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Identifying the Anti-Cancer Effect of Indigo Naturalis in Small Cell
Lung Cancer Based on Network Pharmacological Analysis

Young Hoon Kim, Woo Jin Jeong, Gwang Hee Jeong, Youn Sook Kim!, Won Gun An*

School of Korean Medicine, Pusan National University,
1: Research Institute for Longevity and Well-Being, Pusan National University

Lung cancer is the leading cause of cancer-related deaths worldwide. Indigo Naturalis (IN) is a dark blue powder
obtained by processing leaves or stems of indigo plants, its anticancer effects have been reported in several studies.
However, the pharmacological mechanism of IN in small cell lung cancer (SCLC) is not elucidated. In this study, to
investigate the anticancer efficacy of IN for SCLC, we presented potential active ingredients, SCLC-related targets, and
pharmacological mechanisms of IN that are expected to have anticancer activity for SCLC using a network
pharmacological analysis. The phytochemical compounds of IN have been collected through TCMSP, SymMap, or HPLC
documents. The active ingredients of IN such as indirubin, indican, isatin, and tryptanthrin were selected through
ADME parameters or literature investigations for each compound. Using the Compounds, Disease-Target associations
Databases, 124 common targets of IN and SCLC were obtained. Gene Ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG) Pathway enrichment analysis was carried out. GO biological processes are associated with response to
xenobiotic stimulus, positive regulation of protein phosphorylation, regulation of mitotic cell cycle, and regulation of
apoptotic signaling pathway. KEGG disease pathways included Gastric cancer, Bladder cancer, SCLC, and Melanoma.
The main anticancer targets of the IN for SCLC were analyzed in 14 targets, including BCL2, MYC, and TP53. In
conclusion, the results of this study based on the network pharmacology of IN can provide important data for the
effective prevention and treatment of SCLC.
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g2 A AARCcz guidtalt & 7MY Wol ATEE & ub Ik, FAEo] et AH87|&o] WAl taxol, vincristine,

%= sholg, o A Ao g YQlo=z a4y A 9t 20204 camptothecin, podophyllotoxin S0] @3 7|7t gutA o2 ALL
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2 % AgAE AALJD. 2 FoMz gty Horo] of Y (Indigo Naturalis, IN) & 9 ®&= £7]8 71z, g8 ¢

15%E Aot 2N ZHY (Small cell lung cancer, SCLC) & 71Esto] A g8A RUEHN SO HHKIE F2 &8

8| AN 28 ¢ (Non-small cell lung cancer, NSCLC)o] d|3] &+ gu Qo AEXoz Yo HEARE MK, BAEE 5

H] ol whE FA, FEAS Ho] ¢, AU 59 EFZ B o] §50] oo, ot okt A widE o] IRERBE, Mt

of NSCLCO] wla} oPYEst 3 ol$7h BJshpd. SCLCY S8, MROLI, O, FERE. RS, NSURAR 3 22 sl Ay

