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Abrogation of U266 Multiple Myeloma Cell Proliferation Via
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Background: Curcumin is a naturally occurring biologically active compound, and it has been shown
to possess potent anti-inflammatory, anti-tumor and anti-oxidative properties. It is known for its anti-pro-
liferative and proapoptotic effects in several cancer cells. Curcumin’s effects on the mechanisms of cell
survival and the expression of various cytokines were investigated in U266 cells and the in vivo effects
of curcumin were examined using an animal model.

Methods: Cell proliferation assay and flow cytometry were used to examine cell proliferation, along with
cell cycle analysis. The protein expressions were analyzed by Western blotting and the expressed levels
of cytokines were analyzed by the ELISA method.

Results: Curcumin inhibited U266 cell growth in a dose-dependent and time-dependent manner. Cell cycle
analysis showed an increased sub-G1 phase, a down regulated cyclinD1 expression and an induced p21
expression. Apoptosis induced a down regulated procaspase 3 expression and it induced cleaved PARP.
Curcumin inhibited the IL (interleukin)-6 induced cell signal pathway via decreasing the STAT1 an 3,
Erk cyclinD1 and c-myc expressions. Also, administration of 25mg/kg curcumin to a U266 animal model
inhibited cancer cell engraftment in the bone marrow and it decreased the IL-6, sIL-6R and IL-8 ex-
pression levels.

Conclusion: Curcumin induced cell cycle arrest and apoptosis and it inhibited the IL-6 mediated signal
transduction pathways in U266 cells. Similar to the in vitro results, curcumin inhibited cancer cell pro-
liferation and the expression of cytokine in vivo. (Korean J Hematol 2008;43:19-27.)
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52 29 39l curcumin (diferuloylmethane)S =

ol Ake] AT} &8} 4] &< curcuma longa (Zingi-
beraceae) 2] oAl FEH o] QA=A F2lo
2] AHEEE w3 A2 turmerice] 4 o)t
Curcumin &5, aet, gitsl 83 5 gt ok

oo

i 2 oo

4 5235 71 9en” qgd 13 g,
Hash” 2ker®)3l Fagh(sW Yy, Y=y
MGY) AT F4& AL, AZRAE FE
otm, ¢l HolE dAle] Frha Bawa it shA|
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9k curcumin®] thA]

19 E5F0) 1Y AL %
A BIHE AT 99 L9AA AxA2d u]
At GFE A BAAA @gieh ey £ AT

= iy 43 Al EFQ U2669) 4 curcumindl] 2
gk IL-60 93l fFese AESA Y A7 thef
gt AAQIAL] Mol n|X = JFS Lo, FE

2dE o] &, AA WollA curcumin®] &IE Lotk
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OgEAFFE A EF U266 American Type Cul-

ture Collection (ATCC, Rockville, MD, USA)| A T+

Atk AEE 15% elol @33} 100 units/mL pen-
icillin, 100 ¢ g/mL streptomycin’} %7} RPMI1640
(Gibco/BRL, Gaithersburg, MD, USA) Hjj o}l & A}&
5% CO,, 37°Ce] 32 v F7| oA ufj Fabad oz, vl
< 3UA 4 HF o2 wAsH, At v Fsto] AL
A=

2. M=

PD98059, LY294002, SB203580, SP600125%} 6-ami-
no-4-(4-phenoxyphenylethylamino) quinazoline (Calbio-
chem Corp., San Diego, CA, USA)+ dimethyl sulfoxide
(DMSO)°l| &-all3t9] 2™, curcumin (Sigma, St Louis,
MO, USA)-& DMSO9] 25mM9] stock©. 2 TFEo] 9]
IES L 20°Co| HHslgon, mjxo 3] A3
AFE-3FI Tt A 23 IL-69} sIL-6R Alo] E7}Q1-S R&D
systems (Minneapolis, MN, USA)o| A F+43td, 0.1%
bovine serum albumin (BSA)7} % 7}¥ phosphate-buf-
fered saline (PBS, PH 7.4)°l| $=3}ale] —20°Ce] X3
E=g

3. Cell proliferation assay

Curcumin®] F& 7t WE AZ S4 A=
QFE Fobisl el 100419 WFe] FHE
U266 Al LF(5X10°/wel) S 96 well platse]l EF3}1L,
ko] M- Z47] 2 =2 curcumin 100 gL
= AAE AIREe R Aesto] Wity 2" F, 10
1L CCK-8 &9 (Dojindo Labortories, Kumamoto,
Japan)& A 2l sto] 441 2F ¥H-g-A1Z1 $, 450nm T} ol
Al microplate reader (Becton Dickinson Labware, Le
Pont de Claix, France) & ©] &3l &332 =43
oh Hits EFAAE 3w 5PAQ 2o <l o
gt

