HIATREL 62 1 23-30, 2014

I
EARAT 4 F— MR~ 77 —VOABERICKIETEHORE : @EELe—X &
b NHEERREEE ML THP-1 2 W - & B0 E&HE

EHRA

FARLBA PSR PiERd foosBly' REREE!

Shion IMOTO, MD, PhD*, Katsuyasu SAIGO, MD, PhD?#, Miyako BOHGAKI, PhD"*,
Eriko MATSUMOTO!, PhD, Masanori GOTO .

FTIe
1 R AR R OR R R R A 2
Faculty of Medical Technology, Department of Health Science, Kobe Tokiwa
University
T 653-0838 /=i X KA HT 2-6-2
Nagata-ku, Kobe, 653-0838, Japan.
A YN S SR S
Faculty of Pharmaceutical Medicine, Himeji Dokkyo University
T670-8524 Mgt BREF 7-2-1
Himeji, 653-0838, Japan.
U e
FHARLBA
o AR A ORI R 2D IR MR A R
T 653-0838 ) iR HI X KARHT 2-6-2
TEL 078-611-1821 FAX 078-643-4361
Corresponding author:
Shion IMOTO, MD, PhD, Faculty of Medical Technology, Department of Health Science,
Kobe Tokiwa University, Nagata-ku, Kobe 653-0838, Japan. E-mail

s-imoto@kobe-tokiwa.ac.jp



mailto:s-imoto@kobe-tokiwa.ac.jp

EEAIREE 62 1 23-30, 2014

Title:
The effects of four bisphosphonates on macrophage phagocytosis: Quantitative
measurement by flow cytometry using high- fluorescence particles and human

monocytic cell line THP-1

Abstract:

Impairment of macrophage phagocytosis is a major cause of chronic inflammation.
Bisphosphonates (BPs) are widely used as anti-osteoclastic agents. The effects of BPs on
monocyte-macrophage lineage cells are being increasingly reported; however, the
detailed effects of BPs on macrophage phagocytic activity are still unclear. We
examined the effects of four BPs: clodronate as a non-nitrogen containing BP
(non-N-BP), and pamidronate, alendronate, and zoledronate as nitrogen-containing BP
(N-BP), on macrophage phagocytic activity. The uptake of high fluorescence-labeled
polystyrene beads by the human monocytic cell line THP-1 was investigated by flow
cytometry. All three N-BPs suppressed the phagocytosis of macrophages more potently
than the non-N-BP, clodronate. Pamidronate and zoledronate were more potent than
alendronate. BP induced the apoptosis of THP-1. Pamidronate and zoledronate
induced apoptosis more effectively than clodronate. The method described to observe
phagocytosis was simple and quantitative, and might be useful in screening for the

effects of drugs, such as N-BP and non-N-BP, on phagocytic activity. (156 words)
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~ /7y —VIEHRGEOT LIRS EZ RS TRY, HEREZBERWHET 52 LiCk
VIEGAHIET 2720 T2 TR M=V ZMIOBERIZEY . RIEOIFIHSHR A A A X
VAR E LTWD, v/ e Ty —VOARRRK FIE, RIYEORRCRIEDOR A T
b &lin 12, Flo, BUEMEORREETHIBREICEVN T~ /nT 7 —
IIHLIREREZ R LTS 3, v~/ n 77—V OAREEICKT 2 IEAIOEH 2 FREET
52 EiE. 1BMESIEMERBOIGRERBEOE TH, EAOREARFOETH, HEEE
s,

EARATZ 3= (BP) X, v7 177 — ORI T & 2 M Ml OB RE 2 M
TOMEMZFD, BHRE SN I 5 BRAEDIGRICIES b Tnd, i,
BP B E IS OHER « ~ 7 1 7 7 — /AR B VER U CHURIE ) RO raie A3 2h R
BERTZENRHLMNIRY DDOb D 45, o, BPIFERZEHATHH0 (N-BP)EEH
L2 H D (non'N-BP) ICKBI&N578, N-BP 2 @A R TR G925 L BEEL L W
DEARBENWEHZEL D Z EBHALNCR>TEL, NBPICL D AEN~Y v 77— D
PEREINHIZS & 72 & F SR & SIEDOFHE MBI B ESEDOFIR & B 2 b TV D 467, BP A
¥ouT7y—VDT RV RAEFHEET L, LVORELHDH 0, LinLens, vr/u
77— OAAREICSHT S BP OMERICOWTIE, £EHF Y BFT S TR 1,
ASRlF AT, BP R~ v 77 —VOEERICKIETIEH%Z. 4 fEHO BP (non-N-BP &
L T clodronate, N-BP & L T pamidronate, alendronate, zoledronate) % A\ THiFI L.
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[F1kk & J51%]
A, MEE

