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FKEPURODHT 24T 72 & THRRIIR L 72y 0 THIKE THIlLE Lotz 2 b fEn
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~83.4% DM EG A R L7z, x5 & LTV 7z Epstein-Barr 7 1 )V Aj@&gett “IEH” B Mk
(BLCL) 5%k, B85, B234, B250, B407 5 X UF B422 |Zx 9 2 s EE 1 0.3~19.0% T - 7-.
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Abstract

1-Hydroxy-2-imidazol-1-ylethylidene diphosphonic acid monohydrate (Zoledronate) is known as
inhibitor of osteoclastic activity and stimulator of Vy 9V 2 T cells. Peripheral blood mononuclear cells
(PBMNCs) from thirteen volunteers were studied. Cells were placed in culture flasks containing AIM-
V medium supplemented with 5% autologous blood plasma and 5 M Zoledronate in the presence of 200
IU/ml IL-2. Cultures were continued until 13 days, and sufficient culture volumes were obtained for
characterization. Expanded cells showed the characteristics of y¢ T cells, carrying mainly Vy9Vé2 T
cell receptors (TcR) at a rate of 82.0+4.6% with a certain expansion rate (1,782+463). Phenotypic
characterization revealed that the expanded population comprised y¢ T cells, but they carried various
natural killer (NK) cell receptors such as CD16, CD56, CD94, CD158b, CD161, and CD314. It was shown
that cytotoxic activity rates were 20.2-86.0 and 36.8-44.4% against K562 and Daudi cells, respectively.
In addition, in order to investigate the cytotoxic activity against myeloma cells, 6 myeloma cell lines
(AMO01, MOLP-2, MOLP-5, MOLP-8, RPMI-8226, and U-266) were selected, and cytotoxic activity was
detected at a rate of 16.8-83.4%. Five “normal”’ B-lymphoblastoid cell lines (BLCLs) including B85,
B239, B250, B407 and B422 were simultaneously used as target cells, and cytotoxic activity was detected
at 0.3-19.0%. In conclusion, expanded yo T cells showed NK-like T cell characteristics, carrying various
NK receptors, and exhibited strong cytotoxic activity against K562, Daudi, and myeloma cell lines, whilst
they did not display any response to BLCLs. Expanded y ¢ T cells could be a useful tool as not only effec-
tor cells in clinical applications for cancer immunotherapy, but also in research for the cellular

characterization of y¢ T cells.

Key Words: yd T cells, Bisphosphonate, Cytotoxic activity.

o4

AR, yo BT IR (yo TeR) 28
%) VSERIE—EOD A E RS & L7 il
FRBZEERIDH S A SN TS V25, o
PREZ WO & T DA RFEEIC BV TRES
DIFEMOLEHAFRLENT VWD, ZORKDE
(&, FMIM T MIFE O TR 5% R & AE T
0PV RN (26 B 2 Rl B D e P 205 TR e
BRI EPEITHEND,

Tanaka 5% 13V ¥ AN THIE W E A 7o
TcR DURR) 7> Re B 2 E 2 BHLEMNITL
7z. Li#, Bisphosphonate AHEH| 2SS 5 6
T AL 2 R HRS ST 5 S LSS D E o
72°. Bisphosphonate AN E H L ¥ 7 AL
JEZLE ) MR & 0 DOV I HE 123
T A E WIS & LTRSS s
B, ZOEIFIZB W TG ES Ml 0K
THROLNIZFF 27 0F T — (NK) MFRiEHED
PR AR S AL, BRI O HEFEH ANE
HaN7-. 2055, Bisphosphonate sASH] 12
y o T MRS 2 Fr R 1R L BE0E S & 2 /ER 3

il

WS E o7z,

HILH IUIARZER] & T & L T in vitro T
VT, & MRS ¥/ SEROEFERE ATV, 50
TAMEARAEIR T & 5 Z & &Rl L7, B
BEIE L7z y 0 TR OMIRREREZ 5 TTIZHIfEZR
HPURFERMO3H B L TR L3 b 7 —fif
W, 7294 M A A VEAREICOWTHT %
oz, &612, Bgru—vfbash/ys T
MRk & et 247 > TRy o T Mz
ORI Z S 2T 5 2 & 2 ilA T,