4. FMZE £F

Curcuming 2|3 U266 A E£FE 1 X phosphate-
buffered saline (PBS, PH 7.4)2. & A sta, 2712
70% et 2 A Z T THA] 1 XPBSE A
A ¥ propidium iodine 10 £ g/mL (PL; 0.5%, Tween-20;
0.1%, RNase 100 ¢z g/mL) 2 2320 A 3023t 4619
o} Al XF7] 241 Becton Dickinson flurorescence-

activated cell analyzer®} cell Quest software (version
12)E& o] &3t Attt
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5. Western blotting

ABE A3t Al E£E lysis buffer (50mM Tris-HCl
(pH 7.4), 150mM NaCl, 1% NP-40, Na-deoxycholate
0.25%, 1mM EDTA, 1mM NaF, ImM Na;VQO,, 1mM
PMSF, aprotinin, leupeptine, pepstatin 1 pg/mL)Z total
whole cell lysateE A1, F&F & 30pg @A S 10~
12% gelS ©] &3 SDS-PAGEE A3 =&, ﬂ‘ﬂfﬂ] o
A2 Immobilion™-P PVDF membrane (Millipore, Bed-
ford, MA, USA)ll 300mA= 3A]7F B¢t Mo A7t}
thil o] Ho]lE membraned 5% non-fat dry milk S
2 A7 A L0 A WS35l blockingd}$] t}. Blocking
F 4218 93 GAE ALl o] £CAA 18~20412)
HE-g-AI 71T H&%O] ¢ 5 TTBSE 108 714 o= 3
3 MH3 & A5kl 1% non-fat dry milkE ¥ &
TTBSel| Horse radish peroxidase (HRP)7} H-2+e o] 2}
A & 1A WA 7] 3 kAl g W TTBSE 104 3t
Ao 7 33] AFsAt) A& o] B ECL solution
(Amersham, USA)C. 2 183t ¥k & Kodak filmol
sl et bande] $12 ¥l wato] gl wel
§% 9 1 RS A

6. ELISA &AM

IL-6, sIL-6R, IL-83} VEGF2] Enzyme-linked im-
munosorbent kit (R&D systems, Minneapolis, MN, USA)
= o] &3t ELISAS A3 100 Lo A EE
microplate?] wellol] ¥& & A Lo HAIHE A7 F
oF ¥h-2-A171 &, washing buffer2 43] 4|2 &, 200 L
conjugates ZF wellol] ¥ 11 241 7 ¥F2-A)1 71 &, wash-
ing buffer2 43] M&s}dct. 1 & 200 L2 sub-
strate 895 ¥ 208 <k o] AE A vhgA[7]
% 50 L stop EHE €& Z 450nm el A micro-
plate reader (Becton Dickinson Labware, Le Pont de

Claix, France)S o] &3l E35E =389

O

7. NOD/SCID O}AE 0|28st CILMEFFT 2

C
= e

K

1) DF—‘?-A 12| Mol U266 MES FA

BT 9 NOD/SCID w}-$-2 150k2] 2 'Cs-ir-
radiator<- 01 3o 300rade] HARA O] =471 3
300 £ Le] HBSS (Hank’s Balanced Salt Solution)ol] -+
 5x10° U266 A EFS me] Fad] F8t9

2) CHINBS SO W off Ba

ok 2o U266 M 25 F3ka, 6~75 F v}

o

12 E8 Curcumin® U266 CtEHZ4E MHEZFo A% 2AMEsn 21

29| gl Al &<k
SGEEHG S Ao, =
NOD/SCID wh-§-2~¢} v a1, A8t} gk 3| A A
0] Gto]l W E AEsta, F5E FEto| =
T3 & Wright-Giesma G 0 2 oA o] &) o
2 gl

3) U266 OF$A 2EO| curcumin 504

U266 v}~ 2o A curcumin®] S LolH 7]
Y3 up2o U266 Al EFS FYL 157 &, 25mg/
52 ‘Hi —r@] B TH(T: 10
= D O}AA]:}_(C 5
FA e WstE i}o S E TJr
o A : =