1. v7r7y—v b MEREEEMK THP-1 2 DS 7 7 —~ /3 4 AT 1 1V 4ED
HHEA LT,

2. W E—X AL Uttt (FL-2 TRIE) % L7ZEE 1um @ polystyrene
#¢ B— A (FluoSpheres F-13082 : Invitrogen f), Z88/K 1ml H72Y 100{FD & —
R EH,

3. AFERFHODOEARAT % — |k
clodronate : clodronate disodium (LKT Laboratories, Inc, Cat.No. C3449)
pamidronate: 7 L7 1 7 GA{lFHEMH 15mg (/ ST 4 A 77 —<th)
alendronate: 7 & v 7 15K 5mg (FF N7 7 —~11)
zoledronate: > A ¥ jiEEEM 4mg (/ NvT7 4 A Ty —<th)

4. YARY—2ftF¥y b 2—hY—AELYU—X ELOI'N (Hilith)

5. 7R h— A7 vE&A : Annexin V-FITC Kit (Beckman Coulter )35 T Annexin

V-FITC (PromoKine #t)

B. Jilk
1. v7u77—VEBREOHE

THP-11X 10%FBS %1 RPMI1640 T.37°C.5% COz THi# L 72,2 X 105/ml T 24 well
plate |24 1ml 9°-2%37E L, THP-1 % PMA (Phorbol 12-Myristate 13-acetate : Promega
#£)10-8moll fFE FT1~2 HE &R L~ rn 7 7 — VR b &/ 7=,

PMA L L7= THP-1 IZ B58BR CAMR L8 B — X 2 il B — XA 2 X 107 {#/ml
LD X HWRML, 37C 5% COz T—EREfIG#E L=, PBS T 2 [HIFyt4, THP-1 Mifnz

MU T AREETIEA L, PBS T 1 [EIWEERIC PBS ([CiFlE s, Ya—Y A FA U —
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(flow cytometry; FCM) THOtE—XgR&MiatLE (BRF) 2HE L, FCM (21X
FACSCalibur (BD ft) ZH\\ 7z, BP Ztkx REE L X A4 I 7 TIHRINML, BRE~DE

Jﬁ?‘ *ﬁﬂ‘f L/fk—o

2. THRR—A « FHBLORE
THP-1 #ifi % 10%FBS % & RPMI1640 C. flaEEE 2 X 105/ml T 24 well plate 124
1ml 257 L., fix REEO BP #i0 L—EREESE % . Annexin V-FITC ¥ v &

HEBEY ICHWTFCM T7 A b—3 R - SEfifla b =R 2 0E L7z,

3. U AR Y —2{k pamidronate D IERLEE

AN ~DOELY IAA ZARHET 5 HBY T, pamidronate @V AR Y — Aft (JFE - EEAEE
ZROURY —2NIZEGEIEL2E) 2, UARY—24fkx v F (COATSOME Hil) %
FAWTIT o7, WSAFE#E Y IZ pamidronate 28 KIZIEE L, VAR Y —2E¥ v hD/SA

TASTEAN L, FnlisEiRF L,

(R

1. E—XEaBOREE

THP-1 (2X105ml) % PMA (10¥mol/l) T 1 HRAHE, ©—XEREOREL FCM &
WP CRRFIICIE L7 (Fig. 1),

FCM TI3EMIC FL-2 o v —27 . ARICEEe—27 SR ons, A Lize
—ZEBEINT HIFE =2 ITAGFCY T M H, BREIT M1(%) & LTRERHEND
(Fig. 1 He51)),

1 R OB ARSI 10.78%., #LCHMEI Tl — X% 1 ~ 2 &R Lo Mian D HE8D

btz (Fig. 1 A EFHE), 4 BEZOBEFIT 41.72%, #HIEEME Cld e — A2 K E &
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B LA EEI SR b (Fig. 1 AFEH), 24 FE#ZOBERFRIT 85.83%., H0L
B CIIZ MO B — X2 B L-Marmy 5ny- (Fig. 1 A F5HE), DO EER
TENTH M T H RN B Lo 4 BB I E b L7,

