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Abstract

Colorectal cancer is the second most common cancer globally and the third leading cause of
cancer death. A delayed diagnosis and high cost of treatment contribute to high mortality. Thai herbs
have gained more interest as chemopreventive agents. Ginger is one of the most widely studied herbs
composing of many bioactive compounds for treating diseases, including [6]-shogaol. Previous studies
have reported that [6]-shogaol exhibited antiproliferative activity against various human cancer cells.
However, its therapeutic effects were limited due to physicochemical properties. Therefore, the present
study aimed to investigate the antiproliferative activity of [6]-shogaol derivatives including PKAF1, PK2ME
and PK4NO2, on human colorectal (T84) cancer cells. Morphological analysis of T84 cells under a
microscope revealed that PK4F1, or 4F-phenyl pyrazole, exhibited strong antiproliferative effects
compared to PK2ME and PKANO2. The morphological changes observed were comparable to those
induced by [6]-shogaol. In addition, PK4F1 possessed a tremendous effect on inhibiting colony formation.
Cells viability assays showed a reduction in T84 cells viability with an ICsp of 16.76 uM. Flow cytometry
assay showed that treatment with 20 uM of PK4F1 significantly increased apoptotic cell death. Moreover,
fluorescence microscopy revealed that PK4F1 could induce phosphatidyl serine exposure chromatin
condensation and DNA fragmentation, a hallmark of apoptosis. These findings suggested that PK4F1
inhibited the growth of T84 cells in dose-dependent manner by inducing apoptosis. Therefore, PK4F1
might be a promising candidate for further development as an anti-colorectal cancer agent. Additional

studies are required to elucidate its underlying mechanisms.
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2. EAUaEITNS

2.1 msaseuEsein

a15uU3ans [6)-shogaol waza15oYWUEY09a13 [6]-shogaol Ao PKAFL, PK2ME wag PKANO2 1d¥uaau
BUATIENAIN 3. AT.URA Augu 919158UsEIavuAliUseend AuyIngImanswasalaans umingae
waluladsvusaadau Tasansuiqns [6)-shogaol uazanseyRusyesans [6]-shogaol Luansfiaalsaininirds
wEviransliuianslaslinedutlasunlnnsil waziigationdnualvesansiiadnlddomadamaadnlnsalnd
#15U3gw3 [6)-shogaol waganseyusuesans [6l-shogaol azgnimeIsuduarsazaredodvinazans
dimethylsulfoxide (DMSO) waztiludesmuanududuiidenisdmiunsmeaaeussly

2.2 maweidss uasnswsawadunsedldlvguasnmnsuiingia Taa

waduziSealdluguazninsndnylie T84 laFuarueuasiziain a. as. un.dnsds miloudszam
AuzLEmMARSlamEIUIaTINBUR wivendoufing Taswad T84 axgrinzidsdluetmaldsasad Dulbecco’s
Modified Eagle Medium (DMEM, Gibco, USA) Afldunanves fetal bovine serum Wudufoway 10 (FBS, Gibco,
USA) wag penicillin/streptomycin iWuduiosas 1 (Invitrogen, USA) maiuﬁ‘u'uLWW:L?&HENLGUaéﬁﬁquQﬁ 37
osrnwaifioa pnudiutu CO, $oray 5 wavauTudiivdiosar 95 Inedsuewnaidsnsadyn 2-3 fu
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2.3 NINAFOUANSYBIAIT [6]-shogaol uazdnsaywusdantaiinsuIuvaead T84 #2833 colony
formation assay

