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Use and Application of Flow Cytometry for Adult T-cell Leukemia-Lymphoma

Kaoru UCHIMARU, MD, PhD*

Adult T-cell leukemia is one of the most intractable hematological diseases, which is caused by HTLV-1 infec-
tion. Kyushu and Okinawa are the most endemic areas in Japan but the distribution of HTLV-1 carriers is
changing because of migration to megalopolises such as Tokyo and Osaka. ATL is divided into 4 subtypes:
smoldering, chronic, lymphoma, and acute types, and the latter two are called aggressive types. Treatment
outcomes of chemotherapies showed little improvement for more than 40 years. Recently, hematopoietic stem
cell transplantation was shown to improve treatment outcomes for ATL. Morphological estimation of tumor
cells in the peripheral blood is very important for sub-classification or evaluation of the treatment outcome for
ATL, but it is often difficult to discriminate tumor cells from normal lymphocytes because morphological abnor-

" malities are ambiguous. We developed a new flow cytometric analysis system to detect ATL cells, which we
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named HAS-Flow (HTLV-1 Analysis System). HAS-flow detects ATL ceils as CD3%/CD7-negative popula-
tions, which revealed the presence of an intermediate population. This system could not separate normal
CD4 T lymphocytes from these intermediate cells, so we introduced analysis of CADM1I expression in this
system. The new flow cytometric system successfully separated CADM1~/CD7* (P) normal CD4 T cells,
CADM1*/CD7~ (N) ATL cells, and an intermediate population{D). The CADMI1/CD7 expression pattern
reflects the progression of HTLV-1-infected cells into ATL cells. The D and N populations detected in the
peripheral blood share many characteristics with aggressive ATL cells, which means basically these cells have
features in common with ATL cells even in the carrier state. HAS flow is useful for monitoring the clinical
course of ATL and HTLV-1 carriers. [Review] [Rinsho Byori 66 : 867~875, 2018]
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A T MR A M U o2& (Adult T-cell leukeqnia-
lymphoma: ATL) ixt + THIlRAMKEY A VA 1 H
(Human T-cell leukemia virus type 1: HTLV-1) DE&H
ZroTRZARME T MIREE TH D, ATLIE
1977 &, WEEFTER K2 D Uchiyama, Takatsuki &iZ
E b % LU clinical entity & L THRMBEN LY, ATL
DEBBAOEEE TR, KBRELHS Ttk
JE3 2 L C Sézary SERBEL KM T MfaY v &
(CTCL) b 2Wishizy., ATLD 5 b Y v iR
$HE A Hodgkin like O #k# %2R b Ol Hodgkin
YU EEBI STk ARbN., ThbHDEE
BAMIZE N OIZREDP L5 BRS b Ich T,
F 7. BE BMaETHBEMEY »MEEIRIZE
7o THIgEOEERR LN, FRAVEBENI EARDL
N Tz, Uchiyama, Takatsuki & ik Z i & DEEH
D, FBITENDNALB R SN BRI R E
EMAEPRHE L. BREEFREEADDHI L,
BEOMSHMAAMN, HHEERBICKEIRoLHRE
BAFiERT, REOEHEMN L ATL W HH LY
FEEMEA L UTCHRIE Lz, ATL ORRICIFFHART
VY — FKidhd, Yk, RETHS ATLIZHS
EREAZELTCWEBAIZ. BEOHEHEBLUTND,
WhWBIBLAROERTHDHZ LITRIE, RE
BHERT D LEBAMNHE TH T T &b b HEH
DERESFIZEAINCLENIDBDTHLIHB, TD
TPV — FREBEIZBNTRELISBETIIL
DEEMIZ KD TESPETLND, ATL OHEE
ik, ZoEROERE LTRENERN EDLS
T LrERBLTEY, FOHho—0k UTERREERN
HIFbh. ATL OHEDLIMPSLFMBPD YA VA
mife DG NEEHN Y. Z D% Miyoshi, Hinuma,
Gallo iz kY ATL MIANABRIIZ L2 HDTHD
= L. FOREERYANADER Y SEE ST,
1982 £Eiz 1% Yoshida Hiz LV 9B DL bRV A
NADEE ) ARFIBREESNLY, TRBRED
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HTLV-1 ThH 5,
HTLV-1 RBEEOARICBIT DX LMEES

