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Actinomycin D is a natural antibiotic that is used in anti-cancer chemotherapy and is known as a tran-
scription inhibitor. Interestingly, actinomycin D induces phosphorylation of signal transducers and ac-
tivators of transcription 3 (STAT3) in renal cancer Caki cells. In this study, we examined the molecular
mechanism of actinomycin D-induced STAT3 phosphorylation. Treatment with actinomycin D induced
phosphorylation of STAT3 (Tyr705) in a dose- and time-dependent manner. However, actinomycin D
did not induce phosphorylation of STAT3 (Ser727), STAT1 (Tyr701) and STAT1 (Ser727). Moreover,
actinomycin D-induced STAT3 phosphorylation was caused by decreased protein and mRNA levels
of SOCS3, but not by JAK2 and SHP-1. In addition, other transcription inhibitor (5,6-dichloro-1-b-D-ri-
bofuranosyl benzimidazole; DRB) also induced phosphorylation of STAT3 (Tyr705). Taken together,
the present study demonstrates that transcriptional inhibitors (actinomycin D and DRB) induce phos-
phorylation of STAT3 (Tyr705) in Caki cells by down-regulation of SOCS3.
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Actinomycin D Actinomycins groupdl| 43t FAEZ
2 dactinomycin = cosmegen ©|2ti % g} A2 5437
IS 7Y EHA o kAl 2o DNAd 285t
© FAAZ LA o 2FETH12,13]. Actinomycin D=
A EAE AHapoptosis) & €07+ 4Ee FEEZZ DNA
of Agat] frd HH HAE AT, 13]. o5 FAF oF=
< YA EF
sarcoma), S (melanoma), § % %% (choriocarcinoma) &
o Agol AHEHE ¢ 88 A& FEo|t}h Actinomycin
D9 #&714e e FE(0.01-0.05 ug/ml)ol ME HAAEE
S A AT Fe FEE1 pg/ml)olNE AZAEAL
(apoptotic cell death)& % $HtH6,21]. =8+ actinomycin D
= W 22 FE(1 nM)ol A She/Grb28] F5 285 A3l 5t
22 G171 arrestg % 3FATH10]. 3FA%F She/Grb29]
43 289 A3+ 10 nM actinomycin DA #& HEZ
NZE & 7149 NS AAste Foh

Signal transducer and activator of transcription 3 (STAT3)
2 STAT family 5 32 AEZ o)A nj@Agoz £
ekl o2 7bA9 Abo] EFHY) (cytokine) o]yt Ad A}
(growth factor), 2] A= 5ol 93 <ikslrt dojdt
5 o] Al (dimer)E B8 F 3 Y= o]F A5 E ML
3= AR QI A (transcription factor)©]TH7,9,19]. STAT3

%(germ cell tumors), X4 5 F (soft-tissue
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FEAIIH, 53 B2 SEAEAA
2 4214 QltH16]. STAT3Y &AL
STAT3 Q14}slE Z718k= STATS upstream kinase?! Janus
kinase 2 (JAK2)] <14ts}e} JAK29F Ajste] &4& oA}
T suppressor of cytokine signaling 3 (SOCS3) @4 W& %
%9} tyrosine phosphatase$] SH2 domain-containing protein
tyrosine phosphatase (SHP-1)¢] €730l a4 =4 Hr} [1].
JAK2E interferon-y (IFN-7)9] Az AN Fa3 9
S 3t A EFRRD F8A ] 3Rl A AlEY 7T 24
T3 AARIZY STATY] QI4HslE frE3HtH17,18,22].
SOCS3= STATS A AY JAK 243 #dd 845
AL A EFRY AS AeA 2o 8% 435 &
o} L3 SOCS3 A A+ interleukin-6 (IL-6)9] Fo9+ 24
QA IL-60 ©3F STAT39] 2745 AAIRThaL LA et
[3,15,18,23,25]. SHP-12 tyrosine?t7] 9] 14k719] &elatals
Eo ANaAYS SAF o7 2AITH518,20,24].

