HTLV-1#%+U7 OB (EmE)

A0 7,426411A (H25%18)
WS 69,872 A (H224)
FrPIY—DHEL 14017045 BE??

ERBOFYI7EEELBEEH(ER18-19%F)

0~4g% | 5~9 10~14 | 15~19 | 20~24 | 25~29 | 30~34 | 35~39 | 40~44

B5 = | 0.009385 | 0.009385 | 0.009385 | 0.093653 | 0.176035 | 0.176035 | 0.228327 | 0.228327 | 0.472627

i ER 43 48 45 470 1069 1139 2177 2196 3879

45~49 | b0~b4 | 55~b9 | 60~64 | 6569 F0~74 | 75~79 |80gELlE =

0.472627 | 0.991561 | 0.991561 05 05 05 05 05

3317 8003 11538 12381 11693 9480 6699 7896 8207

S BFRR M FHRIL 16~ 645%E T T, 15~ 193, 16~19 D7 —2EF DT FHTEHI,
A~15%1T . 16~39mDH— T I MBI R, 65~ 99mRIF40m RO — T (T IFERD
FZOFFERMCERL THELILHOD,

— 161 —




HTLV-1BFREE(ICDODWTD T vy — bk

53%
1)

i)
i)
iii)
iv)
V)

2)
ii)
iii)

iv)

u_F(i\

3)

i)
iii)

4)

i)
iii)

5)

(B, £ F7-IX FAX(052-264-0331) [ZT1081HZETIT)

(BHMEERAEES=21—X XHZsAE7EHSR) 156/294 [EUR

EfRICTERICH L THTLV-IHEZBRE LIED-0IX, LWOEMS TTM?

10FE LI LRIMN S 88

SHELIERIMN D 23

SN 14
NEGHICTEST-FH23EEMIL 12
PoTHEL 19 (BEZH->TULWELMERED)

S X TITHTLWV-1HURGIEEIEN L E L= ?

LVELY 70

RO Y—=VTETEBE. HRFER(Western Blotix) T2 (1044) '
Ry VY—=2 % - ERHBRTHEABE (105%)
RSB TRE. PCRETHREE (8 4)
MERRERE T 154

HTLV-1RRB IR 2 EER L R OABEZ TS LY,
BHOEFNHHIHEIE, 3) UTZEEMOE—-LTIEMET S,

ZTONEESATREDEOHIZ, FIRPICHOBIREABNSNAELLZN?
B TREL. BRTHE 57
BRRY »i 3 (BRA Ri&g2, BEAR1)

B RNOEMRIEABEN 4

ZOEGDREREIL?

RO T=-HFEA 4

SEAIEE, EiE - REL-E327. EHEIHRB21. BIEE 7

FROEBAEE, EQOLSLBFETRESNELZL?
(EEBENSDT F/IN1 X 25, ARADFHE 38, REDHE 3)

ZLENR DOHTLV-IAD EBMIE 74 0 —T7 v F1&?

BHEE17  (1-3 EMo7+rO—7y Th, BPTEHEELTHRE 15)
HmElRA~KEE 13

L TLVELys

— 163 —



6) BHOATL (RATHIIEIMMEE) PHAM (HTLV-1EEEHE) 2RBEIh-
ZEEFBYELETLEIDN? F=, ThoDEPWEIAO—T vy TIE?

ATL  (BEEREY 3)
HAM  (BE&HEY 0)

fta R~ R 3E3

7) HTLV-1UAB SRR Z Z (T T, BEAMICEEE SN, BE
BERMIZEEET S,

UTHERXDESE

S ELHBAMRAOBTLESN? REDABICH>LOLBAETHY., b
UILLBEHMERL TLS EBLVET,

CHHROT A O—T v TEEE S NI,

BRNERRE. OBE~OBRTFHISEE D,

LT E—EE
s B2 XWA3r ATRHLONEL ., 45 BICA-DTLE 2=, BEBIATOLEITF LA
Hhot=.
IR SAELELASEET. BAZALH, [FADIZEST, EEITRES AITRE
=Mz, (H10%EE)
cFBPANNESL, 4BETEBRIREZESEWN Lz, TORY ., HTLV-1A8 > TH
., BREIEEIN, ITIhbWLWESHBEWNESE, (H8E)

— 164 —



HTLV- 1B FRENRZHEET S -ODORERR

1

1

B & %
RERHF |12
Ti7 BT & 50
BshE |4
il
1S 66

| I

2 THBEEIEBEUVFER2EIAN 598 F TICHTWV-ARAEBEE H
50BN

(1) S, HBREHNORR

(N=66)
HHE HE THY) OEHER
| DN
D HEsE REFHMB | EFE [k %
B IE | E E = E O E |E | = f13
EE®ER |4 (3333 |4 2 2 |2 |2 7 8
(12)
T BT+ 3 |60 |1 |1 0 0o |2 |3 3 4
(50)
BEhi |2 |[s500]2 |2 5 5 |9 |9 16 16
wm (4)
it (66) |9 |136 |6 |7 7 7 13 |14 | 26 28

(2) HEZ., HBEAMNORKRHE (N=66)

R H# THYI1 OBEBER

B a;,fé-;;] REFHM | EE i B

| |2 2|28 |2 [E|=2|E |2 |E
Bl (44 |7 |159 |3 |3 5 5 |9 |10 |17 18
)E;“ﬁ](zz 2 |91 |3 |4 2 2 |4 |4 9 10
)§+ 9 |136 (6 |7 7 7 |13 |14 |26 |28
(3) HHENE (BHEE) N=29
GEEA R B | HERE e 8%

o #

— 165 —




QEFILTLEFELEA~ |3
2123 S

@®EAZEIZONT |2

QDLOFEL~DBER 1

QOEMERKEIZD |2

WT

BFELUNDORIE~D |1
g

OFRELIZDINT 0

@EFhTLEFELD |2
RXEFE

ADBZFHHIZDONT |2

GOBEEORKIZONT 3

DTS 1

@®EE (ATL. HAM) [=D0Y | 1
T

PEEEE 1

DREBRIZONT 1 DEREBEOXIEEIC |1
21T
(CEX

REFITHBMTEIRNRRED LIS B LMDV EDYE,

ORMBEAREL, TOREIELAEED, 8 (F) BENXYavIERTHT
Bohif=, X128 (F) ORAHNIAO0—Z2hDZEL>TWS,

ORBEREZBOLAZIVYT

OHAMIZ, BEEEERBHNOVR LG DM,

CREERREBEOLRREFHAROEREICT, BONHTWV-1IEEETHASI L E2H
. BEVLRBEAEZOEBEZLE, TALIIOVNT, BRITELHTEY.

