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Inhibitory Effect of D-pinitol on Both Growth and Recurrence of
Breast Tumor from MDA-MB-231 Cancer Cells
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Abstract — D-Pinitol, an anti-diabetic substance, is a naturally occurring compound found in legumes. In this study, we inves-
tigated the inhibitory effect of D-pinitol on growth and recurrence of breast cancer. When D-pinitol was treated on MDA-MB-
231 or MCF-7 breast cancer cells, it was observed that the viability of the two cancer cell lines was reduced in MTT assay.
In order to examine the effect on the growth of breast tumor, mouse xenograft assay was carried out. On day 0, nine millions
cells of MDA-MB-231 were injected subcutaneously into nude mouse and D-pinitol was administered orally at the dose of
500 mg/kg or 1000 mg/kg body weight for consecutive 45 days. Tumor size was reduced in dose-dependent manner upto 95.4%
in 1000 mpk-treated group, compared with the non-treated control group. When D-pinitol was co-administrated with 4 nug of
doxorubicin, recurrence of breast tumor was delayed by two weeks, compared with the mouse group of doxorubicin mono-
therapy. Consistent with this data, it was observed that the population of cancer stem cells (CSCs), responsible for recurrence
of cancer, within tumor mass was significantly reduced. Taken together, D-pinitol inhibits the growth of breast cancer and

relapse of the tumor by suppressing the proliferation of CSCs.
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48 ME - A= EA D-pinitol} thz =21
doxorubicin hydrochloride®} metformin Sigma(Sigma, St.
Louis, MO, USAAIA] 433l om F-ETh st ot
g} oFf PAET A Bt

Al 2 717] - AlEnjekel] Z 23 RPMI, DMEM, FBS,
penicillin/streptomycin, PBS+ Gibco(Gibco, Grand Island,
NY, USA)AFI A 43192, vl %F7] = Sanyo(Sanyo,
Moriguchi, Osaka, Japan)*}2] CO, #] %71 & AF&-3F Tt
MTT assay®ll AF&3 MTTE Amresco(Amresco, Solon,
OHIO, USA A #9138+ 91, MTT solventol] E¢17}
= HCIZ} isopropanol> Deajung(Daejung, Siheung-si,
Gyeonggi-do, Korea)A}oll A, triton X-100-2> USB(USB,
Clevelanf, OHIO, USAA}llA F4 3t th. Formazan<
Hol=d AME3gh obital shakeri= Heidolph(Heidolph,
Walpersdorfer, Schwabach, Germany)A}2] vibramax 1002
AHES AL, B EE =4 5= microplate reader”] =
Molecular devices(Molecular devices, Silicon Valley, CA,
United States)*}2] spectramax M2E AFE-SITE =714
x| ME-2 SAeP] ffell A= anti-CD44 A9} anti-
CD24 &A= BD(BD, San Diego, CA, USAA A ¢
3}om, BSAE SigmartellAl TYFATE G=71AH 2]
H| &8 SRkt ARSS FAIEZ 4171 BDAR canto
OE AF&3Ath 96-well plate= SPL(SPL, Pocheon-si,
Gyeonggi-do, Korea)Atoll A -39 2™, 1 ml syringe<}
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1 ml insulin syringe, cell strainer= BDAFOIA] 93331t
T %9l A7]= Mitutoyo(Mitutoyo, Kawasaki, Kanagawa,
Japan)A ] vemier calipers 918t 73T

MZ dH¥ — A 8% A< MDA-MB-231 Al
XE 10% FBS9} 1% penicillin/streptomycing- 3 7} 3t
RPMI 1640 A& ARg-sto] vl skslem, AAFa F
ok M| EF91 MCF-7 Al Z& 10% FBSS} 1% penicillin/
streptomycine 3 7Fst DMEM HIX| & ARg-3te] 37°C, 5%
CO, Z710A % skaict.

MEZE d& &3 -Alx9 44 S4st7] flal MTT
assayS A3 TH MDA-MB-231 Al %52} MCF-7 Al &
F2 72} wiA] 200 ploll 5x10° cely EFEEE slo] 96-
well plateol] 7-3te] 24x]7F FF v ettt iR E A
A%k 5 vjFE Al Eo)| doxorubicin hydrochloride(F &5 =
:1 uM), metformin(FE-55%:5 mM)zZ} D-pinitol(HF5 %1,
5, 10mM)°] H7FE viAE 200 pk¥ YolF 5 48747k vl
Fslsitt. 48A7F & MTT solution(5 mg/mlyS HolE F 2
AZF 59 2153 37°C, 5% CO, ¥l 71014 vl sttt
2] & A A3 & MTT solvent(HCl 50 ul, isopropanol
15ml, 10% triton X-100)Z 100 ul ‘2o ¥ obital shaker
of|A 300 rpme 2 2047+ AWAJH formazans §3IAA F
AT}, Microplate readers ©]-83ste] 574 3¢ 570 nm o=
+4=E st