B Ao M= AL A A (transcription inhibitor) 2 %#
A 34+ actinomycin D& A 2] A] S0]# 02 STAT37} Q14
3} He A FAsA T Actinomycin Dol 93 FE5H =
STAT3 Q14¥8he JAK2 84S Adfsh= SOCS3 il d 9
q 7HAho 93ty of7|H-S 81519 AL, STAT3S] E2lAks
FEdtthal ¢ 3 tyrosine phosphataseq! SHP-1 &2
etk 3 b2 A A AlME T S
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TE 3

MIZE HHQF B AlSF

B Ao AREg A SA 2521 Caki= American Type
Culture Collection (ATCC, Rockville, MD, USA)ll A 13}
Atk AEZF vl A A 10% B ok-E A (fetal bo-
vine serum, Hyclone laboratories, Lagan, Utah, USA)H 1%
Antibiotics, 0.2% Gentamycing 3 7}3t DMEM (Dulbecco’s
Modified Eagle’s Medium, Gibco BRL, Grand Island, NY)&
ARSI o 37°CE FAHE 5% CO, W% 7]1E o] &3t
wjFatich. A gl AHEE FAIQ] actinomycin D¢ DRBE
Sigma (St. Louis, MO, USA)ol A <]5FAth

Western blotting

chul g o] Whe- S Aol 7] 984 Western blotS A3}
At} AEE 045x10° cells/well 2 124 7F W] 2o, FBSE
WA e 78 WA wAse] Aok Helstel v
& 3, AEE Fo} 32yl lysis buffer (137 mM NaCl, 15 mM
EGTA, 0.1 mM sodium orthovanadate, 15 mM MgCl,, 0.1%
Triton X-100, 25 mM MOPS, 100 mM phenylmethylsulfonyl
fluoride, and 20 mM leupeptin, pH 7.2)% 37}3taL 5% 7+
Ao F 15% < 39 vortexste] A|XE 333k 3 13,000
rpm, 4°C, 1587 dAEF st A58 FHEH AEE
562 nmell X FREE Fsto] @ ds AFetA e, 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)ol A @¥jd-& ¥ &, immobilon mem-
brane (Milipore, Bedford, MA, USA)S.Z transferd}$ith.
Membrane< 5% milk/TBST (20 mM Tris-HCl, 137 mM
NaCl, 0.1% Tween 20, pH 74)Z A2l A 1A17F A8 &,
p-STAT3, STAT3, p-STAT1, STAT1, SOCS3, p-JAK2, SHP-1,
ERK (Santa Cruz, CA, USA)E 843t 5% milk/TBSTZ 4
24 1247 F-A 84t} Anti-mouse BE& rabbit Ig horse-
radish peroxidase/TBST (Amersham Buckinghamshire,
England)2 1A17F ¥k % Enhanced Chemiluminoscence
(ECL, Pierce, IL, USA)&H-& 7}3te] A AA whebd
S stk

ATl FEtgA AMHES(RT-PCR)
HEE 045x10° cells/well 2 12417} uj%F Fol, FBSE 7}
%o T AR wA st AlokS At Wig &,
3.0} Trizol 700 wlE A 7}8+3 chloroform 140 pl& 3
0 rpm, 4°C, 15% 3t A2 este] A 8E F4l3t
At G5 AE H F 539 isopropanol S A ] ste] -20°C
ol A 1A1ZF X138 5 13000 rpm, 4°C, 1587+ YA &-2] 3o
RNAS HAAZIT 70%9] A&E=Z AlHsta DEPC-DW
(Diethylpyrocarbonate-distilled water) 25 ul2 =%th. 260

mmol M FFEE Z431o] RNAS A #3192 MMLV RTase
9} RNase inhibitorS ©]-&3}e] cDNAZ 3$H4d3F &, STATS,
SOCS3, Actin primer$} cDNA 2 1lZ o]4-3t STAT3E 95°Col]
A 45%, 51°Col| 4] 452, 72°Col| A 4537k 23 cyclesC. 2 91733t
A3 SOCS3E= 95°Coll A 25%, 55°Col A 25%, 72°Coll A 2523t
27 cyclesZ /3t /3% STAT39 SOCS3+= 1% Agarose
geloll A A7) gEsto] gelstglet & AZ ol AR+ primer se-
quences (SOCS3; Forward-5-CTGCGGGCTGGCGAAGG
AAA, Reverse-5-GCTGGCTTGGTGCCCTCCAG, STATS;
Forward-5-GGAGCAGAGATGTGGGAATG, Reverse-5'-
CTTGGTGGTGGAGGAGAACT, Actin; Forward- 5'-GGCAT
CGTCACCAACTGGGAC, Reverse-5-CGATTTC CCGCT
CGGCCGTGG)S AH&-3t4ith.