M#E e T &

A
1. M AAAH ML HAZER

HWHART 717134 B34, 10
%y, AW 31~76 1) & D ~oN) IR I O3
ez F7z, =B, AEBRIIMFEITImHEER X
ICL o THITEN, ANVY U FEELBTLT
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A 1-hydroxy-2-imidazol-1-ylethylidene di-
phosphonic acid monohydrate (Zoledronate : /'
Ay (N TF 4 AT 7 —<HREH, )
X BRI A T, 13 HIEE RO R, Frashdig
HELSPITyo THIROEZERIZOWTOM
Hax T, F72, 4K/ OWTIIREERIE L
7o IC D CHEOEU RS kI X B R EHUR
DOGHE, 72, RT-PCRIZE By 6 TeRY 74 1
T ORI A NI A VEERIZOWTOME
Ei1o 7z,
2. HiRakk

b yo TeR A E L CHIMIF - Eik)
>N SR AR PR 4 #%, MOLT-14°, PEER?,
LOUCY® 3 X OFSNT-8” 7 & U2 HTLV-1 [
P IL-2 KA y o T #ifle#k HMGN-167" 0 1
PREFS MR A LB B & LT W/ F 7,
Zoledronate M £ 58P HEM I 209 5 R
R INT B 728 6 FEHH D 25 58 V5 HhE H SRl
¥k, AM01", MOLP-2", MOLP-5", MOLP-
8" RPMI-8226", U-266" 5 L O"Z&k) %
SEERME A IMFANA R NALM-6"7 72 & DN “1IEH”
BV v SSHEEAEIFL (BLCL) 5 #k, B85, B239,
B250, B407 3 X 1F B422 % &0 & L CTH W
7z. BLCL5 ¥k® % % B85 13 NALM-6 & [a]—1
RICHRS 2 IEA M HSRAER TH 1 |, [Fkk
|2 B407 i MOLP-5 & Z 1 Zifa—fE kI ik
35 IEEESE AR TH 5. b oMl
bk & Bl & L CHElEEs s L7z y o T AR
DM EE OB 217 - 72,
3. Zoledronate ® E @R DS

EFANLL LD~ IR % $RI L
PBMNC % 708 L, 5% H I3 7% 5 U2 200
IUml A >%—8a4%-2 (IL-2: EfET-Hs
a2 I IL-2, Primmune Inc, #i7) 700 AIM-V
¥# (frebayoryro8y, B 128
SRR L CHIfR T S, e
13ml % 6-well plate D& well |2 ZAA, #
NZEN D well 12 Zoledronate % Fx & EE A0,
0.1, 05,1, 5 BXU10 xM &7 5 &I
LT Bl L7z, Dk, Aifassiics CC
AIM-VEHZ N2 285 HE L, 13 H F Tk
FEHRRL L7z, By o THIBOER % 4

KPR L DM A ff L 7o —H 4 b X —
% — (FACS Calibur, HARNZ k571 v F
Vo, R ) THlE L7z,
4. V) oNERISIERE

PBMNC % Ficoll-Hypaque It 25505 12
Lo TR, L, AIM-V 553 TR 2 B
I L7z, AIM-VESHIIE 5% B CILEE 2 5 NI
200 IU/ml & IL-2 % & T 55 2 IS R FE 2S5
1M O Zoledronate % ¥5FEH)FERE D AN R THE
T To7z. Uik, MRLoESERICE L Tk
HEIMIE 70 & UN2 Zoledronate E751 200 TU/ml
IL-2 &4 AIM-V 54 |2 CHNg RS 38 % 47 - 72,
72, yo TAINBMRORTZER 10%2IEM LG
v MG & A RPMI-1640 B339 12 X V) B3 %
To7z. 76 THIFEHKRD D B SNT-8 12DV Tl
A5 HB1Z 100 TU/ml i 0 IL-2 &7 L CHE 2
A1 o 77,
5. FEPUFHT

