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ABSTRACT

TW9183 is a new compound synthesized in our labgrahat has been entered preclinical trials in Gifor
developing it into a new anticarcinogenic medicilmethis study, we aimed to investigate the antitueffects of the
compound on A549 and SMMC-7721 cells. We foundhleat\Ww9183 showed better proliferation-inhibiteffects
on SMMC-7721 tumor cells (IC50 = 1.586 umol/l) thaB49 cells with time and dose dependent. TW9183 al
inhibited colony formation (7.06% at 2 umol/l and@2% at 8 pumol/l respectively) and cell migrationA549 and
SMMC-7721 cell lines. TW9183 induced G2/M arresA549 cells and SMMC-7721 cells. The study indatétat
TW9183 may have potent antitumor effects on humamdnd hepatitis cancers.
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INTRODUTION

Malignant tumor is a serious threat to human lidgety and quality of life Direct and indirect involvement of
protein kinases in tumor growth, metastasis andpss make them the most promising targets foatitng
cancer[1]. Small molecular targeted kinase inhiisitovith high antitumor activity and low side effecare
developing rapidly in these years, which are prargigor patients that can not be cured by tradalarhemotherapy.
Intensive researches in the field of tyrosine kinawgbitors have led to the development of enormaasve
compounds, including Geftinib (ZD1839, Iressa®) §id Lapatinib (Tykerb®)[3] approved by the U.SoBand
Drug Administration (FDA). These medicines are datives of quinazoline that exert their antitumdfieets by
competing with ATP for binding to catalytic domash EGFR tyrosine kinase, to inhibit PKC, Ras/Raffi&nd
PI3K/Akt signaling pathways for inhibition of prédration, differentiation and angiogenesis of turnsefis[4-7].
Because of the complexity of the pathogenesis mbtyukinase inhibitors only show clinical effects limited type
of tumors [8]. The small molecule drug TW9183 i mf derivatives of quinazoline, enzymology expenms in
vitro have indicated that its inhibitory rates fonases including VEGFR2, PDGFAurora-B are more than 80% in
human lung cancer and liver cancer xenograft md@gl$n the present study, we evaluated the amiitueffects of
TW9183in vitro using A549 and SMMC-7721 cell lines. The studyvites experimental evidence for clinical
treatment of lung and liver cancer with the compbun

EXPERIMENTAL SECTION
Chemicalsand Cell culture
TW9183 (batch number: 20100610, purity: 99.2%),i@wh, MTT. HUVEC, A549 and SMMC-7721 cells were
grown in RPMI-1640 supplemented with 10% calf ser@@0 units/ml penicillin and 100g/ml streptomycin, in a
humidified incubator at 37 °C and 5% CO2.

Cytotoxicity assay and Colony formation assays
Cell viability was measured by MTT assay [10]. €ellere seeded in 96-well plates and exposed t@uari
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concentrations with TW9183(0.5+8nol/L) for 24, 48 and 72 h. After incubation withWR183, MTT solution was
added. Plates were further incubated at 37 °C for Bhe metabolite of MTT dissolved in DMSO wereaqtified
by spectrometer at 570nm. Cell were plated intoefi-tissue culture plates at a density of 300 be#f in
complete medium [11]. 24 h after seeding, varicuscentrations of TW9183 was added .The medium Wwasged
48 h after plating, and further incubated for2 weeks in complete medium. Cells were stained @@yl crystal
violet staining solution and colonies >0.05 mm weovented by Image Pro Plus 6.2. Colony formatiditiehcy.

In vitro wounding (scratch) assay

Cells were plated into 24-well plates (1x105 ceifsomplete medium and grew for 24 h to obtainoafluent
monolayer, the monolayer was scraped in a stréiighto create a “wound (scratch)”. The debris wermoved and
the edge of the wound (scratch) was made smoothwvdshing the cells twice with 1 ml PBS [12].Various
concentrations of TW9183 was added. The distanteda® one sides of the scratch to the other sidermeasured
under a TE-2000U inverted fluorescence microscdpe. distance between the edges was measured 48r hef

treatments.

Viability measurement of A549 and SMMC-7721 cancer cells by Hoechst 33342

Cells were treated with various concentrations WBf91.83 , the medium was removed 48 h after incubatells
were fixed with 10Qu of 4% paraformaldehyde each well, washed twicth \WBS, and stained with 80 Hoechst
33342 for 10 min at room temperature, removed thmisg solution, washed with PBS twice, observedar a
fluorescence microscopy [13-14].

Cell cycle distribution measurement by flow cytometry
Cell were plated into 6-well plates( 2x105 cellsjl @&xposed to various concentrations of TW9183adated for 48

h after incubation, cells were collected, washed iacubated in 70% ice-cold ethanol, kept at 4 %€roight for
fixation. Cells were centrifuged (4 °C, 1000 g, :)nand then incubated with 0.5 ml PI solution aeimihg RNase
A provided in the Cell cycle and apoptosis analydisat 37 °C for 30 min in the dark[15]. Cell cgctlistribution
was measured by flow cytometry (BD).