nswisuifisunuivesans [61-shogaol waranseuiuisonisadydivlnveaead T84 uuulalail neaeulng
Witawad T84 $1uau 1 x 10° wadeedadans lunnnquidsswadyiin 24 viau nsnaaeuutadu 2 ndu las
naufivils e nquAlUAL ansazans dimethylsulfoxide (DMSO, Sigma, USA) imnudududosas 0.1 uazna
figes Ao ndumaaeu Tnelfnansiioens fie [6]-shogaol, PKAF1, PK2ME wag PKANOZ Aimnududiu 10 lalasluans
winfu asluwsagngu auddy ntuldsusmadsagadifiansmaaeunn q 3 Yu wagtulufuumizide
waddunan 1, 3 uaz 7 Yu easunariidivua degUwadiendes inverted light microscope (inverted
microscope CKX53, Japan) wagduiintoya Lﬁa?;uqmﬁluﬁ 7 dngaalulnszisesedd colony formation assay

nInAFeUnNETeIans PKAF1 donsniyivlnveawaduuulalad fnnudududing q lnewioumwad Taa
71U 1 x 10" wadneledans Iumwaqmé‘jmmaa‘ﬁuﬁﬂ 24 vigy WaLANES PKAF1 fimnudiudu 0, 5, 10, 25, 50,
75 waz 100 llasTuan$ adluusioengu alufimzidoneadifung 7 fu anduieadluiinszideseis
colony formation assay

Mé“qmmjuqumaéﬂsummL’Jmﬁﬂ"mum a1awanslvasavaleUiies PBS wasn3uwanfie
paraformaldehyde/PBS iiuduiouay 4 Mntudoueadiaed crystal violet duduiesaz 0.1 dddauiiuesn
Faethazein uagiuniusaulaladiiieduluudas nquiaelusunay Image) Lwammmmmiaaa 13
LQSEQLG]UIWUENleiaaLLU‘UIﬂIau (% colony formation) mﬂuumm glacial acetic acid [Wutusesag 10 \ieazanyd
crystal violet ‘1‘7iéTamamLﬁnaéaaﬂmi’mmmi@mﬂﬁuuaaé’wm'%lm microplate reader (Multiskan SkyHigh
Microplate Spectrophotometer, Thermo Fisher Scientific, USA) fiauenadu 600 wiluwns YSunameawad
fiffaufnd crystal violet wldwediiitinzen

2.4 msvedauqVEvaEns PKAF1 AIANDYIDAVDILAA (87T MTT assay

Wwisuwad T84 §11au 1 x 10° wadredladans nioufuiiuans PKAFL fimudidiu 0.1, 1, 2.5, 5, 10, 20, 40,
80 waz 100 lulasluans auandu Inswad T84 Tungumivau asgnuaimeansazate DMSO WuduSesar 0.1 Tu
omMsapaead Mntuiwad T84 luemnsidsawadidasnadeuiinnududusing 4 Mwdeulfldluammzdes
waduiin 96 vqu 4 oz 100 lulasdns inluvsluginzidsasadifune a8 $alus Weasunanfnaisazans
3-(4,5-dimethylthiazol-2-y)-2,5-diphenyltetrazolium bromide (MTT) lifiaa1uudugaviny 0.5 Jadnsusie
fiodansluniazmgu Useifunm 4 dalus ifensunangaasazans MTT fia udauuansazats DMSO Liieazans
WAN formazan antutilufndniagandunasienies microplate reader finvugniadu 570 uiluans 9
Funamniesarnisegseaveasad (% cell viability) 9ngassesigluil

o Abs Wwadlunguiifansmaaeu
% cell viability = x 100

Abs WadlunauaIuAL

AuANEuTuSTEnInA1Sesazn1IegTeAvTeLTaRiuALINTUYDIATT PKAFT demaarududuves
a5 PKaF1 fiannsadudimswsapiivinveswadlafosas 50 (Cso)