NI XS EYRHY. SN, EEEE. HEKF

PREH b BHAER D T ORI, Rk, 5
MR RN, RAbHE KRR R
YEHFBHZELRTES, HRMIZATHERER
1% (endemic area) & % 5 TRWHIEAH Y, FET
FYH. HT 7V H, ma—F¥=7, FA—ArTY
7O, b TEREEE. k. ZLTEHER
L 78 endemic area TH B, AFLizPBIF 5 HTLV-1
RS IE 1988 SEDRRILT — X &2 b LI LIcHERET
B 120 F A, F0 5 biuM, HiEHGEEEO
Ry 50.9%, FEMFEEE OHEIX 108%TH -
Fe i, 2007 EQFBROTAETIZRETI8HAL
ek LT W ie b H3, BRE R ORI
17.3% L ML Tz, Zhid HTLV-1 BEE R E
HE~BETZZ LI VEROSHEBRED>TE
TWBAZ k%R L. endemic area DOHTIEEL,
DLAZNETHEVRMESNTI P o7, non-
endemic area DREFHICBITAIMNENREETHSH L
LERLTWD, 2011 4 5EIZ X% HTLV-1 &
SRPEREB SN, ERTEAIE LTEIARAR
TH HTLV-1 ik DA Y —=2 22T TN,
2012 fFE DIERIRBIT BT B HTLV-1 filFfBiEE
DEGERFERIHE R LIUE, REBERBITRNT
AFEE 3. ERLBHICOVWTESNTHY. K
HHER BT AHERDETHE I LEWE->TH
. 2016 TP R TIXLETH 8 TAL
BoTRY., WMRERIIZH 2B, S%Lb2EY
RNV TCONEBBELIRD, \

I. ATL & HTLV-1

ATL iZ HTLV-1 DEBORE LI > TEBTH D
. HTLV-1 i34tz & HTLV-1 BHEF§ERE (HTLV-1
associated myelopathy: HAM), HTLV-1 A& 5 i
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(HTLV-1 uveitis: HU) 72 &, #EMRBLEEEZ
Fo ZROLDEBERIET DDIRBHREDS> LOT
X—#THY. ATL ORBRPHFITBITHEERERIX
5%F2EE, HAMIZOWTIX 0.3%RE LR EN T
%, HTLV-1 ORB#NL— MIZ LA EBFALZML
Te B RBS, ERBIRIIBRRLELLRTNS,
O TIENIURER D > T L E X Hh B2, 1986 4
LAEe B R TH HTLV-1 JiERENREBEA SN TLEZ
BELEZOLND,

ATL #RET 5 DR FRERFIEELDONTNS
B, ATL B OERHREIRFOE 11 REER
ETIH688MTH VY, Beh b ATL OREE TH
T04EPMBZ LIz D, HTLV-1 BiRkic X v RY 7
o — VI HERE LAFEAE U fe B ic i 8 10 8 iR
FRE, TP zRTF4 v I REEREPEARER
DEBERNRAEZEERILTN EELLNS,
ZOBRO, FIPbLEEEEMENMT. BELWY
S5UDDEHEDIEFICEDEELOND, ZOZ L
IX ATL. #FiZ indolent ATL 2 XD L 524 2
LEBIEETAMEETH S, 2 LD HTLV-1
B OFRABMApICREY VBB AEBNRBZ LS
U TIHATL LW BBICIER LR NWRIREET
RETHBD, ATLIZ 1992 FIZRBES N TFILSHE
(Table VABEETHRF VX —KThHbB, Fllig
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BT ATL X, <7503, &MEE, ) 3 EH,
AME, D4FRIFITENDIN, ZO5HBR2EF
IR ERBRRRBERS Z &£ 5 indolent ATL.
—FH% 2 HIXRERBBERS Z L5 aggressive
ATLIZE LS n5. ENFhOEEIIRTH O
LU RAECLE <THVE 106%, @R
14.2%, U > JER 25.7%. A 49.5% T indolent
ATL i3 teEspg 2 <. HEBIRYZR ATL i aggressive
ATL CHB L WS WTERY, ZD5L, K7
SYEGIREIMAOREY VSERN 5% ERD S