Satigtical Analysis
Statistical analysis was performed with SPSS17dxsuRs are presented as the average + standaratideviSD)

from at least two in-dependent experiments. A p@déss than 0.05 is considered to be statistisadlyificant.
RESULTS AND DISCUSSION

Inhibitory effects of TW9183 on proliferation of A549 and SMMC-7721 tumor cell lines

To define the inhibition of proliferation, MTT agswas performed. As a result, there was no sigifieffect for

HUVEC after TW9183 treatmentFig.1-a) , but TW9183 could inhibit proliferation for bothamcer cell lines
(Fig.1-b,0), and there was significant differences comparet thie negative controP<0.00D. TW9183 reduced

cell proliferation in a dose and time-dependent meanBetween the two cell lines, TW9183 showed hibtter

inhibition effects on SMMC-7721 cells with the IC5Q.586umol/l for 72h Table-1).

Table 1 Cytotoxicity of TW9183 against A549 and SMN-7721 cell lines

cell line TW9183 IC50 (umol/L) Gefitinib IC50 (tmol/L)
24 h 48 h 72 h 72h
A549 19.116] 11.313 6.182 20.458
SMMC-7721| 9.891 5.949| 1.58p 15.741
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Fig 1. The growth-inhibitory effects of TW9183 on HUVEC . A549 and SMMC-7721 cell lines. The proliferation sttus of a: HUVEC were
measured by MTT assay after treatment with TW9183dr 72h, b:A549 cells, c: SMMC-7721 cells after tredanent for 24, 48, 72 hours,
and normalized by NC( negative control). RGR: Relave growth ratio. n = 3.*P < 0.05, ***P < 0.001 v&\C group

I nhibitory effects of TW9183 on colony formation of A549 and SMMC-7721 cell lines

Colonyformation ability of cancer cells reflects colongpéndence and proliferation, it's an importantdador the
formation of solid tumorén vivo. Colony formation ability of both of the cell linekecreased in a dose-dependent
manner after treated with TW9183, showing more réaige effect than MTT assdlrig.2-b). In the case of A549,
colony formation rates were only 7.06% for theuRol/L TW9183 treatment, and colonies formation warely
observed for §imol/L and 16umol/L TW9183 treatmentd~{g.2-3).
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Fig 2. Effects of TW9183 on colony formation of A58 and SMMC-7721 cell lines. (A) 0.0, (B) 0.5, (C)@ (D) 8.0, (E) 16.qumol/L
TW9183, and (F) 16.umol/L gefitinib, respectively treated for 48 hours(a). Rep[resentative figure showing the effects dw9183. (b).
Semiquantification of the effect of TW9183. (1) Neive control . (2) 0.5, (3) 2.0, (4) 8.0, (5) 1gu®ol-L-1TW9183, and (6) 16.@umol/L

gefitinib. n = 3, *P<0.05 **P<0.01, ***P <0.001 vs NC group
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Effects of TW9183 on migration

Tumor cell migration is a critical factor in therfoation of solid tumors and is necessary for tepiead to distant
organs. As shown iRig.3-b, in the case of A549, the size of the wound (stiabefore treatment was 566.19+9.55
um, which was decreased to 195.05+15.3747.44+22.49 323.96+21.46 347.24+13.07 452.91+20.93 and
99.43£15.19m for 0.5, 2.0, 8.0, 16.Qumol-L-1 TW9183, 16.@umol- L-1 gefitinib and negative control treatment.
As shown inFig.3-¢ for SMMC-7721 cells, the size of the wound (schatprior to treatment was 496.02+12.85
um, which was decreased to 350.75+24.6896.78+15.94 383.79+33.06 421.54+38.25 455.56+14.45 and
250.36%19.52um for 0.5, 2.0, 8.0. 16.umol/L TW9183, 16.Qumol/L gefitinib and the negative control respedtyve

48 h after the treatments, indicating inhibitionmoigration of A549 and SMMC-7721 cell lines, espdygi A549
cells.
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Fig 3. Effects of TW9183 migration of A549 and SMME7221 cell lines. The width of the wound was recoedl again after 48 h
post-wounding by light microscope (x100). (a). Phomicrographs of cells treated with (A) 0.0, (B) 0.5C) 2.0, (D) 8.0, (E) 16.@mol/L
TW9183, and (F) 16.Qumol/L gefitinib. Six random widths along the wound beforeand 48 h post-treatment for (b) A549 cells and
(c)SMMC-7721 cells. P-values were calculated by uaped t-test for the same treatment prior to and afer 48 h, **P<0.01, ***P<0.001

Effects of TW9183 on viability of A549 and SMMC-7721 cancer cells

As shown inFig.4, in negative control treatment, cells appeared wétgular contours, round and large in size.
Rarely cells with smaller nuclei and condensed w©tatin were seen. In contrast, most nuclei of TW9t8ated
cells appeared brightly stained. Note that the rennbf apoptotic nuclei containing condensed chtioniacreased
significantly as the result of concentration inaea
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Fig 4. Effects of TW9183 on viability of A549 and BIMC-7721 cells. Fluorescence photomicrographs of e with Hoechst 33342 staining
after treated with (A) 0.0, (B) 0.5, (C) 2.0, (D) ®, (E) 16.0umol/L TW9183, and (F) 16.0umol/L gefitinib for 48 h respectively (x100)