2.5 msmaaquémams PK4F1 sian1sininliiwasd T84 aeuuvazwanlnds

nIMAgeUgMiu0sans PKAF1 Aidninliiead T84 amsuvvesnonlnda dolnieansinimsegiwadlu
ansarany (flow cytometer) unsvaaoumn1siUdsunlaswes phosphatidylserine UulBevuimad wag DNA
shensdeumadaeddensigoeisaiwus Annexin V-FITC Wag 7-AAD mudsu Uuimnziwad T8d fiannandudy
25 x 10° wadsefiadans lunmavauasswadeln 12 viay wiaufiuans PKIFL fenududu 10, 20 wae 40 Talasluans
AIUAIRU ﬁﬂﬂﬂﬂuﬁmwL?ﬁyﬂmaélﬂunm 72 dlas Mntufuwadsvun Wiuwiesd 1,500 seusound &g
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shansazanetivlnles PBS reulfinaisazats Annexin V binding buffer f1flans Annexin V-FITC wag 7-AAD Waz
Unfigamgivesludifiafunan 15 unit Aeuthluiinsgsimesaznismevearaduuvaznenlndauaznis
LﬂﬁauLLanaﬂL?J'aﬁmjaéﬁamﬂ%iaﬁ flow cytometer (BD FACSCanto™ I, USA)

2.6 MsfnwdnyMENNEuNgIVINEvaITad T84 drensdaudvigaasaiwun

W3EIPAS T84 S1ua 2.5 x 10° wadnoRadansuu glass cover slide Insviwadlaurasviauluaanguides
wadulin 12 viau 715 glass cover slide Msoefiiruvau iwuans PKAFT fiannududu 10 wag 20 lulasluans vily
ﬂﬂuﬁmﬂm?ﬁymwaéﬂunm 72 $2lu9 dlensunainiawaduu glass cover slide #7e paraformaldehyde/PBS
dudugosay a (4% PFA) \uian 30 uifl antfudrasading 1X PBS Aewhludoudedvigeaisaius Ao DAPI
(5 lalasn3udefiadans) Pl (5 lulasniusiofiadans) uaz Annexin V-FITC (10 lailasn3usefiaddns) Unwadlufiiin
flgungiivies \unan 15 unil Srawaddruiueendie 1X PBS wdhwadlunsavasusiendes fluorescence
microscope (Olympus BX51, Japan) kazaieguduiintoya

2.7 MTIATIRVAMISEDA

Tuusaznsvaaey YINANITNAREUBENITDY 3 S1NFLIUMIAY mean + SEM waziU3suileunnuuansis
FENINNGUAIUANAUNGUNAABILALTE One-Way ANOVA FiAs13iuuy Turkey’s multiple comparison test lng
AnsuanseeaiiduddynsaiRinnudeiudosar 95 serinadeyaazgniiansanii p < 0.05 Taaglilusunsy
GraphPad Prism version 5.0

