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Screening of natural small molecule IDO-1 inhibitors
with anti-tumor role
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Abstract: Fragments of the human indoleamine 2,3-dioxygenase 1 (IDO1) gene 5-UTR (untranslated 1 245
bp region) promoters were amplified by PCR and cloned into pGL4.20 vector in the construction of reporter
vector pGL4-IDO1-luc. A549 cells were transfected with the constructed plasmid and IDOL inhibitor screening
model was established with dual-luciferase reporter assay. Based on the model, we screened natural small
molecules which could down-regulate the expression of IDO1 on tumor cells. The anti-tumor activities were
examined by MTT, Western blotting and lactic dehydrogenase (LDH) release assays. Toosendanin (NS-180)
down regulated the IDO1 expression and inhibited IFN-y-induced STAT1 and STAT3 phosphorylation in A549
cells. Moreover, NS-180 significantly increased the cytotoxicity of co-cultured NK cells on A549 cellsin LDH
release assays. In summary, NS-180 is a novel and potent IDO1 inhibitor, which has an antitumor activity for
cancer immunotherapies.
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Figure 1 Amplification of IDO1-promotor region gene frag-
ments by PCR.  M: 2 kb plus marker; 1. IDO1-promotor 1 245
bp. IDO1: Indoleamine 2, 3-dioxygenase 1
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Figure2 Kpn | and Hind Il double digestion result of recom-
binant plasmid pGL4-1DO1-luc and pGL4.20-basic. M: 2 kb
plus marker; 1: pGL4-IDO1-luc doubled digested by Kpn I+Hind
I11; 2: pGL4.20 basic double digested by Kpn I+Hind 111

(interferon stimulation reaction element 1/2, ISRE-1/2) .
TIME y BG4 1/2 (gamma activation sequences
1/2, GAS1/2) FhEsgser45& K1 UT g1
(lymphoid enhancer-bind factor 1/T cell factor, LEF-1/
TCF) XA HRH T4 (K 4), 53kl
gﬁz[l?»]o
4 FYARRKL pGL4-I1DO1-luc HIGEMEE

M VigoFect e e ixk 714 ¥ 2 47 (1) =6 20 Joi ki
PGL4-1DO1-luc. 75 %} ] i ki pGL4.20 basic P 2

-1236 gattcccaaagtattagectcatgaatcatgtagtcataagaaacacagtcatigtatt

-1177 cietttgetglataattitggtttcagtittecttacatitcctattcaaggaacatttectg
IRSE-1 GAS-1 GAS-2
-1113 taaaatgacaggttgaagaaaacagccataatitagtagagaatagegegaga.........

-483 titccgggctgctgaaacatgaca ggaagectaaaagg
LEF-1/TCF
-424 aagccaalgagaaalaaclaaalgagagiitaggacigeagecticaltttcattcaaaga
LEF-1/TCF

-363 tttaaaagiiiccalaaagiaaaatgiicticiccggecaccigiiticatagitcigig........

-157 aaacaaagaaaciagaaaatgaaaccaliccaaaagiggaagiaatlicicact..........
ISRE-2
-30 tgagggpcaccagaggagcagactacaagaatggcacac
1+l

Figure4 Nucleotide sequence of the promoter region of human
IDO1 gene. Nucleotides ranging from —1 236 upstream to 9
downstream of the translation initiation site (ATG) are shown.
Transcription factor ISRE, GAS and LEF-1/TCF binding sites are
underlined and named below the sequence. GAS: Gamma acti-
vation sequences; |SRE: Interferon stimulation reaction element;
LEF-1/TCF: Lymphoid enhancer-bind factor /T cell factor