Effects of TW9183 on cell cycle distribution of A549 and SMMC-7721 cancer cells

To determine the effects of TW9183 on cell cyclstrbution of A549 and SMMC-7721 cancer cells, flow
cytometry was applied. TW9183 induced G2/M-phaseuanilation in both cell lines compared to the nigat
control. In A549 cells, a strong G2/M arrest (5@4j8vas observed at 2imol/L TW9183 treatmentHig.5-a and
Fig.5-b), and the effect diminished at énol/L, which leads to a moderate G2-M arrest (28R9n SMMC-7721
cells, 8.0umol/L TW9183 treatment had the strongest G2/M ai(&3.65%)Fig.5-candFig.5-d).

C

5
5 g ] ?
&

e

Fig 5. TW9183induces accumulation of A549 cells arMMC-7721tumor cells at the G2/M phase of the cetlycle. The cells were stained
with PI solution and subsequently measurements bydiv cytometry. (a) A549 cells were treated with (A9.0, (B) 0.5, (C) 2.0, (D) 8.0, (E)
16.0pmol/L TW9183, and (F) 16.0umol/L gefitinib for 48 h respectively. (c) The statistichdatas of (a), and normalized by (1) negative
control, (2) 0.5, (3) 2.0 (4) 8.0, (5) 16.Qumol/L TW9183, and (6)16.0umol/L gefitinib. (b) SMMC-7721 cells were treated vith (A) 0.0, (B)
0.5, (C) 2.0, (D) 8.0, (E) 16.0mol/L TW9183, and (F) 16.0umol/L gefitinib for 48 h respectively. (d) The statisticadatas of (c), and
normalized by (1) negative control, (2) 0.5 (3) 2.0, (4) 8.0. (5) 16.umol/L TW9183, and (6)16.0umol/L gefitinib.n = 3, **P < 0.01 vs NC

group

In this research we evaluated the antitumor eff@ftgW9183 in vitro for A549 and SMMC-7721cell lime
respectively. TW9183 inhibited proliferation in ine-dose dependent manner, and inhibited migrapommoted
apoptosis and induced cell-cycle arrest at G2/MAB49 and SMMC-7721 cell lines. The cells swelledthe
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concentration elevated from Ousnol/l to 8 umol/l, and at the highest concentrationitfiol/l, cells shrank, debris
increased and floating dead cells were observeatidg a greater cytotoxic effect. In additionli€swelling and
spread were characteristics of cellular senescg@fejvhich was one of the tumor development medmasigot a
conclusive proof in 2005[17-19]. So further resbascare needed to know whether the anti-prolifenagiffects of
TW9183 on A549 and SMMC-7721 cell lines were caudmsd cellular senescence, e.g. the activity of
B-galactosidase and the expression of landmark migld221 need to be detected [20]. The anti-pralifen effect
of TW9183 on SMMC-7721 cell lines was better thanA®49 cell lines, this result was consistent with animal
experimental results showed in a patent [9]. Colfamgnation is another method to detect cell prodifon, colony
formation ability of both cell lines decreased indase-dependent manner after treated with TW918&em
remarkable effect than MTT assay. Further, we fotlhad TW9183 inhibited migration of A549 and SMMC2ZAL
cell lines, which was observed specifically in A548lls, this maybe one of the anti-tumor mechanisms
Fluorescence photomicrographs of cells with Hoe83842 staining showed that TW9183 decreased itialoi
A549 and SMMC-7721 cells in a dose-dependent mamspecially for A549 cells, indicating a connextisith its
anti-proliferation effect. TW9183 showed betteribitory effects on SMMC-7721 cells with the IC5G&6 umol/L

in 72 h, it hence indicated that other anti-pratifeon mechanisms maybe exist for SMMC-7721 cétisaddition,
the condensed chromatin fragment may be due talebeadation of DNA in cells, which need to be dietddy
agarose gel electrophoresis experiment. Flow cytiymenalyzed the cell cycle distribution of bothlldanes,
TW9183 induced stronger G2/M arrest in SMMC-7721scavhich was 83.65% at @mol/L as compared to
50.78% in A549 cells at gmol/L. This result indicated a cytotoxic effect BV9183 on SMMC-7721 cells, and a
similar anti-tumor mechanism as sorafenib[21].Tlk&oally, the toxic effects of kinase inhibitors thvihigh
selectivity used as antitumor drugs should be loweipractice, the toxic effects of inhibitors ofopein kinases
need to be proven in preclinical and clinical siarhe acute and chronic toxic effects of the madiare being
tested now. In conclusion, the present study inditiaat TW9183 has strong antitumor effects, anday be used
for treating cancers in clinical trials.
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