UTZEhEho CDPRICHTAE/ 70—
FUHiE (MoAb) % FVCilidd 5\ IE
WHREIC L > THIRB AR L, 70— 1 k
A—=F—THIEL, BHEOEE T 72, R
WZHW PR Z LR IR L 72 - CD2 (NU-TER),
CD3 (NU-T3), CD4 (NU-TH/), CD8 (NU-
TS/C), CD28 (KOLT-2), CD122 (MICpB1),
HLA-DR (NU-Ial) (=F L 1, %), CD16
(3G8), CD25 (2A3), CD161 (DX-12), CD183
(1C6/CXR3), CD194 (1G1), CD314 (1D11),
CD183 (1C6/CXR3), CD194 (1G1), TcR «p3
(WT-31), TcR y o (11F2) (HARRZ F ¥ 51 v
v, HiK), CD56 (NKH-1), CD94 (HP-
3B1), CD158a (HP-3E4), CD158b (CH-L),
(Ryr=zra— Ny —Ix80, H{E),
6. fMfafEEE

v IR SR kR K562 % Calcein-AM
FOERR L, ZOMBg AR L L CRZEIE L 72
fMlgx =74 —filgt LT, =7=7%—
E) : Emry(T) ks 2h2+h1:1,5:1,10:1
DHETIERTL— DR RICIHEEZ A, 7
L — N &I A, 37°C T 3 HFHEHER,
Fots 71— b)) —%— (FLUOROSKAN
ASCENT, #—<%x L 7 o o HRaliatt, k)
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% T 485/538 nm D 2 R THIE L, LT
K& D) NKFHEz R 72",
% Cytotoxicity =
(F experiment—F spontaneous)/
(F total lysis—F spontaneous) X 100
7. HfE7Z 5 UNIZ RNA OF#L

EEANRT T AT 4548 E L, e
1.® PBMNC % Zoledronate Hili#, 5575 13 H#
[ZHIfE % X L, RNeasy Mini Kit (QIAGEN :
Hl) 2 W THEIE B DY 12 RNA % 47#E cDNA
DOIEEIT 72, 72, MRS FRIZOWTIE
109% 58 ™7 o ML &4 @ RPMI-1640 35 ks
i, I oM 2 B L, [FERIC cDNA
DO E4T > 72,

8. RT-PCR

HIERRIC L > T O N2y 6 THIFOSZ%
RINH)E % KB 75 4 THRN T 7 4
7 — %V T mRNA L)L TOM % reverse
transcriptase-polymerase chain reaction (RT-
PCR) 2L W 17o72. 7T 4 ~—HiZ Table 1
R L7z, F72, MIREASEEAT A &HEH 1 b A
£ 122V T mRNA LNV CHlE L7z, Zh
FROHFA M HA S IZOWTIEERRN T T 4
<~ —OEFIE L L2 Table 1 1R L7z,

9. HMiluzrEsis:

A MAEVEBHFEERES A P RAE Y
(Cytospin 4, Shandon, ¥ —FETL 7 h T Uk
Aath, M) CfEEL, 74 P—FLAHI2&
BYB AT, EBEEE () 28R B
TICEZE L7,

i

1. KO MEEE
Bi#E 13 H HISH AR L 7o/ y 0 kR B

e

ISR
Table 1. RT-PCR primer sequences used

Vsl F  AAGCAACTTCCCAGCAAAGA
V&2 F  CATTGAGTTGGTGCCTGAAC
V33 F  TCAAGGACGGTTTTCTGTGA
(&) R GACAAAAACGGATGGTTTGG
vyl F  ATCTTCCAACTTGGAAGGGAG
Vy9 F  TCATACAGTTCCTGGTGTCC
Vy10 F  TCATTCACTGGTACCGGCAGA
Vyll F  GAAGGCATCCATCCAAGGCT
Cyl/y2 R GGCACCGTTAACCAGCTAAA
IFN-y F  TGGCTGTTACTGCCAGGACC