DROFENGEVWI EERELE,

(4) HAZEZZHAILTE-E-RNE (EHEZE) N

=9

LTS

i
.

" &

%g.l

QEFENRTLBFELADBEEIC
X9 B

1

@BEHFEIZOVTDHE
%ﬁ

© |8 &

QEDFEHL~ADRLEICHT B4

1

QEMEERBEIZONT
0% :E

=

@OF EHLUNDRIEAD B (=%
ERAYEE

ORELIZDTHEB

@DEENTLBFELDOESERZE
[TDWWT O

AEZFHIZDLNTOHME
s

— 166 —




GCBAENORKEIZDONTHOHES 1 @ m iz ME 1
®FE B (ATL, HAM) [2DWVTOH |1 DEFEEIZODVTOHE |0
@OREBRIZTDOVTOEE 0 BDERBOIXBEIZDOL |0
TOHEH
Wof-C&@L 2
D4t
ORMNDBEELLZZLET, XADFERMAE-TL
iOf:o

CEREMNMLIF, FELORBEHFEICHIHEE - HIEOAT,. BEEOEREE
ICHTBHEEREN 2D ETH2z, ([BBODEFETEN] EDH,

) BRBHEOOH, MBEAHMOZLZEHEN, EFENSALTREANAR
ROBREBIZZERIBER LG oz, Tz, BIIFRESATELVKSICE

ﬁ %%/S:o)l: '3'1‘:0
| 1 | 1 i |

(5) EREEMCDERDERE (N=

9)

e 5% 8
HhY |2
L |7

3 MBXEHKSICO

T
(1) BELASD > T=HBFBADOMBELGZITENS (BHEZE) N=66
now T
ORBREERNEBLTEREREEZRINT 5= |59 |89.4
HDXZIE
QBRLE-ZEAFENEZRICERTESLS |58 |87.9
hEE
OEELET AN ER-Y:ESE: 57 | 86.4
@FELOBRLICETI2HEBIE 59 | 89.4
CORE~ADEE - HHZE 55 | 83.3
@OEMHEKERBEOEE 60 | 90.9
BIZHL 3 |45
| I | | | |

— 167 —




[OEIHI

RBEEATOXEIZONTIE, BERXEN/FLTHILEEDLN S,

OIIFPRIEN. REFAECLPBEZOBREE. . RELOBRUEEFREH
EFPSHBAREMNICZTOAIXEBESILELRVET,

ofTB L ERMELRIATELDETHSILBNET,

c®REMEHOHEETEANERNET,

CCHNENTIR. BEFNVLGZVERERLAHYEYT . BUEIAVERIRLEBEM
LERKRBAH - EYEENRATHETL, ERNBYEREATLE, [&
REREELE =02 %]

NEEFEBMSADEIREICSEEMNEHBLENT, LohYIra—LTW
ISR ZBAELEVRATLAEABENMN B WVET ., TOHEIC, DMTKEL
TS ARBFETHRBHETOMBE TOZBEICTOVNTORMLRLEMER
WEYT., AERRISZT I RENEREBEERESEBETOBELLTHL LD E
BLEY, '

CEMiMND ., BEULICFREZSEABVLSIICHKDELVWABZEAS LA
BEEEELRWVET,

OXBEOMBHEMBFRLCTLHA., HTWV-IHKEHIER - EROBENT+ITH
Y, MBICBSTS2HEEAIBOFFMEEBE>TVEVRREICHS, HBHEZEDH
BEUEMORMLLEOTRDEGXBEAFMEBRBLTLETI I E LN,

(2) BFRELFIHEURABRIEFFANELE L TEAGILEARELRS ., (&
#HEZEZ) N=66

" = e 5% 3%
OESBEODERE 62 | 93.9
QEMEEMBEOBEKEIL 61 | 92.4

QBN EREE - EMEREELEDEE 58 | 87.9

@DEEHEL:REREEOEE 60 | 90.9
OrEHEINDT =TI 47 | 71.2
OL:EAR VY :E 5 50 | 75.8
DER - -EEREORZEOME - XIERH |60 |90.9
DMEE

Bl 1 |15
®zot | | | | | |

ORLEETHAICELEDTEPFURARBREDOTIENS., BRFRICOEMNS A HEY
NhHhd, ERBELDEENEZELER S,

— 168 —




oFETIF. EFERBECHELLBRENLEMEBRBEONMRELBRVET,

T ELERBELRIATESMDETHIEBVET,

OHTLV-IEEIZC DWW TEHEDFEOHERIEEDHA, BHOHHENHIBDOH DX
Slzi 3,

ORFETHREN, HHAEACHRTFOND LS55, MY DTOHEBDER
BEALEMERBBELOEESNDERLLBVETY,

CEBREBENMNDORBBZLOHLEREICT, HMV-IHAKBEHEOEROLH £ HRE
L. BHARBICRTFO B E LW,

FEEMERBBZHEICL. ERARVERLARBROEEZRERSE., FH
RUERVERIBHEFMZBBLTLETS L&,

OREURFDATEL . XBAFOXBEAEITOVTEL—EDIZaTIATRES
ndé, RELEXBAGTSNSIDTEHERVET,

oT7A—Fr—FEDERICIY . BRBEDOKINZHRICL. FEFFATH
fEEhd &k,

OXBAHOR LD, HEDM#RE

OHTLV-1 DB FRELEZFHT I-O. IRBEHECHELL-ESICEYLEE
XBETEIILNDETHY . EEBELARERBBOEENBE

[

Z D

OBNEE, ERADFRVVWTREERFRICH LTOXEEMHORBRED
BALLEBLO-TVET, EFERBELEELTXEZTS5 0. EFERHE

| EoEHRERELTHLL VT,

OHTLV-INDEZENHZFVE VDO TREEVWAERLONSBICH LT, EMEER
BE (BESOXARE) NTFEORATT, BRZRIHFHELEZLELT, £
DFRZELOMZBTLEOBRITOMIBENFLENRTLAEVDOSERERTT,

OHTLV- 1 FIAREDRENTAELERBROMICLEEOH LN TVWIDOHNERTH
hiE, BXZBEIEEBEN AT LL - TERTIONREINVERNET, WETH
THEBEEIHELETN, EFORHEEOCOVTIEK. EREBFATERELTYL
ELOREVWERNET,

OIFEBNREICEHATAMEAEOC T O—KIRICTONTIE, M TEHBELIZLS
WERLHAHIDT, BELTERBETHEKO I+ O—Z2LTIELL.