A8 SE - SPF2l 457 BALB/c nu mouseE Orient
bio(Orient bio, Seongnam-si, Gyeonggi-do, Korea)A}oll 4]
79 ¥ semi-SPF &N 157k 28717k AZl H
AP AFETE BB ARAS 25 23+1°C, % 50%,
2AZHY Hhrs fA181th A5 ES 428 v~ Al
ofAolA ARSI, AFES} AE AR e] AF sk
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0|Z ol4| 0?2 ZH(Nude mouse xenograft assay)
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I'ml syringe® $-252] AzMe} 9 Alole] oo} 29| 7]
SR EE S DB ERPROE EES TR R
ofz Folwt EME THAY FA9IE B/t D-pinitol
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& 500 mgkg)y> SHTE ARSI 50 mgmle] =2 &
s gk & w2 10 mlkg HFO 2 WHESle] 45U <t
747 o331t} Doxorubicin hydrochlorideS PBSS ©|-&
alod 0.4 mg/mle] FE2 &gk & mhe-2of 20 ukd 1 ml
insulin syringeE ©|-83}o] W24 02 F<F Ul (intratumoral)
o F 43](0, 5, 10, 15¢) Tt FAE T =271
7F 53.0mm’ =2 A BE 459A71A] F 143] AR R
vernier calipers ©]&-3to] 3438 54 & Zo](length)
x UH](width) x 0] (height)22] A4 ol &J8)] FU=7]
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anti-CD24 A S 7}k T 4°CollA] 208 &<t WH-Al7]
I, PBSZ F W A3le], 500 ple] PBSZE thA| H-HA1A
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2} MCF-7 M2FE 2477 vt 5, 1 uM doxorubicin,
5mM metformin 22| 3L 1, 5, 10 mM D-pinitolS 48] 7F
F9F 22]sle] MTT assayS =333131tt. MDA-MB-231 Al
EFHE 1uM doxorubicing #2339 S W 21.7%
(»<0.05) 43R 5 mM metforminS # 2] 519S wl=
12.7%7}F 7H28kdek. &3 1, 5, 10 mM D-pinitolS- #]2] &}
RS WE FEEE 19% (p<0.05), 25% (p<0.01), 28.1%
(p<0.05)} #Aasle] Fx oEF oz JHo| A== A
S Fel3FAtHFig. 1A). MCE-7 Al 2FME 1uM
doxorubicing A 2]5k& ® 41.1% (p<0.05) A3k
5 mM metforming #23}& W= 14.9% (p<0.01)7F 7+
23190 1, 5, 10 mM D-pinitole- 2]2]3199S e 5=
HZ 20.7% (p<0.05), 21.8% (p<0.05), 22% (p<0.05)7} 7+
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Fig. 1. Growth inhibition of D-pinitol on breast cancer cell
lines. MDA-MB-231 and MCF-7 cell lines were treated with
1-10 mM D-pinitol for 48 hour. Doxorubicin (1 uM) and met-
formin (5 mM) were used as comparators. Cell viability of (A)
MDA-MB-231 and (B) MCF-7 cell lines were estimated by
MTT assay (*p<0.05, **p<0.01, ***p<0.001).
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assayoll Al &Rl E 5 7k 2] MEFE Z doxorubicin®]
Wde] 9lem D-pinitolell= 78] MDA-MB-231 4|
FE mousedl] ©]4]3t xenograft model2- ©]-&-3l] AJA] U
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A% Fol83: 500, 1000 mg/kg)ye WMl A Fols)
2.1, doxorubicin hydrochloride> PBSE ©]-&3}]
04 mg/mle] TE=E &3k § whp-Zof 20 u¥ BHEZ O
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Fig. 2. Inhibition of breast tumor growth by D-pinitol in nude mouse xenograft assay. On day 0, nine million MDA-MB-231 cell
were implanted subcutaneously into nude mouse. D-pinitol at the dose of 500 mg/kg or 1000 mg/kg body weight was administered
orally for consecutive 45 days. (A) The body weights of the tumor-bearing nude mice were measured to evaluate overall toxicity of
D-pinitol. (B) Tumor volumes were estimated by the formula: length (mm) x width (mm) x height (mm)/2. Photographs of rep-
resentative MDA-MB-231 tumor mass at (C) 25 day and (D) 45 day were shown. At (E) 25 day and (F) 45 day, relative tumor

size was measured (*p<0.05).
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Fig. 3. Inhibition of the growth of the cancer stem cells within
tumor mass by D-pinitol. On (A) 25 day and (B) 46 day, the
mice were sacrificed and CSCs population of the breast tumors
were measured by flow cytometry analysis after double stain-
ing with anti-CD44 and anti-CD24 antibodies.
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CD44", CD24°¢] X HF S At} wehA $-2l= MDA-
MB-231 4| E3FZ BALB/c nude mouse®l] ©]2] 3} mouse
xenograft assayE 3t D-pinitolo] =712 2] 52
o M= PG AUt} D-pinitol Fo] F 2593} 462
] TSP E GLMESE AlZ] F, anti-CD44 A<
anti-CD24 A& o]-&sle] Y=71MES v &S FAHEZE
2718 o] BEA T 25UA e A9 e iy
doxorubicin 4 mg/kg Tl A 624% 745 eH D-
pinitol 300, 500, 1000 mg/kg Tt Z+Hztell Al 17.4%,
33.7%, 44.8% 74225113 doxorubicin 4 mg/kgdt W& &
&gt D-pinitol 300, 500, 1000 mg/kg FoIxt 2ol = 7t
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Fig. 4. Delay of breast tumor relapse in mouse xenograft assay
by D-pinitol. D-pinitol at the dose of 300 mg/kg, 500 mg/kg
and 1000 mg/kg body weight was administered orally for con-
secutive 63 days. Doxorubicin at the dose of 4 mgkg was
injected within breast tumor four times for 15 day.
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76.3% 7ash= A& SH18HA th(Fig. 3B). D-pinitol> &
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&2 @3] Faste] AlYA] a37F dehs Ag 8l
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