WAl Ay setevoln, oE JhsE AEWezt WAM o StTh. A2 Ao A A9, ¥9. A4, FL w50l A

AE, 24, B4 A2, 99 0¥ Sol FA k. 2ot SCLC  Hglon, 53 Fo AE MY HMEEA N4 WY Ty

t 57] Aol ofdn AMao] Weh WA A ¥ 228 AAF  W@AY o Fog Az 42 529 v dk B 1T Ay
d7s
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o9, x7] #stay Soe ATEC] Fof o] FAA of T 59l 34 44 WEYol SFATRA (All-trans-retinoic
3 ORUAS Hol= ALrt b T ricta oto] Ay AMES acid) - RIF (Realgar-indigo naturalis formula) ¥§8Q%o] §
o] 5009 d Fi} "lwsto] SCLCO #7] BEEL A9 AR L 9 obdAo] BaFACPS. oo Fo Y HHoaL
ororctd. Al 309 7+ SCLCY RE2We IA WA g9ro, indirubin, tryptanthrino] €& tH®. Indirubin® tt4:9] A
ARl fE§ 2R XE¥o] glo] N2 Xajo] & a7 X 9 SEAFA JAK/STAT3, CDK AsHL H=2 52 A5t
gu g’ @A) SCLCY 59 WELL oF 7%0] st £ 71732 55l $5A, FEJIAY, FE 552 Adotn B
AAS L Uutxoz 49 33z xdste] AU &4 B gon, e A, ALY dBE 5 APIHGAS] HAG
7t Worn, olg Y& Al st A5adE YeEdodr g9A 9 Hozd aivh @ws] ApsEn Aok, Tryptanthrin E3H
. dAEe S35 Yut FAY Yt F2o] zLasto 7]1E9 g, FE5, FeE, FeA27], 43 A, T 85 5Ol
od 728 EHEOg S Y 4 glon, A8 HAZ9 E5F AA Aok, op e FUo gt &5 Buos BRstn
F2e ¢ A8 39 AU 4= UEE I35 & A+ 714 Ao ot &4 dud 3 g3l AR JsArgo] ojsgt
o] =i}, tojsto L Al A W SO 2 mFFH chofdt A3 A9 o]FolXl vt Qirt. YEYI o5t H|uF I
AYE R =57 Aol JAAZE AM8s] oy, 2T W2 AIA Lt &ws] A Qe #of2, o2lstA dlojEo] EYI
AFolA AASo digt F& &3t BHuEgo] gttt fEFoR 24 7|HE HEste] §F FEo] A &M BEFH A AH
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Y 4 oS 712 AAR, ISHeRE: o]F 8 BO a¥
Mol QhHgt ofg TS &2 ot Yok YEYI ¥
&gsto] 4 or29 71E aned ot flze XS 2o
agRoz AEY 4 Qlong, o 53] ggFt T/ & 4
o2 ojRojfl AAE, B FA9 a5 ¢ A§ J|1Fe s
+ o 5838 A4 Yol

2 doA: B YEYI oty #A4 ¥¥e &8t
o SCLCIl & &X4ol 7IdEH: F2 84 d&e oa d¥st
of, o]} #HY el TAN} A AEI]HE ste] SCLCY
Oﬂ‘”ﬂr 889 x2S Y3 MESAYBSA 7| xA RS AlFstuA}

R

1. Identification of Active compounds in IN

TCMSP (https://tcmsp-e.com/index.php), SymMap (http:
//www.symmap.org/) DatabasesE o]&sto] Fo LA 3
< Ao, #Y Y #A 28& Fusto —T“‘*
%7t 2Astgch. TCMSPL dtokro] A&, nd, %
Aol thet uek 7 olo] that AlA® ofe]ats
23], SymMap E¢ HE FOeta Agojsto] 27
YRS SARE WM o2 APsT Yo,

7t 3}3r29] o2 QA4 (Drug likeness, DL), 5 A (Lipin
ski's Rule of 5, RO5) & o8 ZhJ &4 % (GI absorption)E
o 5517] 98l SwissADME(http://www.swissadme.ch) Database
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Table 1. Active Compounds of Indigo Naturalis

2. Screening of Targets related to Active compounds in IN
and SCLC

UniProt (https://www.uniprot.org/), CTD (http://ctdbase.
org/) DatabasesE ©o|-&sto] ZF &7 v tigt EHlg &Hs}
don], olF Ao B grloz JAAsIAth. AT BN 27
st & gene IDX UniProt ID2 Wslsto ® &35ttt

3. Functional enrichment analysis for IN-SCLC Common
targets

SCLC9 Z% Elo] st Gene ontology (GO),
Encyclopedia of Genes and Genomes (KEGG) enrichment

Kyoto
for Annotation, Visualization and
(DAVID) 6.8 Gene Functional
(https://david.ncifcerf.gov/)@t  KEGG
website (https://www.genome.jp /kegg/)ollA A|385}9ict.

analysisg Database

Integrated  Discovery

Classification  Tool

4. PPI network construction and Screening of hub targets
Cytoscape 3.9.1, Search Tool for the Retrieval of

Interacting Genes (STRING) 11.5 DatabaseS %3l 3§ EtZl

st Protein-protein interaction (PPI) JEY 3 &S A5t

5. Identification of Core targets involving in SCLC pathway

KEGG Mapper (https://www.genome.jp/kegg/mapper/) &
0]-§3to] SCLC pathwayo] Z3d Jo &4 429 AN S
gHolstgict.

