRNE
OEBITRE N,

C. HAM OMERICK T 8%

B IHERCE MR A D T2 D DRI R Y N E
VR0, EHEEREICH T 2 PURMEEE-C PR
FBARIOES 2 Y, HAM OFEERIZ x4 25 %HiE
BIEIL, ADL RO DICERICEETH S,
FREEOHREFEICNTH5EHOE RS, SE
5 -Pfifad, BEREOSHERRR EM
BLEEBERZ L VRND, EDHPWEELZITS
ZENEERD,

VIIL. HAM O#t&EZFREIE L
BESOBN

HAM & O LR ERERE D 2005 Fiz£EH
HAM 25207 v 7 — bAKE LCEBS I,
A ZMBEENREPOENR > TS, BWHEE
FTCWLOLDEREREZ2EL L L, BERE
BHBOM - B AR TEMOWRERE2ZITSZ
ERTERNWRE,  EET TOERIARES, &
BOFRITHT DIAR, ZHESLBEREFBO
EEAA~ONHHILD, MHEAHE, BRENEARE
R EOMBEZIARBLAEFE L TN D ERIR
EHENk. T7bb HAM it o whik R & [
B, TR TEXDRALDRVEEEIEES R
NWHARRTHDENWZ D, S HITHTLV-1 F+
V7 & LTATLBECAR L TN, B
i, FMUMAERFOMEEORHECBERSHRE
BLTIMLLARNWIR S KRETH S,

X 3

1) Uchiyama T, Yodoi J, Sagawa K, et al : Adult T-cell
leukemia: Clinical and hematologic features of 16
cases. Blood 50 (3) : 481~492, 1977