Zda ¢ nF

A&l Caki MIZF0M actinomycin DO 28t STAT3
9| QlAtst X&

Actinomycin Dell 8] gt 4149kA| 2520 A STAT3S] {14k
g13}17] 98t Caki MlZF¢l actinomycin D& =49, AlIZF
WE Ae]tal STAT3S QIS E<1staitt. Actinomycin D
E FEHR 1,35 ng/mls 4 A7 5¢ A3 T Western
Blotting &2 STAT39] Tyr705% Ser7279] Q14+3}s <13}
At 1 A7 actinomycin DE FE=HE X S o, STAT3
o] Tyr7059] et fFEse A A3 thFig. 1A).
Actinomycin D& 5 pg/ml& AZPEE 1, 2, 4 AZE F<F A
3 3 Western Blotting©. & STAT39] Tyr7053} Ser7279] $14+
35 3918 A3, AP R STAT3 Tyr705 14k} &
e s FelstnhFig. 1B).

Actinomycin DOl 2/st STAT19| Qlatsl = 0{F

Actinomycin D7} STAT family % STAT19] 914+3}o] 1]
= 9GS A7) 93 actinomycin DE TEEE 1, 3,
5 ug/mlS 4 A7 B2t A2 $ F, Western Blotting 2.2 &1
3Tk IFN-7 € STAT1<] E4J3}o) st positive control 2
A8 E}. Actinomycin Dol 18] Tyr701 2719] Q14ks}7}
FEE A FEA T positive control$l IFN-7y o 2]t <l4ts}
= &9 3}tk STAT19] Ser7279] 1448l basal level ol A
A4S B9l 519 01 actinomycin D T Ao wE
Qs F7HE 9l & 7t fAdTh kAR IEN- 7y A2 Al
STAT19] Ser727 Z471¢] Q14ks} B=r} U S S74S €<
39 th(Fig. 2). IFN-7 & astrocyte Ao A A] STAT1%}
STAT39] <1432 fi= 3Ho}2]. whebr o] Ate] A acti-
nomycin Dol 2|3t STATS S14+8} =7} STAT3S] Tyr705
Z+7] BolH o2 FEH Al [FN-y 9 th& %Are] STAT Q14+
3 BFE HAFE
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Fig. 1. Actinomycin D induces STAT-3 (Tyr705) phosphorylation in Caki cells. (A) Caki cells were incubated with 1, 3, 5 pg/ml
actinomycin D for 4 hr. Cell Iysates (50 pg) were analyzed by SDS-PAGE and detected with specific antibodies, anti-p-STAT3
(Tyr705), anti-p-STAT3 (Ser727), and anti-STAT3 (total form). Equal protein loading was confirmed by ERK expression. (B)
Caki cells were incubated with actinomycin D (5 ug/ml) for 1, 2, 4 hr. Cell lysates (50 pg) were analyzed by SDS-PAGE
and detected with specific antibodies, anti-p-STAT3 (Tyr705), anti-p-STAT3 (Ser727), and anti-STAT3 (total form). Equal pro-

tein loading was confirmed by ERK expression.

4hr
-1 3 5 - ActD (ug/ml)
- - - -+ IFNy100IU
= ww | P-STATI(Tyr701)
Urerw P-STATI1(Ser727)
WA T W | STATI
- —— Ad ERK

Fig. 2. Actinomycin D has no effect on STAT-1 phosphorylation
in Caki cells. Caki cells were incubated with 1, 3, 5 ug/ml
actinomycin D or IFN-y (100 IU) for 4 hr. Cell lysates(50
ug) were analyzed by SDS-PAGE and detected with spe-
cific antibodies, anti-p-STAT1 (Tyr701), anti-p-STAT1
(Ser727), and anti-STAT1 (total form). Equal protein load-
ing was confirmed by ERK expression.