2

1. Active compounds in IN

Molecule name Structure Formula MW (g/mol) Gl absorption RO5
Anthranilic acid CsH/NO, 137.14 High Yes
—5 No;

beta-Sitosterol | ;‘I:'_ CasHso0 4147 Low 1 viola{tion
Betulin C3oHs00O 4427 Low No;

- 30T50%2 : 1 violation
Daucosterol ! C3sHgoO 576.8 Low No;

- - 351606 : 1 violation
Indican I T Cy4H;7NOg 295.29 High Yes
Indigo CmHmNzOz 262.26 High Yes
Indirubin T C16H10N2 0> 262.26 High Yes
Indole CgH7N 117.15 High Yes
Indole-3-aldehyde CoH/NO 145.16 High Yes
Indoxyl CgH/NO 133.15 High Yes
[satin CgHsNO, 14713 High Yes

|:j:

Isoindigotin Cy6H10N,0; 262.26 High Yes
Isolariciresinol Ca0H2405 360.4 High Yes
Isorhamnetin N Ci6H1207 316.26 High Yes
Lariciresinol Ca0H2405 360.4 High Yes
Tryptanthrin Cy5HgN, 0, 24824 High Yes
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TCMSP, SymMap 2 o]&sto] Fo 14 3¢=E 6952 & PO5181 Cytochrome P450 2E1 CYP2ET
H3lgon, AMoj2X “Indigo Naturalis”, “Qing Dai"2 A}&3} P08684 Cytochrome P450 3A4 CYP3A4
o 2 as%Mo 2 os 2 e o Q02127 Dihydroorotate dehydrogenase DHODH
ict. @l HPLC &3 < Fust Fd 13 AFE 6352 Q01094 Transcription factor E2F1 E2F1
T B2 Futstgon, FELAY LxAS s L Q= P00533 Epidermal growth factor receptor EGFR
slsr2e Aolsto] AT 1A 32 10852 A= MASIAC} Q13541 Eukaryotic translatlo;rcl)r;gilstlﬁn factor 4E-binding EIFAEBP
A" A sHHE9 F£x A2 Pubchem (https://www.ncb Q99814  Endothelial PAS domain-containing protein 1 EPAS1
i.nlm.nih.gov), Open Babel (http://openbabel.org) o4 cano P17948 Vascular Tndothelial gt:owth fac;or receptor 1 FLT1
_ N Q04609 Glutamate carboxypeptidase I FOLH1
i ol o i I 5l- Bj
nical SMILESZ H#E 9]0}, SwissADMEC|A A|33h= Bioava P23415 Glycine receptor subunit alpha-1 GLRA1
ilability Radar Plot2 &3] DL 7|52 U&EsH= 37[9 &4 AHE P09211 Glutathione S-transferase P GSTP1
(Indican, Isolariciresinol, Lariciresinol) 2 A@#3}gict.  0]Q]o Q16665 Hypoxia-inducible factor 1 alpha HIF1A
ol o miEslxlL @alolo B oFa] B1A] A P07900 Heat shock protein HSP 90-alpha HSP90AA1
9 71Es WESAE Zetdou, A o= &gol vluy 2 P05362 Intercellular adhesion molecule 1 ICAM1
243 Al Indirubin, Tryptanthrin, Isatin £9] 33tE 1352 A P01579 Interferon gamma IFNG
s 1= P08833 Insulin-like growth factor-binding protein 1 IGFBP1
o A Yo zdtstdcHTable 1). 9 9 p
o E3 gRol BESAH ) P6068 Interleukin-2 12
P05231 Interleukin-6 IL6
2. Targets related to Active compounds in IN P05556 Integrin beta-1 ITGB1
Ho &4 Aol BAY Ele xAH7] 98] UniProt P05107 Integrin beta-2 ITGB2
© o ool omee r= ] ’ 060341 Lysine-specific histone demethylase 1 KDM1A