A

kg9 curcuming F 23

I} vl w, A8 T Curcumin £ 67 & «l §"l74
7ol ME AZFsty =

Wright-Giesma’s 44 % curcuming §oJ3}#] e
npg-2ote] Z 2 =
A, TxFdoA AL Blsto] ELISA 24< A

o,

o A& <
o

8. SHAZ
= A7 BE A9E SHA0R 3 o) AAJst
ATk SA Z2IRS o] 85k, 2E A P+
EEAAE FA GG

<0054 fFeld<
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1. CurcuminO| CIEMZFE MNE ZSA0 0K
= G} MEAIY M 7Y

U266 Al EFo| curcuming 0~100 y M7HA] =Y
2 Agstds W, curcumin®] F=7} F71gel whet
Aol F4o] JAHJ e, 25uM o] Gz A2t
S= o, curcumin®] =ZFA|7HE 24, 48, 96A|Fo R &
2] st wl A9 F2o] AlE = Flo] A
th(Fig. 1A). Curcumin®] <3+ A EA}E
ol 7] 9ste] A|ZALE T Al procaspase-32}
cleaved PARP (polyladenosine ribose polymerase)S
Western bloto. 2 Al & 23} 25,M FTEFH
procasepase-37} fradte e AFE F Ao, 50
uMol A cleaved PARPS] ¥2]7} dojub= AHo] B3
= tHFig. 1B). 99 @ﬂri EO} U266«] A E

£ curcumin® A 7F-%
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Fig. 1. The growth of U266 cells was inhibited and activated
apoptotic related protein by curcumin treatment. Curcumin
treated with at various concentrations and times and curcu-
min (50~75 ;M) reduced cell viability by 40~60% for 72
hrs (A). U266 cell treated with indicated concentration of
curcumin for 24 hrs. Apoptosis induced by exposure of 25
and 50 M concentration of curcumin (B).

UATH ET Fr oJEzAH 0 A EZAMH| FUlehH,
Caspase-39} cleaved PARP ¥l o] A3l nEZE
glo} o EAQ A2E B3l ME 107 A&

A AR,

2. Curcumin0f |8t M|=E

}EE =

F7| Ha 24

U266 Al £Fo| curcuming 25y M=Z 2] 2|5} 244]
T ERAE SEEE ol & AEFVE HESIT
27 v w3t S W, curcumin A 2T A G17]
7F 159 S7HE o] #EHJTH(Fig. 2A). o]o] A,
curcumin (10, 25, 50 u M) & 24A17F A2t & M EF
7] B gl o] WM3lE gelgk 23 104 M curcu-
min A 2o A 7§ cyclin D19] H4E A F+ AU

Ak, cdk4e] HdHo| = JFE A Fshh L3 25
uMOI A FE p219] Tdo] F7tEE s & & 3
t}(Fig. 2B). 919 A3 & Ho} curcumin< cyclin D1
Skl G1o BAE FEdoazn Alxsd 9=
FE AT AAE,

T A=

\.

A
C 25 uM
150 050719,001 150 050719,002
120 120
£ 9 £ 9
3 60 “ 3 60
o o
30 \J\\ 30
0+ i 0+
0 200 400 600 8001,000 0 200 400 600 8001,000
DNA content DNA content
Cell cycle (%) C 25 uM
G1 27.41 35.7
S 54.95 49.79
G2/M 17.64 14.51
Debris 2.64 8.02
B
C 10 uM 25 uM 50 uM

Cyclin D1 _. —

CDK4 | o — ———

p21 o

racin ———c— —

Fig. 2. Sub-G1 was induced by curcumin treatment via in-
activation of cyclin D1 in U266 cells. Sub-G1 phase in-
creased after treating U266 cells with curcumin 25 4 M for 24
hrs (A). U266 cell treated with indicated concentration of cur-
cumin for 24 hrs. Curcumin treatment decreased expression
of cyclinD1 and CDK4. Its treatment increased expression of

p21 (B).

3. U266 M ZF0HM curcuming@ E&

MSHEY AMHZE IL-601 2|5l Al
SHE A2 DXz HE 24
Curcumin®o] o3t AE A& F2E JA A
ol 7] 3, PR EFTAAM 8T d&E st=
‘3 Aoz 2 1L-69] A5 AGE =2 A171 3, curcumin
< X33 gt Aladg JAA e EHE LolE Sk

t}. Curcuming 6-amino-4-quinazoline (NF- x B activa-
tor inhibitor) &k A 9] A FE Hlen, IL-69
o8 F %5 = Erk$} STATI, 39 Q432 943 7+
aA71E A 29D F AATH(Fig. 3A). =3 T
PAo| TogEG L7 HAARJIAD cyclin D13}
c-myce NF-kBo 24 & W FAAo|H curcumin
A Al 919 FRAe] dde] Ay e e AT
4 A }H(Fig. 3B). o|# 3 A= curcummO] T/}E Al
IAL JAA R gHF 0 Z [L-60 93 A|lE