OHTLV-1BHEZHATI+O0—LTWVWIEOER, EERXT+HTHS
. RENEZEOMBORNLL., EMEEBBLOEENLETHD, SERIH
BOBEREBUEDEZHRT T EREERLL,

OHTLV—1HAREDNHRIE. THARKRLEMZLOBELEVORER, X
EOERLEEEBDADEFH LROLOI, ERITHVEELTLESHD

OHTLV- 1 B FREERFICOWTHE - RRBEICRKRHEIBELEM[MTL £ 50

oiiigi - REBETOXBERHE (DN THWKDTHNIE, ERBEIGERE
HREOHME BREE-BEE0EFR) oW TREHRXFATEIHRFIRELTY
SHEFHS

— 169 —




BLREELFHRBICT, BAHTWV-1F v UTF T, BAEREZERELWERD
DE=HICEBRBEZIZLTNSEE0:, REMB S ITHTLV-IO FHOEED
WEFTEZEDMBRZ L2, CORBICKVRERBETLESES
REZBHLEBLVERLT,

CHREFTRBAENDLCAHEAZFRLHY TEAN, BB HoLBEEEZEAD
EHREDHFEL, HREFNOBRBLIDELBNET,

ORFBY TERLTCLR/RIMMICBEZMEEABEVEHEEBRE S bhoTW
BOWORBRKRTY,

OHTLV- 1 DR EZEMHEHIC O EL TR EIXITIFE10ELEN S T IR30EEE T
DREZEHTHBYET, NERECHOREERELEDETCERTIER
BELHDIEITTN, ARZLIHEVEREETHY . ZREBEOHE - FRA
DB, BEHNLTEBIAB R TOREDERICKY., #KEL-RER
ENAEICHEDIEZERAET,

OFBREEZRTTICHEShEHAORERSK

O IFBEZDHERIZCOWVWTIX,. HTW- 1 DEHEDERDATH D=, HHENLE
FREFHBIZDENABZ LI SEEBEINLODBERIDEOFEZLHELOIENA
BICTEDE3BHF I YNBE

ORMREICHETH-ODDHLAY DTV T LY FABE

oF ¥ UTDIENEARREREZERBRTHON. TOHFEEBRTLHIETH
XEPHER, BRLERXRBEAESREETEDSILSIC, TEEBDAVAIIVEE
XBLTWEDHICLBELCREBBFATXETEZSALSERERALREEBEN
EREZNALENHEILBS,

I I | I I I I I I I I |

|
5 HIRBEZEICEHAHTLV-1HREBREOHERDIBERE (N=54)

i

EELTWS 19

EELTLAEL |35

— 170 —




Im. HERROTATICET 5 KX



HERS

WHFERR R DTATIZEE T 52—

FERERAL

BWXLFA ML

R

HAREF

AL 3K

The CD3 versus CD7
plot in multicolor
flow cytometry
reflects progression
of disease stage in
patients infected
with HTLV-I.

doi:10. 1371

2013

FRA T A H s« V
> 8RO ST TR iR

1 ¥ P B

66 (5)

in press

2013

WEFEEA., fill

HTLV-1ES#FFREAE (HAM
) OIREIEEHENL LT
WL =D —F OER
LRE—

ERNTYIN

70 (4)

705-713

2012

[ L2

BE/ A Ly
PERGIE  VERRGE—
T R HILV-1 %
Ze.

89 (7)

907-10

2012

EBEE, fh

B AER O FAZ M
T2oREOEE LB A
S IRBE D& E]

DR

54 (7)

436-446

2012

R Y Y L2 THTLV-I
7RG ) HTLV-THaas
BEETIT b s X
ST TR,

HAE EER - B R

Ro A
=R

48

in press

VR Y Y A2 THILV-T
BTG BEROEL
2

HA S EER - e R

B

48

in press

HTLV- 18R s 3R D
T2 O BhEERT 3 En - T
BE - anEk

RYRAEZNTT

31

65b-71

2012

Allogeneic
hematopoietic stem
cell transplantation
for adult T-cell
leukemia—-lymphoma
with special
em—phasis on
preconditioning
regimen:a nationwide
retro—spective
study.

Blood

120(8)

1734-1741

2012

— 171 —




V. BFEEREDOTATY - Bk



OPEN 8 ACCESS Freely available online ) @PLOS [ ONE

The CD3 versus CD7 Plot in Multicolor Flow Cytometry
Reflects Progression of Disease Stage in Patients Infected
with HTLV-I

Seiichiro Kobayashi', Yamin Tian'?, Nobuhiro Ohno?, Koichiro Yuji®>, Tomohiro Ishigaki®,
Masamichi Isobe®, Mayuko Tsuda®, Naoki Oyaizu®, Eri Watanabe®, Nobukazu Watanabe®,
Kenzaburo Tani?, Arinobu Tojo"?, Kaoru Uchimaru®*

1 Division of Molecular Therapy, Institute of Medical Science, The University of Tokyo, Tokyo, Japan, 2Department of Molecular Genetics, Medical Institute of
Bioregulation, Kyushu University, Fukuoka, Japan, 3 Department of Hematology/Oncology, Research Hospital, Institute of Medical Science, The University of Tokyo, Tokyo,
Japan, 4 Laboratory of Diagnostic Medicine, Division of Stem Cell Therapy, Institute of Medical Science, The University of Tokyo, Tokyo, Japan, 5 Clinical Laboratory,
Research Hospital, Institute of Medical Science, The University of Tokyo, Tokyo, Japan

' ABSfréCt' ,
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Introduction (lymphoma- or acute-type) ATL [9]. Because the prognosis of
ATL is poor with current treatment strategies, factors to forecast
progression to ATL from asymptomatic carriers (ACs) have been
researched [10-13] in the hope that they will be useful for
preventive therapy under development in the early malignant

Human T-cell leukemia virus type I (HTLV-I) is the agent that
causes HTLV-I-associated diseases, such as adult T-cell leukemia-
lymphoma (ATL), HTLV-l-associated myelopathy/tropical spastic
paraparesis  (HAM/TSP), and HTLV-I uveitis (HU) [1-3]. stage.