CTDE ol&siqod, Ao & g7l 262715 EHsU P35968 Vascular endothelial growth factor receptor 2 KDR
QOUEF7 Klotho KL
P17931 Galectin-3 LGALS3
3. IN related Targets for SCLC treatment P28482 Mitogen-activated protein kinase 1 MAPK1
DisGeNET, GeneCards, CTDE &3 SCLC #d EZE 7 P27361 Mitogen-activated protein kinase 3 MAPK3
8857, 18,2957], 14,2327] 27A3tgion], o]3 DisGeNET, P45983 Mitogen-activated protein kinase 8 MAPK8
P45984 Mitogen-activated protein kinase 9 MAPK9
AP0 @ AR I} 7
GeneCards, CTDOJA] &&zog 439 SCLC #H §Zl 786709 P08581 Hepatocyte growth factor receptor MET
A & g2l 262719 wATES BAs o, o] 55 et P46013 Proliferation marker protein Ki-67 MKI67
SCLCO ZE E}7loz Bl 124702 MAsFYTHTable 2). P08253 72 kDa type IV collagenase MMP2
P05164 Myeloperoxidase MPO
P43246 DNA mismatch repair protein Msh2 MSH2
Table 2. Targets Related to SCLC and Active Compounds of Indigo P42345 Serine/threonine-protein kinase mTOR MTOR
Naturalis P01106 Myc proto-oncogene protein MYC
UniProt ID Target Gene name P04198 N-myc proto-oncogene protein MYCN
P08183 ATP-dependent translocase ABCB1 ABCB1 Q16236 Nuclear factor erythroid 2-related factor 2 NFE2L2
P33527 Multidrug resistance-associated protein 1 ABCC1 P0O1160 Natriuretic peptides A NPPA
015439 ATP-binding cassette sub-family C member 4 ABCC4 P15559 NAD(P)H dehydrogenase [quinone] 1 NQO1
QIUNQO  ATP-binding cassette sub-family G member 2 ABCG2 P55055 Oxysterols receptor LXR-beta NRTH2
P12821 Angiotensin-converting enzyme ACE P04150 Glucocorticoid receptor NR3C1
P22303 Acetylcholinesterase ACHE P09874 Poly [ADP-ribose] polymerase 1 PARP1
P00813 Adenosine deaminase ADA P16234 Platelet-derived growth factor receptor alpha PDGFRA
P35869 Ary| hydrocarbon receptor AHR P27986 PI3-kinase p85—a|pha subunit PIK3R1
P15121 Aldo-keto reductase family 1 member B1 AKR1B1 P00749 Urokinase-type plasminogen activator PLAU
Q04828 Aldo-keto reductase family 1 member C1 AKR1C1 P27169 Serum paraoxonase/arylesterase 1 PON1
P31749 RAC-alpha serine/threonine-protein kinase AKT1 P62937 Peptidyl-prolyl cis-trans isomerase A PPIA
P02768 Albumin ALB P17252 Protein kinase C alpha PRKCA
P00352 Aldehyde dehydrogenase 1A1 ALDH1A1 Q05655 Protein kinase C delta PRKCD
P04083 Annexin A1 ANXAT1 P23219 Prostaglandin G/H synthase 1 PTGS1
P02647 Apolipoprotein A-l APOA1 P35354 Prostaglandin G/H synthase 2 PTGS2
P05067 Beta amyloid A4 protein APP QO6124 Tyrosine-protein phosphatase non-receptor type PTPN11
P10275 Androgen receptor AR o 11
P05089 Arginase-1 ARG1 P10826 .Ret|n0|c acid receptor beta . RARB