AL JA8lH, NF- £ Boll 8] S5 & de}-ﬂ
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Fig. 3. Effect of curcumin including various signal trans-
duction inhibitors on IL-6 mediated cell signal in U266 cells.
U266 cells were incubated with serum free culture media
(RPMI-1640) for 24 hours. U266 cell pretreated with various
signal transduction inhibitors including curcumin for 1hr and
then stimulated with 5ng human recombinant IL-6 for 15 min.
30 g of whole-cell extracts were analyzed by Western blot
for phosphorylated STAT1, STAT3, total STAT1, STATS,
phosphorylated Erk, and total Erk (A). Cyclin D1, c-myc and
B-actin (B). Lane: 1. control; 2. 5ng/mL IL-6; 3. 25 M cur-
cumin, 5ng/mL IL-6; 4. 20 .M LY294002, 5ng/mL IL-6; 5. 10
«M PD98059, 5ng/mL IL-6; 6. 20 .M SP600125, 5ng/mL
IL-6; 7. 20 .M AG490, 5ng/mL IL-6; 8. 10 .M SB203580,
5ng/mL IL-6; 9. 2 M 6-amino-4-quinazoline, 5ng/mL IL-6.

38 S AAetE AL curcumine] NF-xB @42 %
Ag 4+ e S A

4. CurcuminO| IL-62} sIL-6R2| &S0 O|X[=
of Sk
oo

st A5 ZAFolA curcumine 6-amino-4-qui-
AFOR -6 AsAR #d /4
Asle 235 2t wabA curcu-
T3] Wl "R Aol gle 4
L?ﬂ de o &3S FeA Gotrsith
A< W, IL-6 (Fig. 4A)

_,d
o

nazoline} A
SERE
3L
=

1S S8 Curcumin® U266 CHENHB4Z HMEFS 4% 2Alsd 23

IL-6R (Fig. 4B)9] && o] fHadtes AS 4 + 4
, 53| sIL-6RE 6-amino-4-quinazoline?] =] 2]
2R YA, curcuming A 2] Al Tk o

=] o
Haste A @ % Ak

> 30 to
J}"u I‘lf 10 [72)
1:1“—‘3‘r<

o
frtl

5. NOD/SCIDE 0|8% CHIMZ4E DHojM

9| curcumin &1}

Curcumin®] &Jate] LA EZ] o] AAHE A3
o AdoA #Zstd o™, curcuming A
7} A RE Golr 7] 93l NOD/SCID wh-§-225 o] &
of oln] e Y FFF BdS U266 AETE
o]t RIS g §, F 23] H7bo] curcumin
25mg/kge 677t Fol g AF}, curcuming £ 514
e NA B Fofgh AAANA AL HfFo] A
=& Wright-Giesma g2 o g2 #olg 4= 9t} Cur-
cuming Fo3x] g+ nt$2oAE curcuming T
05|6L nhg-29F Bl wst gl S wf, oA Hzke o3}

FA O Fhae) Fam] BAY, HF7t oA =
’E}O] HZEAHAH AA A &), g nlA] @5
ol 2EETt % ol Sl & WHIL v
Zol A AtHFig. 5). o]l R EFF <]
A e A Q1 Z?ﬂ 4l H‘ﬂ‘ﬂw] 1)rE]r‘fH—t— % A A

m_OLI:olvxﬂ

[

(Fig. 6B)2] W3] o] =
o #E(Fig. 6C)o] #Aadte AS & "F 9%]91‘:]'

|
1]

Curcuming M XF7]19] 243 3
o A, Al EAFE & Gl %
A7l 71 o2 g E5F Al
AE JASAT. U266 4 FxZo H]&Edte] pro-
caspase 39 7FA %} cleaved-PARP7} #&EH &

=o} o E2H AEAE S FETS 5T F U
). E3F curcumindl] 9|3 Al EZAAA JAl &= A EZF7]
% cyclin D19] @3 9tS Ao 2R Glo FA S
F=s AAR FAT AT A EF7]e] 24 o]
SHo)A] e AR Hol MEAA A ZI A Al
Il FHEQ 71Ad S 5 e, o]
gt o] 2 e Asde A A < A curcumin®]
A 2T A nA s 93-S T8t Bt &
A8 Ao W2 curcumin E}‘??]_"‘é =559 F
8 Az Ag A

= 3
i
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Fig. 4. Secretion of IL-6 and sIL-6R were inhibited by curcumin treatment. U266 cell treated with indicated concentration of
curcumin for 24 hrs after culture in serum free media for 24 hrs. The secretion of IL-6 (A) and sIL-6R (B) was decreased

at treated with curcumin.