R GGACATTCAAGTCAGTTACC
1L-4 F  TGCTAGCATGTGCCGGCAACT

R AGGACAGGAATTCAAGC
IL-10 F  AGAACAGCTGCACCCACTTC

R CGCCTTGATGTCTGGGTCTT
IL-12 p35 F  AGGGCCGTCAGCAACATG

R ATGGTAAACAGGCCTCCACTGT
IL-21 F  GGAGAGGATTGTCATCTGTC

R CACAGTTTGTCTCTACATCTTC
IL-23 p19 F  GCAGCAACCCTGAGTCCCTA

R CCAAATTTCCCTTCCCATCT
B-actin F  CCCAGCACAATGAAGATCAAGATCAT

R ATCTGCTGGAAGGTGGACAGCGA
F: forward

R: reverse

LUy o TeRAMLOGHEEZ 70— 1 k
A =% —THWr L7z, #HIFEHTlE Zoledronate
DIEEED 0.5 pM DI LOX10° LI b mro 72
B3, y o TeRBHMAAINE DAL 10 M OFEA R b
Erolz. LaLl, ZoORMEERIE5 (M OfEE
DORICHEERZEGIR N o7, ZoZen
55 M % EiEiRlE & e L TERICHWE
(Table2 3 X U Fig. 1).
2. PBMNC Ok

HENKRT T 147 9%122TD PBMNC
2B B ER R OMAMIE I 11.8+0.7 (8.6~

Table 2. Determination of optimal dose of Zoledronate

Zoledronate (uM) 0 0.1 0.5 1 5 10

ap T cells (%) 89 76 70 66 41 36
ap T cells count (1x10°) 98 190 337 220 74 59
vo T cells (%) 5 11 21 27 47 54
8 T cells count (1x10°) 5 27 101 89 85 88
Total cell count (1x10°) 111 250 481 335 182 162
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Fig. 1. Determination of optimal dose of Zoledronate.
The horizontal axis for both (A) and (B) shows the dose of
Zoledronate, and vertical axis of (A) shows the number of cells (1X
109) for total cells (Hll), 6 () and y 6 T cells (C). (B) shows
the percent positivity for 6 () and y o T cells ().

14.8) X 10° [*P¥ £ 38 (/ME~RKHE) ] T
HY yo THIEOMERIE57E15 (12~164)
% Tdh o7z, Hi 13 HORMIEEIE 169+
6.5 (1.8~60.6) X10° TH 1) yo T gD Fik=E
12 82.0+4.6 (60.0~98.7) % CTh-7z. F7z, K
FEATH LRI 17821463 (352~4698) 5 CTH -
72 (Table3).
3. FEEEREIE L 7ol o R EHUR AT

F2#213 Hi2 MR % MU L Cokists, S
R REPUR OF B & sk getaic kv 7
O—4 A b X =& —THHr L7z, BiEigiEL 7z
4B BT 5 yo THNE D13 90.9+33
(83.0~989) % T -7z, MFIFEHFE LD

S3HrCIE CD2 : 98.6+0.7 (965~99.4) %, CD3:
93.4+3.0 (854~99.0)%, CD4 :7.7+18 (29~
11.0) %, CD8 : 24.35.6 (13.0~58.9) %, CD16:
30.0+4.1(22.7~39.0) %, CD25: 27.2+12.0
(4.9~62.4) %, CD28 : 2.8+0.9(1.7~26.2) %,
CD56 : 37.2+4.1 (25.1~54.3) %, CD94 : 34.5 +
4.6 (232~42.7)%, CD122 : 1.9+0.7 (0.6~3.9)
%, CD158a : 2.6+0.7 (1.1~4.4) %, CD158b :
122439 (52~19.6) %, CD161 : 64.5+86 (50.1
~888)%, CD183 :95.7+1.6 (91.4~99.4) %,
CD194:7.8+0.8(65~255) %, CD314 : 62.3 +
6.8 (42.1~91.6) % , HLA-DR : 70.3+12.2 (40.2~
90.6) % CT& - 7> (Table 4).
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Table 3. Expansion ratio ofy 0 T cells derived from PBMNCs of nine healthy volunteers

Fresh lymphocytes Cultured lymphocytes
Pre-culture Cultured 13 days Expanded ratio of yo T cells

Cases Cell number (10°) v Teells (%)  Cell number (10%) vo T cells (%)