2. v~/ n7y—VEEREICHT S BP OEHAICET A HET

9. PMA 3 THP-1 |28t B — XA IR, BE&IC 4 O BP Zkkx pRE TH ~
WL, 4 B OE—XgR/REE FCM THRIE Lz, REMLRERE Fig. 2 [ORT,
pamidronate Tl& 4X105~1X104mol/l TCEEHENEM = hr—1 LY EH L, =61
R TR T L7z, filid BP CIHREKMFMEICERRORTARD bz, ML 4 [H]
1T o - KBS RO B/ VHMHELESD 1E, ElE= > b e —/LTlE 39.3£5.6%, 2K L,
pamidronate CTiX 1X104 mol/l THEIZ LFA (57.3 £0.49%; p = 0.0052) ., zoledronate
Tl 2.8X10“mol/l THEIZIKT (29.7£1.5%; p = 0.046). alendronate TIi% 7.7 X
10“mol/l THEIZIK T (28.3%3.5%; p = 0.045), clodronate Tl 6X103mol/l THEIZ
KT (16.7+1.5%; p =0.0025), %4472,

KIZ . pamidronate 721778 4 X 105~1 X 104mol/l TEEILHEIEH 2/~ L7=J5 K 2 /Et Lz,
P (3KIAPETH 573, pamidronate 7213 7% 4X 105 mol/l BA_EODHEFET CO2 A > 3F 22—
Z—PICEL LbB AT LT-, pamidronate |2 X 5 ARTTHEN, B Sh-ibBY X

TR DO THLINE I M EUTO XS IZHmEF Lz, PMA 4B L7 THP-1 (Z
pamidronate Z SN L C—ERFREIEER, AU Z%kE - REL Thoate—X
AWML, 4 BHBICERRZE L, ZOHETIRERTTEERIIERD b, BEE
K OVLBRIRF KPRl B RS ER 23580 bz (Fig. 3-a), F£7-. pamidronate % V7R
V=AU THELET L EREFERIZED bnT, ARILEERLED RN T
(Fig.3-b), LLEDOFERS S pamidronate TR ON7-ERITEEMIT. TREYERKIC L S
Wb D THh DL EER B,

WIZ, BP AL 2 iR 45 & LV IRRE TERBMHEN R oS0 E 5 hERE LT,
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PMA L L7- THP-1 12, BP Zffix OIRETHRIML T 24 FfEIRGER L7, @b — X%
WL 4 B¢HRICFCM TEERZIE L, AENHRE Fig. 4 (77, Wiho BP
b, E—ARIMNEZND 4 FRELHE L7256 L0 SIRRE CREMGIEM 25 Lz, Az
(2 B AT - 7o EBRAE R OB REFEIELSD (T, BEME=a s hr—/LTiE31+4.6%, Il
%t L. pamidronate CTi% 3X105 mol/l THEIZILT (21.7£3.7%; p = 0.039) . zoledronate
TIE5.6X105mol/l THEIZIL T (21.3+=2.5%; p =0.024) . alendronate Tl 3.8 X 104mol/l
THEIKT (19.714.5%; p=0.029) | clodronate Ti% 1.8 X103mol/l THEIZMKT (19.3

+3.1%; p=0.016), %47,

3. BPOT7 AR =T AFHEEA

WIZ, BPIckBa~7m 7y —VEEMEWERN, 7R M= AFEICL D00 E 5
AT LTz,
THP-1 12 4 D BP ZAk~ RRETHIM L, 1~3 HHFERRICT A b — 2 it 2
Annexin V-FITC ¥ v T FCM THIE L7- (Fig. 5-a), Annexin-V 5% propidium
iodide (PD) F&MEMINZ 7 A h— A M, Annexin V Btk PLBGEMINZ 7 K h— 2%
SEAf & R LT,
pamidronate (1X104mol/l) TiZ,2 HMLIETILT A F— AMRROEEMITRO 5T,
3 HiA (72 B¢f]) LAERBL L7256, £onnigEo b/ (Fig. 5b),
BP T 3 HR/LEE§ % &, pamidronate Tl 3X105mol/l LA F. zoledronate Tl 1.4X
104mol/l LA ETT AR h— ZADHEMMBFESH Hivlz (Fig. 5c,d), alendronate TiX 7.7X
104mol/l THT R h—T ZDOENNFFRO bi7en->7- (Fig. 5-e), clodronate Tl 1.8X
103mol/l £ TT AR b— ZHINIFED 54T, 8.6 X103mol/l LL ETT AR h—3 AN EH L

f: (Flg 5_f)o
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[#%:]
AR & I1X, BP BA~v 27 v 77 —VORRRICKITITIEMRICONT, 4 fiHo BP
(clodronate, pamidronate, alendronate, zoledronate) % i\ CEblRRE L7=,