3. WaNIANE

3.1 Nanﬁvmaaqu'é%aamsu'%qwé [6]-shogaol uaza15UWUSVaY [6]-shogaol AanissyLAulnvas

\wad T84

nMRdeUNavasaNTaAUIavs [6)-shogaol uaranseyRusvasansataudas [6)-shogaol Ao PKAF1, PK2ME
uay PKANOZ samadinzidsus fasldlngjuazyviingda T84 Tnon1sussifiuangusisdnsusveasadi
WasuuUadlushendas inverted light microscope nan1svaaaunuii a1 [6]-shogaol LLazmiaqﬁuéﬁgﬂ 3 vl
fnariazusne uaznsasyiulanveawas T84 ag1ataiau dledunanisniaivlnvesead T84 wuinwad T84
winduladusiuudungulalad Aflveuwavedlaladdaau imefufauiu uazgseudnemunaimeied
Wit (Fig. 18 uay 10) uindsanwad T84 gnnndeudeansfiosnai 4 oiin Wune 1 Yu nqulelaiives
wad T84 Suunaiinas wadvad (shrinkage) fvuinidnas warBuiwadvumdnnanassluomsidasad 1ud
ihaulegsBudlewisuifisunanimaaeuansiesnais 4 viafienududuriniy fe 10 lulasluand Wuna
7 fumud1 a5 PKaF1 finadonisisuiulaveawad T84 sniigaiilowSsuliisuiunanisnadeuedans PK2ME
uaz PKANO2 wazddlvinanmaeuilndlfssiunauesans [6]-shogaol Ae Hiwadsusnananvunnidnvianassdiuiy
wnluownadsasad lasiwad T84 iSsiTinsenoguuituimdotosniidlonssuifisufumadlunguaiuauiign
nageuslefiviazals DMSO WuduSesar 0.1 (Fig. 1B) waviilenaaausie colony formation assay Wuin
n&snUuizad T84 fuansa 4 sdafieududu 10 lulasTuans Wunan 7 $u wenmedeunudn enfesasves
nswsaiulndulalafiveswad T84 wasanuuaieans [6]-shogaol, PKAF1, PK2ME wag PKANO2 wisuiungu
AIUAY (DMSO Wuduseeag 0.1) TAWW1AiU 15.19 + 7.610, 63.29 + 6.165, 87.91 = 9.569 Uaz 91.00 = 14.068
paddu asdiulin a1s Prar1 Sgvslunisdudinasiyidvlndulelatvssad Ta I8Afian WeiSeudisutu
@15 PK2ME wag PKANO2 (Fig. 1D) mﬂmaﬂﬁmmamﬁ{ﬁﬁa%uﬁaﬂﬁmﬁ PKAF1 lUnnaeugrisrewad T84 seld
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Fig. 1 Effects of [6]-shogaol and Pyrazole derivatives of [6]-shogaol (PK4F1, PK2ME and PK4NO2) on T84
cells. (A) The chemical structure of [6]-shogaol and derivatives (PK4F1, PK2ME and PK4NO2). (B)
Morphology of T84 cells after treated with 10 pM [6]-shogaol and Pyrazole derivatives of [6]-
shogaol for 1, 3 and 7 days as shown in D1, D3 and D7, respectively. Morphology of T84 cells were
observed under inverted light microscopy (20X). (C) T84 Morphology was observed under inverted
light microscopy (4X and 10X) following culturing in a T25 flask for 3 days. (D) Colony formation was
analyzed by crystal violet staining. T84 cells were incubated with [6]-shogaol and derivatives
(PK4F1, PK2ME and PK4NQO2) at concentration of 10 uM for 7 days, The number of T84 colonies
were significantly decreased by [6]-shogaol and PK4F1 (n = 3). Data were expressed as mean = SEM.
*p < 0.05 compared with DMSO-treated cells.
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3.2 WANSVAREUANSYBLENS 4F-phenyl pyrazole (PK4F1) sons3eyliulaladveawad T84

PNUANIITIAARUMSYRsENs PKAFT densiasaiivlalulaladvewad T84 §1e33 colony formation assay
wuinilonnaousaeans inududu 5, 10, 25, 50, 75 way 100 lulasiuas auardu Wunad 7 Yu Ardesar
yesmsaigiivlndulaladveasad T84 Wisuisufunguaiuauiinaasudie DMSO Wadufesay 0.1 Wity
78.41 + 7.720, 59.97 + 6.830, 17.48 + 8.740, 0.00 + 0.000, 0.00 = 0.000 kaz 0.00 + 0.000 AIUAIGU (Fig. 2A
LAy 28) GeaenndosiunanisaaeumATsUTINvesmadideufng crystal violet Inn1sinA1nsgandy
ﬂguLLﬁﬂ‘ﬁ. 600 Wluluns JAvinAy 2.920 + 0.4864, 2.066 + 0.4698, 1.064 + 0.3303, 0.056 + 0.0009, 0.056 +
0.0015 uag 0.057 = 0.0017 Awawiu IneiTeuiisuiunguauauiinaaeude DMSO Wudufesas 0.1 fa
Wi 3.518 + 0.2352 aziiulédn a5 PKAFL Amudududeus 10 de 100 lulasiuand fnadudenisesaydu
Trlafveawad T84 ogailifodrdymeadindloSouiisutunduaiunu wandliifiuinans PKaFT aunsadudonis
widulalativewwad T84 wuuwdsiumuanududuiliiaanndu (concentration dependent manner) iunns
Ustinans PKaF1 fiqududanisiiusuau (proliferation) vesiwad T84 (Fig. 2)