Approximately 10-20 million people are infected with the Various cellular dysfunctions induced by viral genes (eg., tax
HTLV-I virus worldwide [4]. The lifetime risk of developing 334 HBZ), genetic and epigenetic alterations, and the host
ATL s estimated to be approximately 2.5-5% [3,6]. ATL includes immune system are considered to cooperatively contribute to
a spectrum of diseases that are referred to as smoldering-, chronic-, leukemogenesis in ATL [14-16]. However, the complex mecha-
lymphoma-, and acute-type [7,8]. The chronic and smoldering sy may hinder determination of a clear mechanism of the
types of ATL are considered indolent and are usually managed pathology and make discovery of risk factors difficule In a
with watchful waiting until the disease progresses to aggressive prospective nationwide study in Japan, high proviral load (VL,

PLOS ONE | www.plosone.org 1 January 2013 | Volume 8 | Issue 1 | e53728



CD3 vs CD7 Plot Shows HTLV-l Disease Progression

Table 1. Clinical profile of patients infected with HTLV-l and normal controls.

HTLV-1 AC 40 12 28

49.9

588

Normal controls 10 6 4 474 ND

WBC(/ul)

Abnormal
I hocytes(%)

5525

5944

15328

35.9 0.9

325 58

163 403

ND ND

WBC: white blood cells {(normal range, 3500-9100/pl).
AC: asymptomatic carrier.

ND: analysis were not performed.

Average of age, WBC, lymphocytes (%) and abnormal lymphocytes (%) are shown.

The proportion of abonormal lymphocytes in peripheral blood WBCs was evaluated by morphological exmanination.
doi:10.1371/journal.pone.0053728.1001

over 4.17 copies/100 peripheral blood mononuclear cells) was
found to be a major risk factor for HTLV-I AC developing into
ATL [13]. Although VL indicates the proportion of HTLV-I-
infected cells, it does not indicate size or degree of malignant
progression in each clone; e, it does not directly indicate
progression of disease stage in HTLV-I infection. Moreover, the
majority of ACs with high VL remained intact during the study
period, indicating that a more accurate indicator of progression is
needed.

In our recent study to purify monoclonal ATL cells from
acute-type patients by flow cytometry, three subpopulations were
observed in a CD3 versus CD7 plot of CD4" cells (H:
CD3MeCD7Yeb D: CD3¥™CD7Y™, L: CD3™CD7"*), and
the majority of ATL cells were enriched in the L subpopulation
{17]. Clonality analyses revealed that the D and L subpopula-
tions contained the same clone, suggesting clonal evolution of
HTLV-I-infected cells to ATL cells. From these findings, we
speculated that the CD3 versus CD7 profile may reflect disease
progression in HTLV-I infection. In this study, the CD3 versus
CD7 profile by flow cytometry, combined with molecular
(clonality and proviral load) characterizations, were analyzed in
patients with various clinical subtypes (HTLV-I AC, and
indolent and aggressive ATL). We found that the CD3 versus
CD7 profile reflected disease progression of HTLV-I-infected
cells to ATL cells. We also discuss the significance of this analysis
as a novel risk indicator for HTLV-I ACs in forecasting
progression to ATL.

Materials and Methods

Cell lines and patient samples

TL-Oml, an HTLV-I-infected cell line, established Dr.
Hinuma’s laboratory [18], was provided by Dr. Toshiki Watanabe
(The University of Tokyo, Tokyo, Japan) and was cultured in
RPMI-1640 medium containing 10% fetal bovine serum. Periph-
eral blood samples were collected from inpatients and outpatients
at our hospital from August 2009 to November 201 1. All patients
with ATL were categorized according to Shimoyama’s criteria
[7,8]. Patients with various complications, such as autoimmune

PLOS ONE | www.plosone.org

disorder and systemic infections, were excluded. Lymphoma-type
patients were excluded because ATL cells are not considered to
exist in peripheral blood of this clinical subtype. In patients with
ATL receiving chemotherapy, blood samples were collected before
treatment or during the recovery phase between chemotherapy
sessions. Samples collected from 10 healthy volunteers (mean age:
47.4 years; range: 27-66 years) were used as normal controls.

The present study was approved by the research ethics
committee of the institute of medical science, the university of
Tokyo. Subjects provided written informed consent.

Flow cytometry and cell sorting

Peripheral blood mononuclear cells (PBMCs) were isolated from
heparin-treated whole blood by density gradient centrifugation, as
described previously [17]. Cells were stained using a combination
of phycoerythrin (PE)-CD7, APC-Cy7-CD3, Pacific Blue-CD4,
and Pacific Orange-CD14. Pacific Orange-CD14 was purchased
from Caltag-Invitrogen (Carlsbad, CA). All other antibodies
were obtained from BD BioSciences (San Jose, CA). Propidium
iodide (PI; Sigma, St. Louis, MO) was added to the samples to
stain dead cells immediately prior to flow cytometry. A BD
FACS Aria instrument (BD Immunocytometry Systems, San
Jose, CA) was used for all multicolor flow cytometry and cell
sorting. Data were analyzed using the FlowJo software (Treestar,
San Carlos, CA).

