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Study on Overcoming Thrombocytopenia by Combining Thrombopoietin with -
Chemotherapy in Mice and Rat Models

Toshio Sarto, Yasunobu Suzuki and Masaomi TAKAYAMA
Department of Obstetrics and Gynecology, Tokyo Medical University, Tokyo

BIE Thrombopoietin (TPO) &, HL/MEMA R A TR U EAZAIRO W7 K OB & R A L /MR 2
EEXEIEENENRT L EZ 5N TVS, EWIFER{LSE %O MM AE IS L TPO SR X
HRETHRDALFRERLOD, 5 v PRU<Y 2ZHWTinvitro, invivo IR LUTOKRE
87,

1. invitro IZBWT, ¥ 7 A B ML~ TPO ORI EERRMILOWEA, Bk % BB O &S
HicRELZ, T, O P AL ViRMERREFHERROMEEL AR ITRELZ (p<0.01).

2. invivo {28\ T carboplatin (CBDCA) iZ & 2 & Bi#Ifl~ 7 X 2k L, TPO #5112 & A HBKE %
fTotz. TPOHEICE D=y AM/MEEIIHEA T 5 2 & 7% < nadir DI LIFRIRAFRO Hh iz,

3. AL MBIC L VBl &R SN AR MERBANE 2 FIE, 3 T & 2 YA 5 % paclitaxel + CBDCA
RGBS v P 24EK L, Granulocyte Colony Stimulating Factor (G-CSF) +TPO # #5352 &
&) /MR R Bk, T, BRIREAICH L THHEENIREZD .

TPO DB X D L#HREDOBIEH TH 5 NIMIRBAIE A G-CSF+TPO Z EOHFAICL Y RS h b
WEEMEASRIE S 7,

Abstract Objective : Thrombopoietin (TPO) is recognized as a hemopoietic factor that functions specifi-
cally in the megakaryocyte-platelet system. To establish a safe and intensive anticancer chemotherapy by
combined treatment with TPO, the effects of TPO in inhibiting thrombocytopenia were examined in vitro
and in vivo.

Methods : 1) In the in vitro study, mouse bone marrow cells were collected and the effects of the addition
of TPO or other cytokines were compared. 2) In the in vivo study, bone marrow suppressed mice and rats
were produced by administerig chemotherapeutic agents, and the effects of TPO administration in inhibit-
ing thrombocytopenia were examined and compared with controls.

Results : 1) In the in vitro study, the addition of TPO enhanced the proliferation and maturation of
megakaryocytes in a dose and time dependent manner. The addition of TPO induced significantly higher
proliferation of megakaryocytes compared to other cytokines (p<0.01). 2)In the in vivo study, the admini-
stration of TPO to chemotherapy-induced bone marrow suppressed mice and rats resulted in no thrombo-
cytopenia, showing an increase in platelets in the nadir.

Conclusion : Our findings suggested that pancytopenia, a common adverse effect of chemotherapy, may
be overcome by combined treatment with TPO and G-CSF.
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Fig. 1 Mouse bone marrow culture and AChE staining after TPO administration.
a) In a day 6 culture, the number and size of megakaryocytes had increased.
b) AChE stained megakaryocytes are shown.

Fig. 2 Transmission electron micrograph of mouse bone marrow cells after TPO addi-
tion.

Megakaryocyte with a smooth surface and cells with a rough surface due to pseudo-
podia formation are observed.
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5. BRRBAEE IS LT Granulocyte Colony &t & 5 2/ AMNE S L Tid, /i
Stimulating Factor (G-CSF), RMERMAE IR L WIL LA VORBERTH S, WAFHESELIC
“C @ Erythropoietin (EPO) , DBHHITL Y sl s L TPO A & 2 ERATHEA RALFEH LR
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Fig. 3 Proliferation and formation capability of megakaryocytes after addition of
TPO.
Dose and time dependent increase are observed after addition of TPO, All data are
presented as the mean £ SD, p<0.01 vs TPO 11 g/ml, n=15.
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Fig. 4 Effect of addition of various cytokines on the number of colonies of mega-
karyocytes.
On day 6, the number of AChE stained megakaryocte colonies is significantly in-
creased by the addition of TPO compared with other cytokines, All data are pre-
sented as the mean * SD, p<0.01 vs Control and other cytokines, n=25.
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Fig. 5 a) Changes in platelet count in CBDCA-induced bone marrow suppressed mice.
b) Effects of various methods and doses of TPO on platelet count.
All data are presented as the mean + SD, n=25.
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CEBREEEE L. EERBOHER Shan-
don 4@ Cytospin 3 MfE LEBE LA L 7.