A PK4F1
DMSO 5 M 10 pM 25 UM 50 UM 75 UM 100 pM
B 120 C. = 4.0-
o
§ ~ 100 ns % § 3.0
® 9 - T
£ & 80 N ‘g = 2.5-
£ 8 604 S 8 2.01
>4 S £ _
§¢ 40- 5870
8 < * g o 1.0+
207 5% 05 R
*x * * ~ . a °
0- 0.0 T T T T |
0 5 10 25 50 75100 0 20 40 60 80 100
PK4F1 (uM) PK4F1 (uM)

Fig. 2 Cell proliferation of T84 cells was assessed by colony formation assay. Cell proliferation of T84 cells
was investigated after treatment with different concentrations (0-100 pM) of PK4F1 for 7 days. (A)
Colonies were demonstrated by crystal violet staining. (B) The number of T84 colonies and cell
viability were significantly decreased by PK4F1 in a dose-dependent manner. Data were expressed
as mean + SEM. *p < 0.05 compared with DMSO-treated cells.

3.3 qusvasas PKAF1 fan1sagsonvaswad T84

mﬂmimaauqmémaami PKAF1 sonisiiinsonveasad T84 1unan 48 dalus lneldansfiaududu 0.1,
1, 2.5, 5, 10, 20, 40, 80 waz 100 lalasluans wunisegsenvesiwadiisosay 9597 + 2.718, 97.85 + 6,318, 95.41
+ 4,750, 89.76 + 3.125, 60.53 + 2.823, 34.23 + 9.080, 10.05 + 2.337, 5.02 + 0.105 waz 5.62 + 0.331 ALY
deflsutuwadlunguaiuauiingdedlusmadsasadiia DMSO Aififoraznissentinvoswadil 100 91
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NAN1TVARBINUTIANT PKAFT Anmidudu 0.1 fa 5 lulasTuand lifigvdsentsogsenvewad Ta ifleifisuiy
nguauAy Tuvazdians PKaF1 finnandudu 10 84 100 lalasluans awnsaannisegsenvesiad T84 ldegnadl
Foddyneadn (o < 0.05) eiflsuiuwadlunguauauiigninizidedusimaisuyadiisl DMSO uenaini
NN1IARRIMUIY PKAFT Snasionisegsenveswad T8a wuuuUsiumuaududuiifiunniu Tnefidiaanw
Wauduilanunsaannisegsenvesiwaduzids T84 #¥evas 50 (ICs) Winfu 16.76 + 6.156 lailasluans (Fig. 3)

120-
100
?’é‘ 50- ICs0 = 16.76 £ 6.146 uM
5 £
©c O
qu_: 604
g; 40-
20
*
0 +—r=—rrrrmr—r—rrrrr—r—rrrrm
0.1 1 10 100
PKA4F1 (uM)

Fig. 3 Effect of PK4F1 on cell viability. Cell viability of T84 cells after treatment with PK4F1 was assessed
using MTT assay. T84 cells were treated with different concentrations of PK4F1 for 48 hours. Cell
viability was demonstrated as a percentage relative to DMSO-treated cells. Data were presented as

mean + SEM of 6 independent experiments. *p < 0.05 compared with DMSO-treated cells.