Quantification of HTLV-| proviral load by real-time
quantitative polymerase chain reaction (PCR)

The HTLV-I proviral load in FACS-sorted PBMCs was
quantified by real-time quantitative polymerase chain reaction
(PCR; TagMan method) using the ABI Prism 7000 sequence
detection system (Applied Biosystems, Foster City, CA) as
described previously [13,17]. Briefly, 50 ng of genomic DNA
was extracted from human PBMGs using a QIAamp DNA blood
Micro kit (Qjagen, Hilden, Germany). Triplicate samples of the
DNA were amplified. Each PCR mixture, containing an HTLV-I
pX region-specific primer pair at 0.1 uM (forward primer 5'-
CGGATACCCAGTCTACGTGTT-3' and reverse primer 5'-

January 2013 | Volume 8 | Issue 1 | 53728
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Figure 1. CD3 versus CD7 plots in flow cytometric analysis of patients who are asymptomatic HTLV-I carriers (ACs) and have
various clinical subtypes of adult T-cell leukemia-lymphoma (ATL) suggest disease progression in HTLV-l infection. (A) Flow
cytometric profile of an AC, various clinical subtypes of ATL (smoldering, chronic, and acute), and a normal control. Representative cases of CD3
versus CD7 plots in CD4* cells are shown. (B) A two-dimensional plot of AC cases showing the percentage of the D and L subpopulations by flow
cytometry. AC cases were divided into two groups according to HTLV-1 VL (greater or less than 4%). The border line (45% of D+L subpopulations)
between Group 1 and 2 was set based on proviral load (VL). All AC cases with less than 4% VL were included in Group 1. All AC cases included in
Group 2 had greater than 4% VL. VL<4%: n=21; VL>4%: n=19. All VL data in this figure were provided from the database of the Joint Study on
Predisposing Factors of ATL Development (JSPFAD). (C) A two-dimensional plot of all patients showing the percentage of the D and L
subpopulations. The smoldering type was divided into two categories: smoldering type with greater than 5% abnormal lymphocytes and smoldering
type with less than 5% abnormal lymphocytes with skin manifestation. The two diagonal dotted lines indicate 45% and 100% of D-+L subpopulations

{i.e., 55% and 0% of the H subpopulation). Data were categorized into three groups.

doi:10.1371/journal.pone.0053728.g001

CAGTAGGGCGTGACGATGTA-3'), FAM-labeled probe at
0.1 uM (3~ CTGTGTACAAGGCGACTGGTGCC-3'), and
I1x TagMan Universal PCR master mix (Applied Biosystems),
was subjected to 50 cycles of denaturation (95°C, 15 seconds) and
annealing to extension (60°C, 1 minute), following an initial Taq
polymerase activation step (95°C, 10 minutes). The RNase P
control reagent (Applied Biosystems) was used as an internal
control for calculating the input cell number (using VIC reporter
dye). DNAs extracted from TL-Om1 and normal human PBMCs
were used as positive and negative controls, respectively. The
HTLV-I proviral load (%) was calculated as the copy number of
the pX region per input cell number. To correct the deviation of

PLOS ONE | www.plosone.org 3

data acquired in each experiment, data from TL-Oml (positive
control) were adjusted, to 100%, and the sample data were
corrected accordingly by a proportional calculation.

Inverse long PCR

For clonality analysis, inverse long PCR was performed [17].
First, 1 pg of genomic DNA extracted from the FACS-sorted cells
was digested with EcoRIand Psi at 37°C overnight. Purification of
DNA fragments was performed using a QIAEX?2 gel extraction kit
(Qiagen). The purified DNA was self-ligated with T4 DNA ligase
(Takara Bio, Otsu, Japan) at 16°G overnight. The circular DNA
obtained from the EcoRI digestion fragment was then digested
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Figure 2. HTLV-l proviral load (VL) and clonality in each subpopulation, based on the CD3 versus CD7 plot. (A) The three
subpopulations (H, D, L) based on the CD3 versus CD7 plot were subjected to fluorescence-activated cell sorting (FACS) and VL analysis. Three
representative cases are shown. G1 or G2 in the dotted box indicates Group 1 or Group 2, categorized by the percentage of the D and L
subpopulations, respectively. (B)-(D) Analysis of clonality in the three subpopulations based on the CD3 versus CD7 plot. Genomic DNA was extracted
from FACS-sorted cells of each subpopulation and subjected to inverse long polymerase chain reaction (PCR). Representative data of two cases of AC
(B), three cases of smoldering type, including one with skin manifestations (C), and cases of a chronic type and an acute type (D) are shown. PCR was
performed in duplicate (black bars) in cases when a sufficient amount of DNA was obtained.

doi:10.1371/journal.pone.0053728.g002

with M, which cuts the pX region of the HTLV-I genome Results

and prevents amplification of the viral genome. Inverse long PCR

was performed using Takara LA Tag polymerase (Takara Bio). CD3 versus CD7 profile in flow cytometry in various

For the EcoRI-treated template, the forward primer was clinical subtypes of patients infected with HTLV-|
5-TGCCTGACCCTGCTTGCTCAACTCTACGTCTTTG-3’ The clinical profiles of the 77 cases analyzed in this study are
and the reverse primer was 5-AGTCTGGGCCCT- shown in Table 1. According to the gating procedure, as shown in
GACCTTTTCAGACTTCTGTTTC-3". For the Psil-treated Figure S1 [17], we constructed a CD3 versus CD7 plot of CD4*
group, the forward primer was 5-CAGCCCATTCTATAG- cells in PBMCs of various clinical subtypes from patients infected
CACTCTCCAGGAGAG-3' and the neverse primer was 5'- with HTLV-I and normal controls. The three subpopulations
CAGTCTCCAAACACGTAGACTGGGTATCCG-3. Each 50-uL.  (CD3M"CD7"s" CD3MCD79™ and CD3M™CD7'") observed
reaction mixture contained 0.4 mM of each dNTP, 25 mM MgCl,, are referred to as the H, D, and L subpopulations, respectively.
10x LA PCR buffer II containing 20 mM Tris-HCl and 100 mM Representative results for each clinical subtype of HTLV-I
KCl, 0.5 mM of each primer, 2.5 U LA Tag polymerase, and 50 ng infection are shown in Figure [A. Regarding the data for an

of the processed genomic DNA. The reaction mixture was subjected acute-type patient (no. 66), the dominant population was the L
to 35 cycles of denaturation (94°C, 30 seconds) and annealing to subpopulation, in which we previously demonstrated that mono-
extension (68°C, 8 minutes). Following PCR, the products were clonal ATL cells are enriched [17]. Regarding the AC (no. 19), the
subjected to electrophoresis on 0.8% agarose gels. In samples from CD3 versus CD7 profile was close to that of the normal control,
which a sufficient amount of DNA was extracted, PCRs were although in some AC cases, such as no. 32, the profile differed
performed in duplicate. from that of the normal contro}, because in contrast to case no. 19,
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An HTLV- AC patient who was categorized in Group 2 in the D{(%) versus L(%) plot. Middle: A patient with smoldering-type ATL who was categorized
in Group 1. Right: A patient with acute-type ATL who was categorized in Group 2.