BP % non-N-BP & N-BP (2 K541 5, non-N-BP (ZHlfaN TR S 7o/ RE LT
ATP FHEARPMIaEEZ 58T 5, N-BP 1%, MilaN I S nenn, a2 xre—
VAR T D A\ m VBRI OFEICL Y GTP ZEAOIEEEM (7L =11k) ZFHE
3% 45, GTP EHHOHTH, Rho X° Rac 7 £i%, MIAOEECHREZ(LICEZETHY |
~/m 7y —VOARICHEE LTS 1215, T L= R IE SR, Zhb GTP &
FITIER ICHRE TS < D AN 5 %

4 O BP I3V TN b ERIHITERZ /R Lz, 24 RefLEE L7 A BRI 2R T
JEE1X. pamidronate, zoledronate Tl 105mol/l L'~/L, alendronate, T/ 104mol/l L=
/b, clodronate Ti& 10-3mol/l L' ~)L T -7, zoledronate TiZ 10-6~10-3mol/l Tk KR
HiLHEKB Rk~ 7 07 7 —VOBEMGINEE 22 &% Wolf b b LD 11,

BRI Z R IRE T3 HMBPAH T % & pamidronate>zoledronate>alendronate @
JECT R M= AFENRBD 72, Moreau » L. pamidronate, alendronate,
zoledronate, 3 X (' non-N-BP @ etidronate T. RO EZHE L TS 9,

PIZXDT AR M= AFFEIZIX 3 HREILL EOLERLETH -7, BPIZL AR
HVE R R OB TRRO 72 Z L b EREMENWEIZIZT R b — 3 ZAFE LSO
P 2SBE G LTS aTEEVEAVRIR ST, BRIZHLE e GTP & H OBERERLE 1215 (2 L 5 W]
REMER E S O ROMAINMBETH D,

non-N-BP T& % clodronate Tl, BEMAFICH TR b= AFHEICH N-BP L0 i

FE (103mol/l L~L) MLEEThH > 7, @IRE TILEEDO T R b — 2 A HIRIENTED H i,
REED OMIEIEC L Db D EB X il 10,

Pamidronate Ti%, 105 ~10“4mol/l TEEILHEMEHNTED LT, T IUZILEIE AL



EEAIREE 62 1 23-30, 2014

TR DTHDL Lo, ARSELIWEOMRICE > TERRENL(L
THILERLTEY B2 LD L) ICERIEDNOFMREDEEMEN BRI N,
LIE, 4 T8O BP NERAEICKIT TR 2 HE L. N-BP T/d non-N-BP X v & i
TEHD8/1ThHDHZ & N-BP THILEMIC L > TEEMHIERICER DD Z &, 2T 2
LN TE, 4T¥HO BP T~/ v 7 7 — VAEEREICK T 21 25l U 72 & 1. A
BT T D, ARMEZRTREIL, BP 21653 E L TR LGOI PRE (O
KEB ELZ 106mol/l) LV EETH DA, Z OREEITE ELA RALARE I BT
FEATHE2 L~ Th 2 516, N-BP OFJHIC L 2 A RMHIEH DiEV 3, N-BP OHEKHI
TEMTH 2B HEIEDIAE L BRT 2008 5 M BRRBYIZ BB,

BEBOFNE TR 2FEDPRAV LTINS 1720, BERIELWEIZIZ, B —X,
W, MERT AR b= ZMENRH DI, SDICENLEF T Y = fbT 555 & LA
WS, REZETH D, HMliFES, BfE. KEFEZHWDHE, FCM R ERH 5,
WS Ko THIEDNRR D720, #EROWBBRFHIIEEDLETH D,