N, —EEBERERV URE &7 SIER LU

ERSEE LS. ELORETF-FIEE, 2
LBRMARRRBICEEEZLOTHS, LD, BE
IR, EVWSEEPBIX, BHHT. <THELE
ATL F EBERES Y V7 EOBERELEIEXLDIPIR
B OKMNRH D EBbIE. ZOHIZOWTIER
OTHRT D, BERIIKWMLPOY > SBROMx
A3 4,000/mm® BL_EiZEML TWnWBZ 4 7T, ATL
RIS BMEY »AEE MK D counterpart 1ZFH 24
THHDTHD, BUEEIPEHEE. &, HILER
R L OHIEAKIED - TR SRV, Y v HilE
ROBFEIZOWTREENRNI LILEREET S,
UV ERBERH DT TR Y VN BR, AR
260,

Table1l ATL O TFIU&4HE

FTEYE|BER | U ER | SEE

#i HTLV-1 HiiF + + + +
)Y RERE(X109L) | <4 >4 | < '
HE) B 5% | +M | =1% | +
TEHIAS (flower cell) ﬁ/\’ W4 - +
N ST S .
WEANVY Y AmED) | <55 | <65] |
HBZ0H3Y) R EER no yes
fEEwmE FEK | 00 o —

ERER |...mo.

PR | no | mo

B o] 00 |

MoK o |mo | no

Mk |...mo no

1 R .. - no

BR ®

Tl (b)

(@ B T Y _BRAS%RMOHE, HECHCEEERENH D Z LHHEBR TIRHETHDH Z &,
(b) B T U L /SERA 5% AR DBFE, MDD TEA S W IR LE, )
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Figure 1 ATL BERMMIZRONZREY /%K
(A) LEshynEIg 72 flower cell, (B) BEIMEMNEEERRE Y V8K« BREBORBEDORE, EIh
LARBIYVAREDETIPHMIZEI Z L DH V. BERERC K> THERBRRDIIEBHY 55,

Aggressive ATL O{tLEEFREDREIL, A DR
HRERTORTELZLROLTRERKEIIAL LN
THELHT. BLLR2EAEOTFEREOHERTI
EEHRIRRER 9 » AR L. TIUAEMRREERS
RIEREHEARTIEE A FHERL BN TNRN,
2000 FEAUZ A » T ATL i/ LT HEISDOH D EH
Tt AR EAEENICThhd L5
BoTETRY, HLA —E MK, EMBEBET
WUHBEOEMEERELRLTWSY, 2. B
AR ES. BRI Z NI CCR4 ALE
(mogamulizumab)®, LU K< KW ERHFA
Eh, BERSEOEENRE/FII TN,

II. HAS-Flow DA%

TSI o TR I BT, B, ATL
OEFENREBHETIIIHIY. REMPREY
NEOEBIIFEHCEERERZF0. BN
ATL 2 BIFBEE DV > %K (BEEHHR) iX Flower
cellJEHTRA) & UTRER BRIZICENIIAL DD
RISHMINR TR L B0, AR EIZBNTHR