doi:10.1371/journal.pone.0053728.g003

these cases had increased D and L subpopulations. Regarding the
data for indolent-type disease (smoldering and chronic), increases
in the D and L subpopulations were intermediate between ACs
and patients with acute-type disease. These representative flow
cytometric data suggest that continuity in the CD3 versus CD7
profile seemed to exist among the various clinical subtypes of
patients infected with HTLV-L

The proportions of D and L subpopulations in all AC cases
analyzed are shown in Figure 1B. Because the high HTLV-I
proviral load (VL) in whole PBMGCs, a VL of >4%, was reported
to be a major risk indicator for progression to ATL [13], a border
line was set based on VL. Group 1, the area under the diagonal
line (D+L = 45%), included all AC cases with VLs of <4%. ACs
with VLs of >4% were distributed between Groups 1 and 2. The
proportions of D and L subpopulations in normal controls are
shown in Figure S2. In this plot, all data for normal controls were
distributed in Group 1. Data for all clinical subtypes are shown in
Figure 1C. Most data for acute-type patients were located in the
area beyond 80% of the L subpopulation and we designated this
area as Group 3. Group 2, which is located between Group I and
Group 3, included the majority of indolent-type (smoldering and
chronic) cases. From these results, the three groups in the D(%)
versus L{%) plot seemed to represent disease stage in each case.

Proviral load and clonality in each subpopulation in the
CD3 versus CD7 plot

To further characterize each subpopulation (H, D, and L) in the
CD3 versus CD7 plot, cells in each subpopulation were FACS-
sorted and subjected to analysis of VL to determine the percentage
of HTLV-I-infected cells in each subpopulation. Results for
representative cases are shown in Figure 2A. The VL in whole
PBMCs of an AC (no. 3) was low (0.89%). As expected, the VL in
H, the major subpopulation, was low (0.8%). However, VLs in the
D and L subpopulations were considerably higher (28.9% and

PLOS ONE | www.plosone.org

24.9%, respectively), indicating that HTLV-I-infected cells are
relatively concentrated in these subpopulations. In the cases with
high VLs in whole PBMCs (no. 32 with 25.34%; no. 34 with
16.97%), the VLs were also higher in the D and L subpopulations,
and almost all cells in the L subpopulation were HTLV-I-infected.

In HTLV-I infection, progression to ATL requires several
pathological steps, including clonal expansion [15]. To further
characterize the three subpopulations based on the CD3 versus
CD7 plot, we analyzed clonality in each subpopulation in patients
with various clinical subtypes using the inverse long PCR method.
Figure 2B shows two cases of AC. In the left case (no. 3), included
in Group 1 in the D(%) and L{(%) plot, multiple bands suggestive of
multiple small clones were detected in the three subpopulations.
However, no major band suggestive of a dominant clone was
observed. In the right case (no. 32), included in Group 2, inverse
long PCR of the FACS-sorted subpopulations suggested that the D
and L subpopulations contained a major clone (Figure 2B). The D
subpopulation had bands of the same size as those of the L
subpopulation, indicating that the two distinct subpopulations
contained a common major clone. Eleven cases of AC were
included in Group 2. All three cases analyzed by Southern blotting
(whole blood samples) were positive for clonal bands (Figure S3).
In Figure 2C, data for three smoldering cases are shown. In case
no. 46 (left), whose only manifestation was a skin eruption with few
abnormal lymphocytes (less than 5% of white blood cells) in the
peripheral blood, only faint minor bands suggestive of small clones
were observed. In contrast, in the other two cases (nos. 42 and 41),
intense bands suggestive of major clones were observed in both the
D and L subpopulations. In no. 41 (right), weak bands were not
visible, which suggested the selection of dominant clones. In
Figure 2D, data for a chronic-type case and an acute-type case are
shown. In both cases, intense bands in the L subpopulation suggest
the existence of a major clone. The series of clonality analyses
indicated that a major clone became more evident and the clinical
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Figure 4. Alteration in the CD3 versus CD7 profile by flow cytometry in accordance with disease progression. (A) Change in the CD3
versus CD7 profile in representative cases. In all three cases shown, change in clinical data (e.g., abnormal lymphocyte, LDH) resulted in progression of
the clinical subtype. (B) Change in the CD3 versus CD7 profile in a time course in the case of chronic-type ATL. Clinical data are shown in Table S1. (C)

Flow cytometric data in (B) are summarized in the D(%) versus L(%) plot.

doi:10.1371/journal.pone.0053728.g004

stage became more advanced as the D and L subpopulations
increased.

Clinical evaluation of exceptional cases categorized by
proportions of the CD34™CD79™ (D) and CD34™mCD7""
(L) subpopulations

As noted above, the D(%) versus L(%) plot generally represent-
ed disease stage in HTLV-I infection. However, we observed one
case of chronic-type disease and three cases of smoldering-type
disease in Group 1 and three cases of acute-type disease in Group
2. Furthermore, some ACs with VLs of >4% were observed in
Group 2. Representative data from these apparently exceptional
cases are shown in Figure 3. On the left, a case of AC (no. 34)
observed in Group 2 is shown. 4.7% of lymphocytes in this blood
sample were abnormal and clonality analysis by Southern blotting
showed oligoclonal bands suggestive of clones of substantial size
(Figure S3). These clinical data suggest that the disease stage would
be around the AC/smoldering borderline. In the middle, a case of
a smoldering type (no. 46) observed in Group 1 is shown. In this
case, the percentage of abnormal lymphocytes in the peripheral
blood was only 1%, but she had a histologically proven ATL lesion

PLOS ONE | www.plosone.org

in the skin and was diagnosed with smoldering-type ATL. The
other two smoldering cases categorized in Group 1 were the same
as this case. These results indicate that ATL cells in these three
smoldering cases infiltrated the skin, but not the peripheral blood.
On the right, a case of acute-type disease categorized as Group 2
(no. 64) is shown. The clinical course of this patient was relatively
indolent compared with typical acute-type disease. He had skin
infiltration of ATL cells, but no lymph node swelling. However,
LDH exceeded 1.5 times the upper limit of the normal range,
which excludes a diagnosis of smoldering-type disease. Other
acute-type cases categorized in Group 2 were diagnosed as such
according to Shimoyama’s criteria, but also had the same indolent
clinical course as case no. 64. These cases should have been
regarded as indolent ATL.