80 30 100 110

Figure3 Sequencesanalysis of the IDO1 gene 5-UTR promoter
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Figure5 Functiona analyses of IDO1 promoter in A549 cells.
IDO1 promoter construct (pGL4-IDO1-luc) and renilla control
vector (pRL-TK) were transiently transfected into A549 cells.
The luciferase activities were measured in basal conditions, or
after stimulation by IFN-y (5 ng'mL™"). Results are expressed
as relative firefly luciferase units normalized to renilla luciferase.
n=3, x+s.  P<0.001 vsthe pGL4.20 basic group
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RIMAEY .. SRR, EY NS101. NS-122,
NS-123. NS-126. NS-137. NS-159. NS-180. NS-195.
NS-197. NS-198. NS-203 fll NS-212 %% 12 f b &4
RE 1 1IDOL 5 3 ¥ 2Ot =B YE (K] 6A, B).
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6 NS-180 #li#l IFN-y i5S#9 IDO1 FIAFA STAT1,
STAT 3 HUREER 1t
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Figure6 Screening of natural small molecule IDO-1 inhibitors.
(A, B) A549 cells were transiently transfected with pGL4.20
basic or pGL4-1DO1-luc reporter construct and the pRL-TK as
an internal control, followed by pretreatment with 10 pmol-L™*
of different natural small (NS) molecules or DMSO as control
for 2 h. After stimulation by IFN-y (5 ng-mL™?), the level of
Iuciferase activities were determined as described. n=3, X+s.
"P<0.01, ""P<0.001 vs the DMSO group

150+
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Cell viability / %
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o
R R S ]
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Figure7 Effects of different compounds on A549 cell viability.
A549 cells were treated with 10 pmol-L ™" of different NS mole-
cules for 48 h, and cell toxicity was measured by MTT assay.
Control cells were treated with 0.5% (v/v) DMSO. n=3, X=s.
"P<0.05, "P<0.01, ""P<0.001 vs the DM SO group

B IFN-y AT 53 AB49 4hiffiiHh IDO1L 15 3k I H A
A I (R Rg 1 A0 ) AR v (] 8B, C). 7E AB49 4l
forb, Ml R R EE A NS-180 Ab#E 2 h )&, TN
5 ng-mL™* IFN-y il 24 h, Western blotting 4 i
KIL NS-180 ml#li#l IFN-y %S IDO1 #ik (K
8D). MFFtR M, H¥iEE ¥ (signal transducer and
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Figure 8 NS-180 down-regulates the IFN-y-induced expression
of IDO1 and inhibits STATL/STAT3 phosphorylation. The
chemical structure of NS-180 (A). A549 cells were treated with
IFN-y (5 ng'mL™) for the indicated times (B), or treated with
different concentrations of IFN-y for 24 h (C), the IDO1 expres-
sion level was detected by Western blotting.  -Actin or tubulin
served as the loading control.  A549 cells were pre-treated with
various concentrations of NS-180 for 2 h, followed by IFN-y
(5 ng'mL™Y) treatment for 24 h (D). The phosphorylation of
STAT1 and STAT3 and expression level of IDO1 were measured
by Western blotting using corresponding antibodies. Tubulin
served as the |oading control

activator of transcription, STAT) 1] £ #% 3 K - i £
IDO1 L2, Sy THESE NS-180 2 75 i i 5 i
STAT ¥ M 7E #4 3K F-#0H] 1IFN-y 5 51 IDOL 3Rk,
AWFFHT T NS-180 X IFN-y 55/ STAT1 Al
STAT3 B2 fL 52 . Western blotting 45 5 3 1,
NS-180 ft & & M| STAT1. STAT3 [IBEER1L, 40
# IFN-y % 51 IDO1 (€L (K 8D).
7 NS-180 ATE38 NK ZHREXT A549 4HRERY R A1ER
HRAE SCHRY THRGE, R 4 R IA 1 1DOL
AT NK S 38 58 HR2m NK 20 9 52 20
fit. ARV NS-180 il itgg 4t ffd h 1DO1 K3k J 1)
AR, BLIDOL #IHIF 1-MT 1R BH 1
I LDH B, AR AN EEAT NK 2 F1 AS49 4 i
LR R enG . 45 RERM, SXTHRAAELL, NS-180 1]
H5E NK 4H X AS49 4 A fEH (B 9), Hak
REMRT 1-MT,

*k

Specific lysis / %

T T
DMSO 10 20 1-MT
NS-180/ pmol-L*

Figure 9 NS-180 enhances the specific lysis of NK cells to
A549 cells. A549 cells were pre-treated with the indicated
compounds for 2 h, followed by IFN-y (5 ng-mL™?) treatment for
24 h. Cells were washed and NK cells were co-cultured with
A549 cells at 10:1 in RPMI 1640 plus 10% FBS for 16 h. The
specific lysis of NK cells to A549 cells was determined by lactic
dehydrogenase (LDH) releasing assay. 1-Methyl-tryptophan
(1-MT) was used as the positive control. n=3, X+s. ~P<
0.01, ""P<0.001 vs the DM SO group
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