B DROWIERB L EREME LS <. STHRVE,

BRI ¥ o indolent ATL IZRBWTIL, & LA%EH

WotMIRBEETHY . B LERETRN L,

LIFLIZZ0BENREETH S (Fig. V. £2Z T
HAIZAMEEMBIZBI S blast gating D X 572,

—870—

Flow cytometry iz & % ATL #HAE D B RRIFEAM % XA
7z, ATL #lif8i% CD3 OFEBA down-regulate TN T
BY., FLALOERTCDT NEETHDIZ L
5. %3 CD4 BBHMIRICBIT S CDY7 DHEBIC &
Y CD4"/CD3%"/CD7” DMt & L THRIHT 5%
%A% L HAS(HTLV-1 Analysis System)-flow & &
@4 Ui (Fig. 202, CD4*/CD3%/CD7” D4 H %
V=54 v LTHA DA VERTHREBET
3. ZOREIRZEE) VRAROKLHATH Y.
inverse PCR {Z & % HTLV-1 712 7 A )V ADfHHA
KB DR, 7u—H%A b A M) —ERANWE TCR
DUANTEFOER, /o —FNVIKEMELTNDS
#ATHBHZ EBAREN. ATL OfEFIRERE L
TWBLDEE 2 bz, ATL BERM ML %R
B LT B R AR U CRHI LA SRAE M B Y 8
BRERPSEM ULREY VNRE L, FBICED
BHUZREEY »8BREUL. linear regression 1.034.
Pearson’s R=0.963 L fis TRWHEBZEZR LY,
aggressive ATL JEFI ORI % HAS f##Hr$ 5 &
CD4*/CD3%/CD7” D ke, 3 X8 CD4"/CD3”
/CD7* DIEH# CD4 Bt T MM SR O Ric CD4"
/CD3dm/CD74m by 5 )72 phenotype % 7R3 HlifE
BANEETIEAR—HED NI, ZOEMIX
% O FEII 72 phenotype T B Z &2 HIEFALD
B O R B RE DM ER 2R H LTS RIEE RS
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Figure 2 HAS(HTLV-1 Analysis System) -flow ¥ (55 1 #£4%)1?
Pl MDA Z Z— F 7 ™7 h LTzdDh CD4SCD14* D BBk %% — 77 k L, CD3/CD4 Bi:#mia
i2— N B2 T CD3/CD7 ORBELV ANV TRELIZ DD TH S, k> CADML ZHARAAT HAS

L XA B -5 1 AR (first generation: 1G) & IES,

MEShi, £ 8802y —-714 7 L THIR
R ZFERR T 5 & CD3%/CD7 D&M A RE: DA
WHEIF 72 ATL MIIETH Y. CD3™/CD74" &M
REBRNEBEEOBNERThH o, £, EER
3%+ U 72 b indolent ATL. aggressive ATL D%
WREID ATL IEW £ THRAGM & AEIC X V@i Lic
FESR, FRRSIML 7 w7 A N RE (PVL) D2 WEHID
LIRGIWPVL AR L, <THVE BHEE, &
HE LR ENER T B o T, CD3Y/CD7T bk
4z CD3%/CD74m R AW L. & & iz CD3%y
CD7 ~¢& phenotype BWE/LL TN &EX BN, &
i HTLV-1 B0 LR e=4—75
DIENTFELEZL LN,

HAS-flow ¥ (1st generation) (D—->DREIE &% CD3*
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/CD7* D& & CD3%/CD74™ D4R D4 BEASTEVVE
FIBENT & Chofe, CADMI1(Cell Adhesion Mol-
ecule 1) & TSLC1 (Tumor Suppressor of Lung Cancer
D & HIFINZBAMERIEZFTH Y. I NN
MAICIBUNT 1998 4 Murakami 512 & Y HZANIZFE
Ehi®, CADM1iZ®RESa 7Y v A—=R_—=T7
IV—ZRBRTHIEELTTHY., ZLOHMMBMTREA
LTWAA, MRS i3 RMmBRIC TR, S
TR THEETH BN, FOfizidiFhek, B
ThTPERERR LN DA T, EAFZHEHL
TR, 20054, EIHKZO Morishita 5138 7#
HISSHT U A Btz & » T ATL TERERE L TW
B29F0D—>L L TCADML 2RELLY, &5
4k &1k HTLV-1 %+ U 7KL+ o> CD4 B ffiiia
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HAS-2G
(HTLV-1 Analysis System
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Figure 3 HAS(HTLV-1 Analysis System) -flow % (5 2 t£X)
HAS-flow 1G iz CADM1 ¥B@ii &% . CD7/CADMIL TRH L.

o> CADMI ATt ASRAS ML PVL & 4HR83
R LAEBRMELLEYR, ZoZ Lix CADML A
HTLV-1 B DR BB 0O R Br b F
B2 2 k&R LU HTLV-1 BMis o baE
DE=g—, ATLEBHEBORHMIZAERATHLIZ &
AEIFEShic. #Z T HAS-flow ¥ (1st generation)
iz CADM1 OFHEAr2BM L. CD4 Bt T #ifiaz
CD7. CADML GREBI L7 & Z %, CD77/CADM1™
(P). CD7%/CADM1" (D). CD7 /CADML"(N)® 3
SOERIZSPNDZ LR, Y., K% HAS-
flow 2G(2nd generation) & fr 45 L Jz (Fig. 3)®.
HAS-2G iz & v HTLV-1 ¥+ U 72 & indolent ATL.
aggressive ATL D& fEH O KA % fFHT 4 5 &\
HTLV-1 %% ) 7IIZBW T, PVL ASEEM U TRIEA
HFFF Bic o T P %M HREIC D DHERAE
MLTNE, S5 NOER~BITLTNIZER
Ph» 35 (Fig. P, N OHEFIX inverse PCR, 7 12—
HARAPM)—i2XB TCRVARANTEFTE/ 7
o—F B L TWAEMTHD Z EARENT.
HAS-flow 2G Iz & Y f#@fr Uie HTLV-1 BEiiaz
FEOP, D, NO3ODEMIZAE LT, EOFEK
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DT o Tz, BEREFY VT, <THVEL