Changes in the CD3 versus CD7 profile in flow cytometry
with disease progression

In several cases, we could obtain time-sequential samples
(Figure 4). The patient (no. 54) shown on the left in Figure 4A
progressed from chronic-type to acute-type disease. In flow
cytometric analysis, decreases in the H and D subpopulations
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Figure 5. Summary of the study: the CD3 versus CD7 profile
reflects progression of disease stage in patients infected with
HTLV-L. In the percentage of D (CD39™CD79™) versus L (CD39™
CD7°") plot, Group 1 includes the majority of AC cases. As disease
stage progresses, the CD3 versus CD7 profile then changes. With
downregulation of CD3 and CD7, the D and L subpopulations increase
gradually (Group 2). During this step, clones in the D and L
subpopulations increase in size. Further accumulation of genetic
alterations will result in rapid expansion of ATL clones—i.e., evolution
to acute-type ATL. In this step, the CD3 versus CD7 profile will progress
from Group 2 to 3,

doi:10.1371/journal.pone.0053728.g005

and an increase in the L subpopulation were observed, indicating
that disease progression correlated well with the change in the
CD3 versus CD7 profile. The patients in the middle (no. 44) and
on the right (no. 40) were included in Group 2 at the AC stage and
later progressed to smoldering-type ATL. Although variation in
the change of the flow cytometric profile was seen between these
patients, the results suggest that ACs in Group 2 are at high risk of
developing ATL.

The patient in Figure 4B (no. 53) was initially diagnosed with
AC and later progressed to chronic-type ATL. Although the initial
clinical course was stable, an increase in abnormal lymphocyte
numbers was later observed, and low-dose VP-16 therapy (50 mg/
day) was initiated because of hypoxemia due to lung infiltration of
ATL cells. Table S1 and Figure 4C show summaries of the clinical
data and the flow cytometric analyses, respectively. The flow
cytometric data correlated well with disease progression.

Discussion

Findings in our previous analysis of acute-type ATL samples
prompted our analysis of various clinical subtypes of patients
infected with HTLV-I to examine whether the CD3 versus CD7
profile reflects the progression of oncogenesis in HTLV-I-infected
cells [17]. Representative flow cytometric data shown in Figure 1A
suggested that the CD3 versus CD7 profile changed during disease
progression. As the disease stage progressed, the D and L
subpopulations increased with concomitant decreases in the
CD3M"CD7ME"(H) subpopulation. Figure 1C, a summary of the
flow cytometric data of all cases analyzed, reveals that the two-
dimensional plot of the proportions of the D versus L subpopu-
lations could divide all cases into three groups. Group 1, the area
under the diagonal line, equivalent to 55% of the H subpopulation
in which all normal controls were included (Figure S2), contained
the majority of HTLV-I ACs. Group 3 was the area beyond 80%
of the L subpopulation, and the majority of acute-type cases were
included in this group. Group 2, located between Groups 1 and 3
(ie, less than 55% of the H subpopulation and 80% of the L
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subpopulation), included indolent-type (smoldering and chronic)
cases and some AG cases. These results suggest that the CD3
versus CD7 expression profile reflects disease stage. Initially, both
the D and L subpopulations gradually and simultaneously
increased. However, at the clinically advanced stage, the increase
in the L subpopulation was prominent. The change is considered
to reflect the biological difference between the D and L
subpopulations, which needs to be clarified.

In HTLV-I infection, the small clones of infected cells are
considered to coexist from the AC stage [19,20]. A selected clone
from the multiple small clones then grows and progresses to the
malignant state, and the emergence of a dominant clone indicates
disease progression in ATL [19,20]. As shown in Figure 2B-D,
major bands suggesting dominant clones were evident in patients
with progressed clinical subtypes or those in the advanced group in
the CD3 versus CD7 profile, and major bands existed exclusively
in the D and L subpopulations. These data also support the idea
that increases in the D and L subpopulations correlate with the
progression of disease stage. AC cases in Group 2 had high
HTLV-I proviral loads (>4%; Figure 1B) and clear major bands
were observed by inverse long PCR in these cases (Figure 2B,
right). Sasaki et al. reported that two cases of HTVL-I AC with
oligoclonal bands on Southern blots and high VLs (20%) had
progressed to ATL by 4 and 3.5 years later [21]. The two cases
may correspond to HTLV-I AC in Group 2 proposed in our
study. In fact, two cases of ACs in our series that were included in
Group 2 progressed to smoldering ATL (Figure 4A). AC cases in
Group 2 could be regarded as advanced carriers. Our flow
cytometric analysis could apparenty discriminate high-risk AC
cases from stable ones. Follow-up analysis of these cases is
warranted to determine whether AC cases included in Group 2
progress to ATL. Flow cytometric data for these AC cases included
in Group 2 (Figure 1A and 1C) were similar to those for indolent
ATL cases in Group 2. These ACs in Group 2 can be considered
essentially the same as smoldering ATL cases. Some of the ACs
categorized according to Shimoyama’s criteria should in fact be
separated and regarded as a subtype together with at least some of
the smoldering ATL cases.

Iwanaga et al. reported that high HTLV-I proviral load (>4%)
in whole PBMCs was a risk factor for progression to ATL [13]. In
Figure 1B, the AGs with VIs>4% were distributed between
Groups 1 and 2. These findings suggest that not all ACs with high
VLs are currently in an advanced stage, although they may have
the potential to develop ATL in the future.

In general, the categorization by flow cytometric profile
correlated well with the current classification of clinical subtypes,
with some exceptional cases of acute-type and smoldering-type
disease (Figure 3). The only manifestation of three smoldering
cases categorized in Group 1 was skin lesions; they fell into Group
1 because they showed minimal abnormalities in peripheral blood
[22]. Three acute-type ATL cases categorized in Group 2 had
indolent clinical courses. A diagnosis of acute-type disease is made
when the indolent-type and lymphoma-type are excluded,
according to Shimoyama’s criteria. The CD3 versus CD7 plot
may discriminate the cases that will follow an indolent clinical
course from the aggressive acute-type ATL.