1 13.6 8.4 39.2 98.7 3371
2 8.6 1.7 1.8 92.9 1146
3 13.1 16.4 8.2 92.5 352
4 9.8 4.0 3.1 92.4 724
5 13.0 7.0 32.0 88.5 3094
6 14.8 1.3 1.9 60.0 573
7 8.7 1.2 2.5 60.7 1478
8 13.4 32 3.0 87.9 605
9 10.9 7.7 60.6 64.7 4698
Mean 11.8 5.7 16.9 82.0 1782
SE 0.7 1.5 6.5 4.6 463

Table 4. Cell surface marker analysis of expanded cells from four
healthy volunteers

(% positive cells)

Cases

CD antigen 1 2 3 4

NB* 0.5 0.3 0.2 0.3
CD2 96.5 99.1 99.5 99.4
CD3 96.6 99.1 99.5 99.4
TcRap 3.0 12.0 9.2 1.6
TcRyd 91.4 83.0 90.3 98.9
CD4 7.3 2.9 11.0 9.6
CD8 29.4 37.5 17.2 13.0
CDl16 22.7 39.0 232 34.9
CD25 21.8 62.4 14.3 10.4
CD28 2.0 1.7 5.6 2.0
CD56 41.0 42.4 25.1 40.3
CDY% 232 31.0 41.0 42.7
CD122 1.5 1.7 0.6 3.9
CD158a 2.0 44 1.1 3.1
CD158b 5.8 19.6 5.2 18.3
CD161 64.0 55.0 50.1 88.8
CD314 70.8 70.1 42.1 66.1
CD183 96.1 91.4 95.9 99.4
CD19%4 7.7 10.1 6.5 7.0
HLA-DR 60.6 90.6 40.2 89.6

NB: negative background.
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4. yo THNEZERL ST =04

FR SRR % 04T L 72 4 BB EMIIZ D
WTRT-PCR 2L % o THIZEMLY 745 1
TR EAT- 72, S SAIZD VT 4614
@ L CTVo2 oEFHP RO N7z, Vol b &
VO3 IZBWT L ABIDRIZ BT DZEDS
FONTZD S DL SIDMERR S L7z, y $HIC
DWTIEAFIETIZHGE L TVy 9 DB
N7z, FFFCVET 25 NCVO10DFH D 75
N7z Vy 11 IZETEETH - 7.

72, yo THIFBHKIZOWTRHBEIZ Yo TH
2 BART 754 TOGHEiTo728 25,
Vy9Vo 2D 58 BLIE56] FSNT-8 72 6 UF I
HMGN-167 D 2512 BT O A IEDFER S 1L
7273 PEER, LOUCY 7 & U1Z MOLT-14 O 3 3
IZBWCIEBHTH -7 (Fig.2).

5. A4 +7 4 >~ mRNA O3

B AR BAEAI 13 26012 BV T IFN-y | IL-4,
IL-12p35 7 & ONI2 IL-23p19 @ mRNA L)L T
DFEWMMPFERE SNz, L D DIFIL-4 128 WT
T4 Hm L CEEHE LT, IL-21 128

WTIHEISHR A b EBIAE & FIlr S 7z,
IL-10 2BV T 1BIH & 3BIH CHREATH S
72 1IBEIHCTIEERIHL T2 0o 36IHT
R TH o7z, F72, FERIHWZy0 T
HFARRIZ BV CHEEDH A k71 4 >~ mRNA ©
TEH A T L7255, VyovVe2 Btk oMiiakkTdH
% SNT-8 7 & U1 HMGN-167 1235\ T 4 B0
BEFEEIEHING & FARIC TFN-y & IL-10 D583
RS N7z, IL-23p19 I HMEFEIR LS5 b &f)8
it Cdh o7z, F72, IL-21 122\ Tk HMGN-
167 DAMEFEH L T\ 72 (Fig.3).
6. ARG EE RN E

K562 7z & UNZ Daudi #ifig % 2 L2 AU R
fa & LT 4 BlosgiEss 2/ia O M S5 1%
Mixiro7:. TNEFNE . TIk%E1:1,5:18
LU10:1 & LT %1T- 7. K562 fliffLic
9 B MG EEYEZ E D T 10 0 1 OFF52.7
+15.3(20.2~86.0) %, [FI#£1C Daudi Mg i2xf L
TI341.7+1.7(36.8~444) % TH > 7> (Fig. 4).