BER, ASEES., BXOERREORMMZ
HAS-flow 2G TP, D. NRERY —F4 7 LT
BETFRET VA BN EToTI ZRAE ) v TN
25 L. JEREMRE ¥+ )7, indolent ATL ©
P. ¥+ U7X Windolent ATL ® D & N, SiEE
NRZZFREFRISAZ ) v FE&hED, ik, 3%
T ATL M CRENR IMFI SN TND Z L HHRE
ENTV3 mR-3IVOFERLNVERNTDI L. &
WEO P SETIIMEIRR SRV, FX VT
BNTH D AEOLEFIZERCHE S £ ORHSHMHI S
hTBY. NOEFATIRAREIICEEKT 2K DR
WREMEI AR Lz, miR-31 OREMEIIZ LV A
MBI ATL TR Y 23— A EAKEMKT 5 EZH2
DRABFTEL TR LEZLRDRY, F¥ V7
ZBNTH D. N OEFTIX EZH2 OB L AN
EFRLTWE, Ebiz, B85 ATL iR 61D
IKZF2 (Helios) DA S S5A VU FREDINHDD
2N OLEFATHIZRD bhic®, ZhbOFERM”S
HTLV-1 B MR35 B RS A DR T, CD7”
JCADM1 %> & CD79™/CADM1* D E:bE %% T CD7
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Figure 4 HAS-flow 2G 1T & 247 (55 2 fit4%)
ERERMEF YV 7S HAS HFIOERICHEWIRE I CADML 23fBtE L 72 Y CD7 ORFH L NAVBRET

LTn<,

JCADM1 * ~~ & phenotype # B 2 T Z &,
CD79"/CADM1"* D BB THEIZ ATL & LTOEER
REREERBLTNWSAZ L, ZhbOMERIXEE
ICAEFE R v U 7 OB TREBOETIZE>TRE
Wiz FEETSZ L, indolent ATL @ CD7”
J/CADM1" D&MIZEEE v b - TaERI~E
CBLTWZEBHREENS, LB THY UT
D EEED RS ML o> CD4*/CD79/CADMLY 8 & TF
CD4*/CD77/CADML D&MD HE, B I UZ DM
FREoX—THIELIREID, HILV-1 X+ VT2 5
ATL OFIEZ R TORTERMTE S LELBND,