Control

g E'r‘%“’ﬂ’ﬂ IL-69] ¥4l &/d3l= STAT3
Al &gstE frest™, 3k Al EZaAre] o
AE el whl A (Bel-xL, Mcl-1 5)¢] @S &
AN A G R HHFH FAL 2Qq
Curcumine &4 3% STAT3Y] 7HA 9 M Z =44 &
ol st Tl A 2 MAPKS! Erk9] <1413} 5 ¢473] o
Aste] A2 G2 F2S dASHATE E£3 NF-£B
Sﬂr STAT3¢] 24 & W cyclin D13 c-mycd] #HAE
e gdlen o2jd s AL A= A A
A3 AY gA 9AA F 6-amino-4-quinazoline ™}
] - FARE 235 UER T
6-amino-4-quinazoline= NF- ¢ B2] ZA&HA]
atH, TNF- ¢ o Ak Aot

K

= oA
AAZE Bus 3 9

Curcumin treatment

Fig. 5. Effect of curcumin in
U266 animal model using
NOD/SCID mouse. After U266
(5x10% cells were given via
NOD/SCID mouse lateral tail
vein, 25mg/kg was injected
via intraperitoneum. 6 weeks
later, development of bone le-
sions was examined using
whole body micro CT imaging
of NOD/SCID mouse. (A) Con-
trol, (B) Curcumin-injected
SCID mouse.

t} 2 wabA 6-amino-4-quinazoline$} o] curcumin’s
NF-xB @4< oAsE B3E A= A0 of7]
Zt

g 24 25 A Bortezomib (PS-341, Vel-
cade™) = proteasome A A 2, NF- B2 4L =
Aate 1, BY QA4EE AAlatE 7147S kA2 9
on ARAFME E77} 9lgo] HuEm >
o3t o] &2 & v curcumin®] &3t NF-,B &4 9
A e hEd2FE AEFZS JA = 71 =
Agtty w5 9t

U266 autocrine® paracrine®. 2 EH| &= IL-69]
oA A HolH (A} AN SHA 245), NF- £ BE]
S A= AFJAIL-18, TNFa)E A
Al IL-69] o] F718hs & 4 Aok Eg IL-69]
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‘*5}9 NE- g Be] 8 IL-69] @dlo] 3714 4 A&
S vtk ol thdEFF FAl

=T
9)\‘11 IL-69] B&e okx o] AATA Eeo] ¥
5 QA Feel 24sEn e e ved,
E3SIL-6RE TP T2 B9
BAG #AY hgo] Haso] g
Aol T dAoA gdA Bl
7ke ol &

l:ﬂ-)\‘]

=
kN
By
o)
=
o
e}
3,
jon}
o
S o

Qlof] AHH de} % IL-69} sIL-6RQ] W
dFodel nx = WstE dolr ] 98, U266 Al EF
d) curcuming & A] IL-69] @& o] 7+A3HS HAE}
At} o] = curcumin®l] 93] NF- B2 &4Jo] x|
= onap EE IL-69] 93 fFEEHe AEAE A
2o 9A &7} 6-amino-4-quinazoline} FAFES

rS

E‘I"o

uﬂ

.

£8 Curcumin® U266 CHEABAZ HEFO M AREH 25

B
P=0.0379

300

250

200 A

pg/mL

150 ~

100 T 1
2

1
1: U266 control 2: U266/curcumin

Fig. 6. Secretion of IL-6 and sIL-6R were inhibited by cur-
cumin treatment. After administration of 25mg/kg curcu-
min to U266 animal model for 6 weeks, IL-6, sIL-6R and
IL-8 expression levels were examined using ELISA
assay. The expression of IL-6 (A), sIL-6R (B) and IL-8 (C)
in serum of administration of curcumin group was de-
creased with statically significance.

AAE F= Azto|t}. 3 6-amino-4-quinazoline &
sIL- 6R9] WS A BkA] FsHAA T, curcuming A
= 5 92X 02 (L-6R WAL 7
skQld 4 Atk wekA] IL-64ERE of
Yt sIL-6R94 el S 7HA A7)+ curcumin®] 6-ami-
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