3.4 gusvasans PKAF1 lunstnihldiwad T84 mewuvaswenlnds

dlevhnisnaaeugnsresans PKAFL fuwad T84 iunan 72 $alus uazdeniwadeddon Annexin V-FITC
$9URU 7TAAD WAIBATIERTIUILAGA181AS B flow cytometer WlawadiAnni1snisuuuasnonlnda
Phosphatidylserine fiagiulureuioviuwadoznansanguanivad Faddan Annexin V-FITC 93a111504y
phosphatidylserine UuBeruiadsiuuonls KansVAaeInUIiienaaeugnivesansii 20 lulastuans wadd
faufind +Annexin V-FITC/-7TAAD SeUsuaniamadiimeuuuesnonlndalutisszoyusn (early apoptosis) way
Wwadidfouding +Annexin V-FITC/+7AAD ZsUsuanfiesnisaisveswadfiingszosndsvesoznenlnda (late
apoptosis) AeaniluYIa19Uua IR IUUVINUDY scatter plot Tu Fig. 4A ﬁ?mﬁuga%uaéwmnLﬁmﬁ&mﬁ’uﬁ
10 lulasluand wazwadlunguatuauiilifnddon -Annexin V-FITC/-7AAD 9 nkan1svaasakandliiiiuitans
PKAF1 7 20 lulasTuans Sinadniliewad T84 meuuvszneninda lnefinasiuiovazvowadiimeuuvesneninda
wilutieszozusn uagsvosvds (Fig. 4B) wifu 68.40 + 2.211 Fausnssnnuwadlunguaiuguiinzideduams
\Feawadiid DMSO eehsiifuddayneada (o < 0.05)
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Fig. 4 Apoptosis analysis of T84 cells using flow cytometry. T84 cells were treated with PK4F1 at 10 and
20 uM for 72 h. (A) Representative flow cytometry scatter plots showed increased Annexin V-FITC
and 7-AAD staining (Q2 and Q4) with increasing concentrations of PK4F1. (B) percentage of viable
cells as indicated by double-negative staining for annexin V-FITC and 7-AAD. Total percentage of
cells undergoing apoptosis in early and late apoptosis indicated by +Annexin V-FITC/-7AAD and
+Annexin V-FITC/+7AAD. Data were presented as mean + SEM of 3 independent experiments.
*p < 0.05 compared with DMSO-treated cells.

3.5 Wavadans PKAF1 sian1silAsunuasdnuausnisduguineveawad Taa

9INMsANYINAYEIANT PKAFT demsiUAsunlasdnuuenisdugiuineiveswad T84 ndsngnindeniily
Winnisaneuuvasnenlndasisnisdensisddoungaaisawun DAPI (5 lulasniuseliadans) Pl (5 lulasniusie
fi08803) waz AnnexinV-FITC (10 Tulasniudefiadang) ndunsiagsuinessaduasinadeaiiudeuluse
Nae3 fluorescence microscope NANIINAABUNUI Waa T84 ﬁgﬂmaauﬁ’umi PKAF1 finnusdudu 10 waz 20
lalasTuan$ Wunan 72 $lus Sounaidnas Sunduatdionfind DAP Huty wansdsinndoadiidnumzuiuiy
(chromatin condensation) ilalU3suifisufumadlunguaiuay Tnsiawiedl 20 lulasluans PKAF1 finsunniin
9949 DNA (DNA fragmentation) Fadudnwaziang (hallmark) ve3nsmeuuvasneninda (Fig. 5) wonNTUs
WUN13AAAYDY Annexin V-FITC vuborfuiwad T84 Wity ndsingnnaasudieas PKAFT fasidudu 10
war 20 lulasTuand mudnsu Feusddenisindeuiives phosphatidylserine mﬂﬁmiuaaﬂéﬁmuaﬂmau?jaﬁu
wad Fadudnnisdnuazians vesnsmenuvezwenlnda (Fig. 5)
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Fig. 5 Fluorescent micrographs of T84 cell apoptosis after 72 h of exposure with PK4F1. T84 cells were
stained with DAPI, Pl and Annexin V-FITC. Representative photographs of nuclear morphology and
phosphatidylserine changes. DNA fragmentation was shown by red head arrows. Phosphatidylserine
exposure was indicated by green fluorescence or positive of Annexin V-FITC staining. Dead
cells were shown by red fluorescence or positive of PI staining. Images were captured with a

fluorescence microscope (Olympus BX51, 100x).