The VL in each subpopulation indicated that HTLV-I-infected
cells were relatively concentrated in the D and L subpopulations
(representative data are shown in Figure 2A). These data are
consistent with downregulation of CD3 and CD7 being relevant to
HTLV-I infection, although cells without HTLV-I infection may
also contribute to this change to some extent, as a substantial
subpopulation of T cells has been reported to be CD7-deficient
under physiological [23,24] and certain pathological conditions,
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including autoimmune disorders and viral infection [25-29]. To
more precisely analyze phenotypic changes in HTLV-I-infected
cells, markers that indicate HTLV-I infection should be incorpo-
rated in future studies.

A summary of this study is shown in Figure 5. In the CD3 versus
CD7 profile, most AC cases were included in Group I, in which
the D and L subpopulations were relatively small. Consistent with
disease progression to smoldering- and chronic-type ATL, a
decrease in the H subpopulation and increases in the D and L
subpopulations occur (Group 2). In this step, increases in the sizes
of clones in the D and L subpopulations are observed. Further
expansion of the leukemic clone results in progression to acute-
type ATL in which the L subpopulation has expanded (Group 3).
According to a study by Yamaguchi ¢t al, the natural course of
ATL is to progress from the HTLV-I carrier state through the
intermediate state, smoldering ATL, and chronic ATL, and finally
to the acute ATL, indicating a process of multistage leukemogen-
esis [19]. We consider this study to successfully link the progressive
clinical status and phenotypic changes in HTLV-I-infected cells.
However, the way in which this profile reflects multistep
oncogenesis in HTVL-I infection at the molecular level remains
unclear. Further molecular analyses of the three subpopulations
will help in understanding the mechanism(s).

Supporting Information

Figure S1 Representative flow cytometric analysis of an
HTLV-I asymptomatic carrier (patient mo. 32). The CD3
versus GD7 plot of CD4" cells was constructed according to the
gating procedure shown in this figure. In the plot, we designated
three subpopulations: H (CD3"$"CD7"¢", D (CD3*™CD7%™),
and L (CD3%™CD7"").

(PPTX)

References

1. Yoshida M, Miyoshi I, Hinuma Y (1982) Isolation and characterization of
retrovirus from cell lines of human adult T-cell leukemia and its implication in
the disease. Proc Natl Acad Sci U S A 79: 2031-2035.

2. Osame M, Usuku K, Izumo 8, Jjichi N, Amitani H, et al. (1986) HTLV-I
associated myclopathy, a new clinical entity. Lancet 1: 1031-1032.

3. Mochizuki M, Watanabe T, Yamaguchi K, Takatsuki K, Yoshimura K, et al.
(1992) HTLV-I uveitis: a distinct clinical entity caused by HTLV-1. Japanese
journal of cancer research : Gann 83: 236-239.

4. Proietti FA, Carneiro-Proietti AB, Catalan-Soares BC, Murphy EL (2003)
Global epidemiology of HTLV-I infection and associated diseases. Oncogene
24: 6058-6068.

5. Yamaguchi K, Watanabe T (2002) Human T lymphotropic virus type-I and
adult T-cell leukemia in Japan. International journal of hematology 76 Suppl 2:
240-245.

6. Murphy EL, Hanchard B, Figueroa JP, Gibbs WN, Lofiers WS, et al. {1989)
Modelling the risk of adult T-cell leukemia/lymphoma in persons infected with
human T-lymphotropic virus type I. International journal of cancer Journal
international du cancer 43: 250-253.

7. Shimoyama M (1991) Diagnostic criteria and classification of clinical subtypes of
adult T-cell leukaemia-lymphoma. A report from the Lymphoma Study Group
(1984-87). Br J Haematol 79: 428-437.

8. Tsukasaki K, Hermine O, Bazarbachi A, Ratner L, Ramos JG, et al. (2009)
Definition, prognostic factors, treatment, and response criteria of adult T-cell
leukemia-lymphoma: a proposal from an international consensus meeting. J Clin
Oncol 27: 453459,

9. Takasaki Y, Iwanaga M, Imaizumi Y, Tawara M, Joh T, et al. (2010) Long-term
study of indolent adult T-cell leukemia-lymphoma. Blood 115: 4337-4343.

10. Hisada M, Okayama A, Shioiri 8, Spiegelman DL, Stuver SO, et al. (1998) Risk
factors for adult T-cell leukemia among carriers of human T-lymphotropic virus
type 1. Blood 92: 3557-3561.

11. Imaizumi Y, Iwanaga M, Tsukasaki K, Hata T, Tomonaga M, et al. (2005)
Natural course of HTLV-1 carriers with monoclonal proliferation of T
lymphocytes (“pre-ATL”) in a 20-year follow-up study. Blood 105: 903-904.

12. Kamihira S, Atogami S, Sohda H, Momita S, Yamada Y, et al. (1994)
Significance of soluble interleukin-2 receptor levels for evaluation of the
progression of adult T-cell leukemia. Cancer 73: 2753-2758.

13. Iwanaga M, Watanabe T, Utsunomiya A, Okayama A, Uchimaru K, et al.
(2010) Human T-cell leukemia virus type I (HTLV-1) proviral load and disease

PLOS ONE | www.plosone.org

CD3 vs CD7 Plot Shows HTLV-l Disease Progression

Figure S2 A two-dimemnsional plot of 10 normal controls
showing the percentage of the D and L subpopulations.
(PPTX)

Figure S3 Southern blot analysis of clonal integratien of
the HTLV-I provirus. Representative data (AC, No. 34) are
shown. In EcoRI or PsiI digestion, a band indicated by a red arrow
represents the monoclonal integration of the provirus. The band
pattern indicates that two major clones coexist. This analysis was
performed by a commercial laboratory (SRL, Tokyo, Japan).
(PPTX)

Table S1 Clinical data in a case of chronic-type ATL
(Ne. 53). Proportion of abonormal lymphocytes in the preipheral
blood WBC were evaluated by morphological exmanination.
IDH: Lactate dehydrogenase (normal range, 120-240 U/L) sIL-
2R: soluble interleukin-2 receptor (normal range, 122-496 U/ml).
XLSX)
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