RITAFEN 2 1 FloEigE ML E W%
FEVEE RO AR |33 A MR =S TR IC D W

yd T cell lines

Expanded y3 T cells
1 2 3 4
v e e e ]
v
vt b e eeel
pctn [ ————

—
[
(3]
=
(9]

Fig. 2. RT-PCR analysis of y o TcR repertoire.

Expanded yo T cells and yo T cell lines were analyzed for their TcR
repertoire by RT-PCR. Four cases of expanded y & T cells were numbered from
1to4,and y¢J T cell lines were 1: SNT-8; 2: PEER; 3: LOUCY; 4: MOLT-14;
5: HMGN-167. ?-actin is shown as a control.
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Fig. 3. RT-PCR analysis of cytokine production.

Cytokine production of expanded yJ T cells and y ¢ T cell lines were analysed by RT-
PCR. Four cases of expanded y¢ T cells were numbered from 1 to 4, and y¢J T cell lines
were 1: SNT-8; 2: PEER; 3: LOUCY; 4: MOLT-14; 5: HMGN-167. S-actin is shown as a

control.
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Fig. 4. Determination of cytotoxic activity against K562 and Daudi cells.
Cytotoxic activity in four cases of expanded y & T cells was tested against (A) K562 and (B)
Daudi cells. Lines show case 1(H), case 2([]), case 3(@), and case 4(0). The horizontal axis
represents the E:T ratio, and the vertical axis the percent cytotoxic activity.

THFE%fr>72. ECTH%10:1 & L 72K,
MOLP-2 i 1Zx+ L Cld 63.9% , MOLP-5 #ilfiz
237 L T 54.7%, RPMI-8226 |2 xf L T i
83.4%, U-266 MEIZxf L CTl3 81.2%, BLW
AMO1 HIAE IR LTl 16.8% ORI E 5 A
He 7, &Py > SV A G Sk NALM-6
HIFIZx LT 45.5% DM ERETEDSH & 1

7. xfHE & LT BLCLS #R Ik 9 A Mg &0
P2 g L722%, £ 0iEiE 03~19.0% Th -
7-. B85 MLl NALM-6 & [a]—fE{KIZHR T %
BLCL C& Y , B407 i MOLP-5 ® Z L ZF L [d]—
TR Hk$ 5 BLCL Td % %%, Mgk
([ MR T B > T b HEERIL H R OMI R
o L CIEMa B E0m i 2 7k L 72A%, BESE sk
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Fig. 5. Determination of cytotoxic activity against myeloma cell lines and

BLCLs.

Cytotoxic activity of expanded yd T cells was tested against six
myeloma cell lines: AM01(®), MOLP-2(@), MOLP-5(H), MOLP-8
(a), RPMI-8226 (@), and U-266(X), one acute lymphoblastic leukemia
cell line: NALM-6(+) and five BLCLs: B85(Q), B239((]), B250(A),
B407(<>), and B422(X). The horizontal axis shows the E: T ratio, and
the vertical axis the percent cytotoxic activity.

L %\ BLCL (23 fifaff Eim s i s e p o
7z (Fig. 5).

Z =

FHRYIMD 6 THIFLIZZFOMAEZIZ L LT
B HBAF AT IZ B\ THEBRIC LB i %
MRS 5 2 EDWEETH D 2 &SRS
THRWEG D%\, bitbitidy o THIFEOK
RE7Z2 b MR R A HUR D Z B2 B & 202
T, EE KNI & 1 1572 BRERE v
Bisphosphonate SAZEHK] THINLORIH 21TV, 1
MEREE 2 T o 72, REANZ X % yo THlwORE
MBS I BRI HRE"YY T 5 DS IRES 2
SNTMIRED &Y DI EREPUSEFEBRR O T
IR G DL\, HEo TR TIIHg RS
L7296 Tz HwCHiluREEES X OHiIR
FHPUFE SO T 2175 72,

Bisphosphonate 523 %] T & % Zoledronate T
DR & % y o T MIRLDORGFEIENE O 14 &
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