2. TPO LfDH 4 M AL VL DHEK

< R BN ERICEY A AL 2R
L (TPO 1ug/ml, EPO 1IU/ml, IL-640ng/ml,
G-CSF 0.25ug/ml)®~® 6 H [ 35 # # AChE ¥ %
TW3MELL LD AChE Bt il & 0 72 5 B
au=—HEHEL TPO & DB 21T /2.

3. YA G2 & B invivo DFEER

a) carboplatin (CBDCA) #5-

6~8A i Balb/c ¥ 7 ABHEPIIZT0, 90, 120
mg/kg ® CBDCA %5 day 0& L T-H REFH <
7 R T AERL L, ¥R A /MR 2 #1H L 72, TPO
DG - 5] %tk 5729 TPO 10ug/body
145 & 5 g/body 5 H 38 H ¥ 5B 1253 1T ¥E R
R /MEB 2RI L 72, I/MRE O, <
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b) paclitaxel + CBDCA #¢ 5-

BAERIT LTV LERECHUIEL 2D
paclitaxel 20mg/kg” + CBDCA 90mg/kg, pacli-
taxel 10mg/kg + CBDCA 70mg/kg i PI#% 5- 2
BEOFHMPHE 5 v b2 EK L (day 0 pacli-
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taxel, day 112 CBDCA BN 5) day2& Y
G-CSF (2ug/kg) 5H & G-CSF+TPO (2ug/kg)
SH MK TS B E2/ER L Z 0% RO LBRE
2107z,

paclitaxel 10mg/kg + CBDCA 70mg/kg ® & #
WHS v MBI D M/MRE, B IRBOER
L% BET L 7= (paclitaxel DS RISFMB L L
TORVFFIIFL v YO0 EERNE
ECREMEHE LTOTHZZ D H10mg/
kg, 20mg/kg & L72).

A FE S i3 Kaplan-Meier 3% FiV, HEER
EIZiE Logrank #: % 7z,

EERBE OB AL FE AT 1, Student-t BRE T
Tol. FChSDORTARTT Y b2V
AREBIRFERRZBYWEBRRR O KBNS &
(SR oY (AR

# R

1. BV M T ISR 2 MRSt % T
TPORM3 HH X VOB E HRAEBICK
X EMBRRMRDSZOBBE UK S Si38mLE
AR #T 5 EARMIRE FiEYH (Megakaryo-
cyte potentiator ; Meg-POT) 2 b2 L E 2 Hh b,
AChE B TidA L v Vil H e - - ERERAEE
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~—— CBDCA 90mg/kg+TPO 5 yig/body

Fig. 6 Inhibition of thrombocytopenia by TPO administration to bone marrow sup-

pressed mice.

In the TPO group, the platelet count was preserved even at the nadir, showing an in-
crease in platelets in the nadir, All data are presented as the mean £ SD, n=20.
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oz (Fig. 1), EEETHME (TEM) TBIE FRRAFEIC F 755 R s L 2 320
$AHE, HESHHEL ) REFHE2EBRER o, STOZLIVEBRID—ORREERT
O, ERIVOMmM/IRBEBEEbh2BRE 5 EBIRM BN FIEY (Megakaryocyte colony
(pseudopodia) DI X 2 MM ASEIEZ S h stimulating facter ; Meg-CSF) #32¢ % % b h
7 (Fig. 2). % (Fig. 3).
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Fig. 7 Survival curves of rats with bone marrow suppression induced by paclitaxel
and CBDCA administration.
a) Inrats given paclitaxel 20mg/kg and CBDCA 90mg/kg, a significant difference in
mortality was observed between the non support group and the G-CSF + TPO group,
p<0.01 vs non support group, n=15.
b) In rats given paclitaxel 10mg/kg and CBDCA 70mg/kg, no significant difference
was observed, n=15.
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¥ Tl TPO i%, EPO, IL-6, G-CSF 7% &+
APHALVICHEREBICHMLTEBY BT
Meg-CSF it 2R3 L EZ Hbh b (Fig 4).