P30530 Tyrosine-protein kinase receptor UFO AXL P06400 Retlnoblastoma.\—assoaat.ed Proteln RBI
Qo7812 Apoptosis regulator BAX BAX po7949  Proto-oncogene tyroste(;tprotem kinase receptor RET
P10415 Apopt05|s. regulato.r Bel-2 BCL2 PODJIB Serum amyloid A-1 protein SAA1
Q07817 Bcl-2-like protein 1 BCL2L1 . ) S
. . . P05121 Plasminogen activator inhibitor 1 SERPINE1
015392 Baculoviral IAP repeat-containing protein 5 BIRC5 ; .
. ) o Q15465 Sonic hedgehog protein SHH
P15056 Serine/threonine-protein kinase B-raf BRAF . .
o . P23975 Norepinephrine transporter SLC6A2
P38398 Breast cancer type 1 susceptibility protein BRCA1 .
) P37840 Alpha-synuclein SNCA
Q16790 Carbonic anhydrase 9 CA9 ’ S
e P12931 Proto-oncogene tyrosine-protein kinase Src SRC
P01258 Calcitonin CALCA ;
. P61278 Somatostatin SST
PODP23 Calmodulin-1 CALM1 . . L
. . . P40763  Signal transducer and activator of transcription 3 STAT3
P07384 Calpain-1 catalytic subunit CAPN1 A S
P43405 Tyrosine-protein kinase SYK SYK
P42574 Caspase-3 CASP3 .
014746 Telomerase reverse transcriptase TERT
P55210 Caspase-7 CASP7 . .
P01137 Transforming growth factor beta-1 proprotein TGFB1
Q14790 Caspase-8 CASP8 ;
P01375 Tumor necrosis factor TNF
P16152 Carbonyl reductase [NADPH] 1 CBR1 .
. . P11387 DNA topoisomerase 1 TOP1
P13500 C-C motif chemokine 2 CCLz2 ;
" . P11388 DNA topoisomerase 2-alpha TOP2A
P24385 G1/S-specific cyclin-D1 CCND1 .
. P04637 Cellular tumor antigen p53 TP53
P30304 M-phase inducer phosphatase 1 CDC25A L .
. QI9UBT2 SUMO-activating enzyme subunit 2 UBA2
P12830 Cadherin-1 CDH1
. P22309 UDP-glucuronosyltransferase 1A1 UGT1A1
P19022 Cadherin-2 CDH2 ;
. ) P15692 Vascular endothelial growth factor A VEGFA
P24941 Cyclin-dependent kinase 2 CcDK2 . L
. ) P30291 Wee1-like protein kinase WEE1
P11802 Cyclin-dependent kinase 4 CDK4 P67809 V-box-binding protein 1 VBX1
P38936 Cyclin-dependent kinase inhibitor 1 CDKN1A d0
P46527 Cyclin-dependent kinase inhibitor 1B CDKN1B ) )
014757 Serine/threonine-protein kinase Chk1 CHEK1 4. GO and KEGG pathway enrichment analysis
P35222 Catenin beta-1 CTNNB1 22 E}7] 1247]7} Holste 29 AEsHA Azl AY 7|A
P10145 Interleukin-8 CXCL8 o EMAIE] - . . o
o 7] © E h t 1 2 A|3B5tYct B4 Adl
P25024 C-X-C chemokine receptor type 1 CXCR1 = ©Asl7] #ldl Enrichment analysisS Al¥stelt. 24 2t
P04798 Cytochrome P450 1A1 CYP1AT Cellular components (CC) ofA] 987§, Molecular functions
P11509 Cytochrome P450 2A6 CYP2A6 (MF) ol 1517}, Biological processes (BP) ©lA] 1,7537],
P10635 Cytochrome P450 2D6 CYP2D6