Actinomycin D Az2|0fl 2|8 STAT32| QlAkst ZHEMM
9] SOCS3, SHP-1, JAK29| z&#HM 0o{f

Actinomycin D A2 2 18] STAT39] Tyr7059] <14+3}7}
S7hE AS 1893, o] ¥ g actinomycin Dol 9§
QAitgl Aol o 01747} 44015}: 2 dolH 12} 3},
olde] Hid] JtH STAT3Y ¢l4tsle EAubeboba] <l
SOCS3, SHP-1¢l] 9js) =ddTty & oM, STATY
upstream kinaseQl JAK29| Q14tstel] o] af STAT3¢] 14+3}7}
ZA93 48A Q1] Actinomycin D& $E#Z 1, 3,
5 ng/ml& 4 AZF 52t A s F Western Blotting©. 2
SOCS39} SHP-19] HdAAH T 9} JAK29] Q14atalE 3918 Az}
SHP-19] &3} JAK29] Tyr10079] Q14tst A=ol= W3ls

el & 7t Sl s SolH o' S0Cs39] ol ac-
tinomycin D $=¥ 2 #adte RS FRA8HHthFig. 3A).
SOCs39] 'ﬂ TE A7F AAFEAIR] mRNA 2 J=E
RT-PCR WHo 2 &1d A3} SOCS32 mRNA TdAA =7}
PAZSAR 4% 3tel5H 9 th(Fig. 3B). SOCSE SOCS1-S0CS79]
oA 3L JAKSF Aste] Zujakg-2 AAlst7 sl cy-
tokine receptor®] tyrosine 7|9 14+EE A AIgHT18].
SOCs1# SOCS3°] dSHks 2 IFN-7 23 A9A 9] STAT1
7} STAT39] Q14kst #go] AA A< &S ghrH4]. STAT3
9] mRNA #&ol= actinomycin D7} o}F-8 J8-S 54 ¢
ATk 2F AR SOCS39] HAE Al o] 1 pg/ml actinomycin

FEAA oF7]1EE 218t AThFig. 3B). ©]< actinomycin
Dol &k 729 AALAA 7 SolH oz dojd3 A8}
of Fo

HAIAHAC! DRBOI 2/8t STAT32| Qlitst X& 0F

g2 AAIGAA Ag AldE actinomycin DS} 2]
STAT39] 143t 24& frEsheAE Est7] e AAY
AR DRB (5, 6-dichloro-1-b-D-ribofuranosyl benzimida-
zole)& A st 4dS FY8ATH7,10,18]. Caki HIEo
DRBE 5=(5-20 tIM)EZ 4 A7 B¢t A2 & AXE 5
3} Western Blotting .2 213t 753401] A% Fig. 4914 ac-
tinomycin Dol &8t STAT39] <libs} -3 fALSHA
STAT39] Tyr7059] <14tsl7l Z71stdtt. &kAvk SHP-13}
STAT3 @i d LM wgrt gle AS st
(Fig. 4). T3 SCOS3 @4 &) W3 o= actinomycin D7} fr
AVeHAl Ao F9skAdh ol Ade FHAS AL
AA A actinomycin D¢} DRBOY| &J3to] So] A<l #7249
AL 4o AA S Foto] MR & AE 75z Hd B
& & Stk 7he S AlAskel Fo g B v F71E<l
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A 4hr
- 1 3 5 Act D (ug/ml)
- — — — | socs3
R b AK2(Tyr1007)
Snnd® | sur
w= ww we e | ERK

4hr

- 1 3 5

Act D (ug/ml)

STAT3 (23cy)

SOCS3 (27cy)

Actin (17cy)

Fig. 3. Actinomycin D inhibits protein and mRNA expression of SOCS3. (A) Caki cells were incubated with 1, 3, 5 ug/ml actinomycin
D for 4 hr. Cell lysates (50 ug) were analyzed by SDS-PAGE and detected with specific antibodies, anti-SOCS3, anti-p-JAK2,
and anti-SHP-1. Equal protein loading was confirmed by ERK expression. (B) Caki cells were incubated with 1, 3, 5 ng/ml
actinomycin D for 4 hr. Total RNA was prepared and RT-PCR analysis was performed using STAT3- and SOCS3-specific
primer. Equal mRNA loading was confirmed by actin expression.

4hr
- 5 10 20 DRB@M)
—_— - .‘ P-STAT3 (Tyr705)
= o el STAT3
- e == e | SOCS3
SPSS &S | sur
S— ERK

Fig. 4. DRB induces STAT-3 (Tyr705) phosphorylation in Caki
cells. (A) Caki cells were incubated with 5, 10, 20 yM
DRB for 4 hr. Cell lysates (50 ug) were analyzed by
SDS-PAGE and detected with specific antibodies, an-
ti-p-STAT3  (Tyr705), anti-STAT3 (total form), an-
ti-50CS3, and anti-SHP-1. Equal protein loading was
confirmed by ERK expression.
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&4 3 tyrosine phosphatase$l SHP-1¢} STAT] upstream kinase
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