ARV e — X8 FCM IZ & 2 B RREDFHIIEIL, SLBaMEE CHE T 5 1A
NRBIERFIC L DT Y XN KRB RFHEAFTRE TH 5, B — RO IETREE DSR2 D
BEBHEOMIBER & EEOMIBEROE X N 7T ARERDLZ LN, AREZAR
Bt & U CREICERRMITX 5, b MHECRESFEMIEEE THP-1 1%, @5 I137%
I TH D12 DMERHIEENR S Th D, ABRLIEFEE~ 7 n 7 7y —VOARRELZT
NTRBT 26 D TIERWA, SR BIMEICEN TR Y . B4, (LEa o BE gD
o DEBICKT DEME A7 ) —= 735 5EE LTAMMENREZIND, SH%IIEKR

5L DR 21TV 2 0503 5 5,

4 FR¥HO BP N BRI KT TR AL BT L7z, N-BP Tid non-N-BP X v & &l {EH]
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MR S) T -7, N-BP3 FEEHDLL#EE CTlX. pamidronate & zoledronate |3 alendronate X
D BEEIMHEER R TH T,
EEEE A B — X & b N EERAREGSMak THP-1 # W 2 B R/EHMIETX, v~/ 77y

—VRRMEDAY V= R LTHMTH 5 TR R S h

EiraE
AWFFENNH ) LT L T P E R O AR EMFEE I PAERICEHI N2 LE TS
ARWFFEIE, MR R OWRL 23 FREILFENITE, TRk 24 Y 3 1 > MFZE L LT

REREZ T E LT,
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Fig. 1. Time-course of THP-1 phagocytosis
Uptake of fluorescence-labeled beads by THP-1 was measured with flow cytometry (left
and middle columns) and fluorescence microscopy (right column), after incubation for 1

hr (upper lane), 4 hrs (middle lane), and 24 hrs (lower lane).
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d Pamidronate b Zoledronate
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= =
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8 a0 T a0 -
Q
£ 30 - E 30 |
Q 1)
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g 20 % 20
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0 - 0 -

0 1 2 4 1 2 0 28 14 28 14 28
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— 060 — 60
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E 50 @ 50
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i 30 s 30
o 20 o 20 -
g g
P - 3

0 - 0 ,

0 7.7 2.6 7.7 15 0 3 15 3 6
X105 x104 x10-3 (molll) x104 x10-3 (molfl)

Fig. 2. Phagocytosis after BP treatment for 4 hr
BPs were added simultaneously with beads and phagocytosis was measured 4 hrs later.
Each experiment was performed in triplicate. Mean values are shown by columns.

A representative of four individual experiments is shown.
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a Pamidronate pretreatment
1.2

0.8 |

0.6 —

04 —

Phagocytosis ratio

0.2 —

0 2x10% 1x 104 2x10#* (moll)

Pamidronate +/- liposome
1.8

1.6

14

1.2

0.8
0.6

Phagocytosis ratio

0.4
0.2

0 1x10% 4x10¢ 1 x104 2 x 104 (mold)

Fig. 3. Pamidronate treatment methods and phagocytosis
a: THP-1 was treated with pamidronate for 1 hr ((J), 6 hrs (' ), or 18 hrs (H). After
washing, beads were added and phagocytosis was measured 4 hrs later. A
representative of two independent experiments is shown.
b: Pamidronate with or without liposomal encapsulation was added simultaneously
with beads and phagocytosis was measured 4 hrs later. M Pamidronate alone,
Liposomal pamidronate, []Liposome alone. A representative of two independent
experiments is shown.
In a and b, phagocytosis is shown as a relative ratio to the negative control

(pamidronate, 0 mol/l).
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Fig. 4. Phagocytosis after BP treatment for 24 hr

THP-1 was treated with BP for 24 hr before the addition of beads.

was performed in triplicate.

three independent experiments is shown.
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Fig. 5. Apoptosis after BP treatment
Apoptosis and cell death after BP treatment was measured with Annexin V and PI.
a: Cytogram after 3 days of zoledronate (1X 104 mol/l) treatment. Apoptotic cells
(Annexin V+PI-) in the lower right quadrant, dead cells (Annexin V+PI+) in the upper
right quadrant.
b: Pamidronate treatment periods and the ratio of Annexin V+ cells to those of the
negative control (pamidronate, 0 mol/l). Pamidronate at 3X 105 mol/l is shown with a
solid line and 1 X 104 mol/l with a broken line.
cf: Rates of Annexin V+PI- (' ) and Annexin V+PI+ (M) cells after 3 days of BP

treatment. A representative of two independent experiments is shown.
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