3. ¥ 7 A @I /MM B D nadir i day 9T
CBDCA 90mg/kg $ 5- B 3% % L 728 BEHp Iy £
M S hiz TPO O GETIE, 1S ICENT
/AR day SICLGMREREER ML, #HKET
(& day 7I2 2 fE DI % AD 7= (Fig. 5).
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Fig. 8 Changes in platelet count and granulocyte count in rats with bone marrow sup-
pression induced by the administration of paclitaxel 10mg/kg and CBDCA 70mg/kg.
a) At the nadir of the platelet count, an increase in the level was observed in the
G-CSF + TPO group on day 11, p<0.01 vs other group, n=30.

b) At the nadir of the granulocyte count, an increase in the granulocyte count was
observed in the G-CSF + TPO group on day 7, showing a synergistic effect, n=30. All

data are presented as the mean * SD.
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EFsRAED Hhi (Fig 6).

4, paclitaxel 20mg/kg + CBDCA 90mg/kg T v
238\ T non support F Tid, A FFL daybs
120%, G-CSF #% 5 B T X day 141240%, G-CSF
+TPOHEH TRT0%THh Y AREVBED LI
72. paclitaxel 10mg/kg + CBDCA 70mg/kg 5 v b
KBV TRBEL I LEREERIROON Lo 72
%, G-CSF+TPO 5B IZBWTI%DAEFEL
Bwiz (Fig. 7).

paclitaxel 10mg/kg + CBDCA 70mg/kg ® &
5 v b i/ BB D nadir (X day 11T non
support B + G-CSF # 2B W TH/MUB I #21~
24% WA LT 7225, G-CSF+TPO 58 IZHB W
TEDOHIIRANTBY, MOBLEOAEENR
Do, F2HOH7% nadir DELITRIR D ED
b7z (Fig. 8a).

WA IR B D nadir (& day 7T, 3EICBWVWTHE
ZIZED Shedh 57225 G-CSF+TPO #5812
BT day TUARER N % ZOHFW R RAHED S
h7: (Fig. 8b).

Z =

TPO O BE-&1319604F R ~T0FERITh T THRE
ENEFNLVIEDLERET, TPONFZ70—=r
&8NV, invitro IZBWTEERREMIZ X
BHMCTHLEBRIU= - R X TS

stem  colony forming unit megakaryocyte

cell (CFK-MK)
® ® 4

H 2% 9 5

Meg-CSF &, B CIZIEBRI 0= —BREBE %
WH DD Meg-CSF IEHEZRE S €70, EEIRD
B ZRHET 5 Meg-POT D HVHEHT 5 &L &
hTw3 (Fig.9) . TPO X5k MEMBmMAE -+
ELTOILS, LA EDH AL bAL VEIZR
% 1) Meg-CSF, Meg-POT WiZEDIEH & LEM
IRATBRA L A & 2 &R EARSML E O I/
NTOEEZRTEREINRDLLENRTVSEY,
BLx OEEBTDH TPO WM TEREARRMITA K &
Xe¥EWML (Fig. 1) BREX (Fig.2) 7560
ZBIE L 72, BEERREGEMIZ TPO O H & KL UK
W& TH 5 (Fig. 3). TPO IZHHTH EPO,
IL-6, G-CSF 2l 4% T & V> Meg-CSF i 1% %

B EEHLMIL: (Fig 4).

invivo \IZBWT~ 7 ABEEERNIZ TPO 257
HEMMRBIIHABICERL, ThIZIL-6%
IL-IALSEREL» LRSI EAHMRLI BV
& LXK TdH % L Kaushansky et al.iZ & - THt
HBYES N TUUEM A D TPO DRI FHEA TV 5.,
AR T & CBDCA # 5 K UF paclitaxel + CBDCA
PERTERLZBHMAH Y ARTT v M,
TPO #¢5-F CTIil/MIERA O ¥l (Fig. 6, 8) &
AFELEOHRE (Fig.7) 22O, BARE{LAREE
TO TPO DBIKMISHOEREZ R L 72,

19954E 37T R EIM KA X CTIEE B RIMEZ A
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F‘ig. 9 Actions of cytokines and TPO in the differentiation of colony forming unit of

megakaryocytes.
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EB D IALFREL BT T - BBROW M
Do EHELTNEY,
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BABHRILE B, paclitaxel, 7 F F 8#|
# W & L 72 combination chemotherapy, high
dose chemotherapy ¥ 7= #4 ifit #4 §a 8 1. % PF H
L7z RKBALFHBIC L D total cell kill Z BT
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BIfEH & L CRIMRBAPESLMBEE 2> T

7 7 o

1359

A, 4 HORR TR i/MOEAE B L T/
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DB THOI A b AH 4 eI X YL
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HIBTO TPO DWFFE R RIS H O i3 £ 72
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