KEGG pathwaysolAl 19079] A& 52 AAct. {940 o
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GO 9] 1071, KEGG pathways At¢] 20719 &4 AaE T AlsH
St tHFig. 1).

CColl= “membrane raft”, “vesicle lumen”, “transcription
regulator complex”, MFO]= “kinase binding”, “protein
kinase activity”, “heat shock protein binding”, “protein
tyrosine kinase activity”, “transcription factor binding”,
“MAP kinase activity” 5So] zdE|9jon, BPo= F=2
“response to xenobiotic stimulus”, “positive regulation of
protein phosphorylation”, “regulation of mitotic cell cycle”,
“regulation of apoptotic signaling pathway” So| @3 ZH=z =
z3te)oict, KEGG pathwaysol= “Pathways in cancer’,
“Bladder cancer”,

“Gastric cancer’, “Small cell lung

cancer”, “Melanoma” So| Z3tg]Qict.
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Fig. 1. Enrichment Analysis of GO and KEGG Pathway for 124 Common
Targets. (A) GO enrichment analysis. (B) KEGG enrichment analysis.

5. Construction of C-T-BP Network

Cytoscape 3.9.1% o]&35}c], Fo &4 HE¥ 165, &5 &
2 12470, process ¢ 207[o] gt
Compound-Target-Biological process (C-T-BP) JEY3IE
3 3t HFig. 2).

Biological

Fig. 2. C-T-BP Network. Active compound; Azure triangle with 16 nodes,
Target; Pink circle with 124 nodes, Biological process; light green rhombus
with 20 nodes.

6. PPI network construction and Screening of hub targets
and protein modules

STRING DatabaseE ©]&3}o] PPI UEY3IE A5t
TP53, CDKNI1A, CDK4, CDK2, CCNDI1, RB1, CDKNI1B, E2F1,
SRC, MAPK3 59| A4Edzgo] 22 34 B3 20718 9
3t cHFig. 3).

I,;:Efltl:i\lg
g0t

Fig. 3. PPl Network of 124 Common Targets. PPl network of IN-SCLC
common targets: each node size is proportional to the degree and
arranged in a circular shape from the inside according to the size, Total
network was constructed with 124 nodes and 478 edges (confidence
cutoff = 0.9).

7. Identification of IN-SCLC Core targets involving in SCLC
pathway

siu el7l A9l 20748 SCLCo) chat Roh 24 el A
Bjloz Mysto] A Efzlo] Wojste SCLC MsAY H2g
solst7] 93l KEGG MapperS o]£35t9ion, AKT1, BCL2,
CASP3, CCNDI1, CDK2, CDK4, CDKN1A, CDKNIB, E2F1,
ITGB1, MYC, PIK3R1, RB1, TP530] &3 QA2 EANEQct
(Table 3).

Table 3. Active Compounds in Indigo Naturalis by Core Targets
Involving in SCLC Pathway

Active compounds Core targets involving in SCLC pathway

beta-Sitosterol AKT1, BCL2, CASP3

Betulin AKT1, BCL2, CASP3, MYC
Indican CASP3, CDKN1A
Indirubin BCL2, CASP3, CDK2, CDKN1B, E2F1, ITGB1, MYC, RB1
Indole CASP3, CDK2, ITGB1
Isatin CASP3, CDK2, CDKNT1A, ITGB1, TP53

CASP3, CDK2
AKT1, BCL2, CASP3, CCND1, PIK3R1
CDK2, CDK4, CCND1, TP53

Isolariciresinol
Isorhamnetin
Tryptanthrin

a7

2 AP TCMSP, SymMap, SwissADME, STP, SEA,
UniProt, DisGeNet 5 312 WRE Y2YHA ololejso] At
QA YEAT ofejsty ¥ PHS BEISCLCA Fod
P 2wt Jldse Ao 2y 4L, B 3 2 J1Re
st

o o

M ¥
%

Zat, BA &4 4& 1650 AEEgley, B &4
B3 SCLC EMlL Betulin 367, Isorhamnetin 317,
Indirubin 297} So] A2 WAL (Fig. 2). Fh EHzlo] B
ofstt BPol: F2 271%0] OfF WS, WA Jaet ¢y =
A ANE BE57 &4, AEAE HEHT P2 54 5ol X
gEdod, KEGGI+ AL, EY, a2MzHd, SAF Fo] =
gelgich. M4l B7lo] A P2 KEGG Mappers £l £Als)
9o, beta-sitosterol, betulin, indican, indirubin, indole,

ol ol

isatin, isolariciresinol, isorhamnetin, tryptanthrin o] SCLC
ol digt e &Y dEoz FAHUM.