I, HAS-Flow D it:H

HAS-flow 2G iz A RICABE A BND, ¥£F
HAS-flow OBRRIZH T o 2 BW D ERTH B K
M DfEEMa L ERBMICEMT I &tk #
FRE LV EBWCHEMET S LFATHZ L
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NEZ2 b5, BUEATL I L THE—IRIB IR
TEHFELEZ DD ENMIaBRE 2 Big L
BERFHEELZD L, BEOBFREMRICLLD L
B E TOHEN 100 HEMBOREH A, 100 HEL £
DEFIZHRTERREFEERB N @G Sh
T3P, ATL iZIER IZIiBA Al 2815 L7
VWEFETH Y. MEEREARERIZV oTCABE
KEIELTWTHBERENELTIEVWS 2%
VIR UISIRERT B, Licddo> T ATL T8t LTl
IR E BIsT H# 2 MBFAHITIE. (LEHRER
HBE &b RF—DRFETY, KF—OMREAT
FRE., WOBEM (PR L EDOBFIRBELNTY
MEEMMIABHEEZERT 2 L V5 HFHBLETH
35, ATL OBEBRENHBNBERETHLZ LD
HoT, Mk K F—2B5n3 eI EY. Lk
Mo TEEENY 7 &4 UTc JEIMEBE 217 5 EEHIA
%2 BH, WE RF—05 5N THREOMEHITH
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RIMBAREZEbHY. ZORAFEHIRE DRE
Y —AEANWE 3 %52, HASHlow 2G XA K
I A BERRIC KT 5 DT, (LEREORRYRE
o — L, EEEDEIHENRD >THAITIE
BEINY Y RF—2fleditfhEY —RiZ L 5B
BT EWSIRABEZ NG, BE
ATL 2895 HLA ¥ ABBHEOREE L HEEE
RATIHERROETHTHY. SH% ATL ITH
T B EIMMISBIEY — ADREY —A~DOH Y EH X
DU IIBRAEE I RDLBEENS., £k,
HASflow 2G IHMVNREREORIIZSERTHS
LEz LN, BEBHEEORMILEZ HASflow 2G
TE=Z—TBE. BREADEZ THKNRBED
BV o e A% LT Wiz CD7 /CADM1™ O A3
HELTBY., SBEAZERT. ZOHFREEE
HTdzlicky., MEFHBEREOMIZBEREOKR
FRAOLT, BHIRENRAIORERE ONALR
WHRICR D Z LI SN D.

HAS-flow 2G D% — VX EEREX v )V TH 5
ATL OFEICET CTEREIZEIL LTI LB,
HAS-flow 2G D2 — i & W BEABEZE=X —
THZENRTRETHDI L LI, BEV A7 I7NV—
TOMECHERATHHZ RSN D, AKX T4
#Hlo HTLV-1 ¥+ Y 7. indolent ATL fEHI&3F4IC
HAS-flow 2G T X 2B &, Th b DEFDOF
% a3 L. CD79CADM1"* (D) 8 X TF CD7”
JCADM1* (N) D & 525 10% L T GL, 10%5 5
25%D G2. 25%H> 5 50%D G3. S0%LL LD G4 25}
HTBLGI~GIIN—7LHBLTGL NV
REEOERETRIIICAMEL UL, ., &I
BiEF+ U 7 DEFDAT indolent ATL 2&¢e ATL
DREEZRFATE L G3+GA SN —FRERICEE

I ATL 2558 LT\ ie GRXC# ). G3/v—7
T RIERTUSELELTEYE ATL A HE NS ES
LRy ) TRAEESNIEFABEEL TR
D, ZhHDEMIDBIVUN OHFEOLLRITE
Wil <, Zh oo D, NofEX EROEY i
FRBEREDEDTEINITHEER RN P LS
FHEMEFERICE G BT DEMIZFE— DEE L A
REOREYTHA 52, HTLV-1 BRESHieOER
ILBRIZRBNRZBRESATHY, Thbd
GIEMAEEBELLLZZDONE S, FIh bk
JELEX B0, Ebicit. 2D ZFDEE LM
. WS EEARDTREL TS EEZ2HND,
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HAS-flow 2G iz X Vi &5 D OHBHIZELRE
IZATL 2 LTOSTFEMBRREEZRREZ T
5, EEREXY VT ORENPLINGDOD, NO
BEARAH LN, ThHIEBLADOBRETFRE, =V
) LRE R ERER L T aggressive ATL~LER
LT &z bhd, K. S50 ATL #ika
DRI LY ATL ORRTFREORXJ|MAH LN
Ehi?2n, HASflow 2G it k- THHEIN D
HTLV-1 GE2eH0 R o & 4k o o RS B B oD AL D fi A
kv, ZhbOBEOHT. ATL OFBEROE

CBicEbAHORE L, BRILOERIZBEOIR

BEARBMUTRHTSZ LRI T LR
ENnB, ¥l HTLV-1 BHd ATL & 5 EE R
g L HTLV-1 B8 % &64E (HTLV-1 associated mye-
lopathy: HAM) & 5 #IEMEKE B 22 2 ¢ 28,
HTLV-1 Bl EE Lz s 5 MEaR 2 s
+3z Lizk b, FEL HTLV-1 Bmias, ATL &
W5 ERERE R RET5—F T HAM &\ 5 £
M B A e AR BRIEORIE D A 1 =X A DE
BHIzoRRBZ L biifsha,
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