Ao & ggxl x| s Lo 2L indirubin, indigo’} &=
Mol a7fEo] AcH?. Indirubin® tjn Al (Indigo plant)z}
A8 24 A= indole alkaloid®, Chgdh QZF oF A=
FolN FL FEe UEHed, A5, WY 2E, FiE &
E3 Bugo] Aot Ax|, P g 27| Ho] WA 9
o, E3] indirubin® ut H/ASIo] JAK/STAT3, Wnt/B
-Catenin A3XY H 29| & 2450, CDK29 AsfiA|= &
A AT Isating W AZolA LAHE indole HE
Az 9, o, 282 2% gt & Ax9 4ge AAs=
Aoz A=A drt. B, o] compound: FE27], FYate
of, JHtolgA, F &It Fo] Jouv, CASP3Z st
CDK29} CDKN1AE AA|gozi AEAIEZE 4= £ o
B QP23 E35], Tryptanthring Indigo2 235t 140
A XS @AY indoloquinazoline alkaloid2, o]% & ¥ ot
gt AZoAN Rel=dnt. £8, o] compound: T, FXL, T
A% 9 J7|AE A, COX2, 5LOX, NO €484 U PGE2 &
d oA, NzEY € FY 550 Bugo] Yot

KEGG MapperE &3] SCLC XlsAgd ZH=zo =mst=l HO
A EfZl2  AKT1, BCL2, CASP3, CCND1, CDK2, CDK4,
CDKN1A, CDKN1B, E2F1, ITGB1, MYC, PIK3R1, RB1, TP53=&
AT #AE Bl 5 SCLCoIA I e+ o L »A
QA2 bel-2, c-myc7t LA Q. Bel-2= SCLCES =zt
2 359 goA PR FAEANE A2, ato] e
AN 27} BEF J7H57d0] & Bel-2= DEZEZ|o 9 Fat
42 ZA-clqd ARAEE ZHoketl, UEZEoi2RH
cytochrome c¢9 W& HWA|SIAUAPAFlo] ZFstozy
caspase /42 AAst0], C-myct AMEF7] X3Pt 2L Y
Holote FAAY HHEE YFREFCZH MmO it 54

% 2 g2
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HA §tA] Oblimersen, Obatoclaxo] & €59l
0, C-mycg ©¥ HZlog st &8 A= FA7HA] NEE
A 2SAHSH. FANTMAQIP53S MEx7] L NEAES X
Aste HAL QA&tolch). Awk ool o FALJAA p53 Wol7t
WHED, §35] SCLC §At9] oF 80% o|doA #=2 p539 7%
22X (loss-of-function) o] W RE Q4 ot olxje} it p53
AsRAG Z29 79 5} QAR P212 CDKY &4& Aot
CDK AgiAl2 o 7142 Qislsty Nzx7] 7P Y=t
A Aok P21 p53o] SHAQ H2E FiME SEd
2 e, & S° Peng H 59 AFTo|A &= pb3o] &AH gt
A E44 N8y AZZF K562 AEZFO|A indirubin SEA7}
time-dose-dependents}A p21S AH3F xAsIYOon, AA|xZ9]
4ol AU, ol TR p53 JAALY] 7|5 &G JHA]
SCLCO|A] indirubino] p219] p53-independents}?] %88+
AZ Aoz AiFitt o§ 50|, indirubin p21Z F¥ZAE
o, & N2 CDK2 &44Z AAlste] RB QAEtE AaiE
9o, ol= GI-S transitionoA] NEF7]E X}dste] SCLC Al
ZAIER o]ojA £ Ut} (Fig. 4).
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