4. 3130l

uzsildnguazmnsindadunidulsauedaidulgmsuduiu 1 lussuuassaguueddnesmiaas
Usenarialan®® Jagungifadnldlmajuagnnsminanansodnulimels TnonisinwazEuainnisindaerdld
drufiduuzisenn wavdedldduiiviedndeiu suluinisansuas uaznislieaivin sgnlsiniunns
Snwdansldioan LLﬁsﬁﬁﬂ%’ﬁh&J’Lumi%’ﬂmﬁﬁawﬁwga ﬁa&JLWﬁﬁ'ﬂ%ﬁaﬁqﬁﬂmauhﬁmﬁumLmemmi%'ﬂméfw
o 1 L‘WIE)GU"JEﬂ,ﬁéﬂ?EJ?I’llI’]iﬂL%’Iﬁﬂﬂ’]ﬁ%lﬂiﬂ’]lﬁiﬁﬁl‘ﬁu msnwdemsatnanayulnsiadumadenvilsifany
Whaule Wesainmldieniusssueid wagsianliung ?uqLﬂuuﬁﬂuﬁﬂjayulwsﬁiﬁ%’ummau% wagiinuund
MsAnwgnsvesansataLazaIseengnsaINTY WU NsAnwIMavesans [6]-shogaol Suluaiseengrndndinuly
Fesswaduzidnareuidn®® neans [6)-shosaol aunsadufiniswdyiivlnveswadusisldlnonisdnuile
waduzSwnawuvesnenlvda og13lsfnuans [6]-shogaol Fefifesiinandnumlasiadramnend fdmalians
fauanansolunisazansiei weeditiusinaeengys (bioaviability) filsiresd madnuUadlassasavesans (61
shogaol SaduBnmadonuisiivzannsaiinyszansnnvesanseangrstanusatuldluniswauiiiesnw
TsruziSeioly snddeiléfnuusyavsnimussanseyiusues [6]-shogaol semsegsenuarniamileniiliiians
meuvveznenndaluwasuvSanldluguagninsmin T84 (lung metastasis-derived colon carcinoma)
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IINNINAFDUNAVDIANT [6]-shogaol wavansouiusues [6]-shogaol lakn PKAF1, PK2ME uag PKANO2 Mg
n1sUad T84 fuansia 4 viia fanududu 10 lulasluand Wunan 3 Yu uasamadeudnuusreuyad T8
fendas light microscope Tuiudl 1 wa 3 ndsainvy tnelutuil 1 wui wad Tsa ﬁgﬂﬂmwwﬁwms PKAF1,
PK2ME waz PKANO2 fidnwmzidiulafulaladl uwdlaladfiouinidnas veviwadususzanniy wasnuiwadvanay
nanaoseenaNfiuiaInduilsvuwadfuaiseyiuiv 3 ada wdudunat 3 Yu venanddsdunnlii
Suunazaunvedlalaifisesdinndsgnuaaeusneans PKaF1 fswiudesnindewSeudisuiuwadiignuuse
@15 PK2ME waz PKANO2 Bnviananstuisad T84 fuans PKAFL eanguitiudsnisaiaidulnveswad T84 147
fian uazoanguslndiAssiuans [6)-shogaol unign illewsuiisuiuanseyius PK2ME uag PKANOZ s
aonrdosfiunIsAnueuntihidinudt nsiamy fluorine viliniseengnivesansisestu®® ¥ fefinnubululy
Ty fluorine vulassadsvesansteiinnuantAnisazarslulviu (lipophilicity) Paelvansanunsnrider
e (cell membrane) 143y wazsy fluorine Saiuarditanesans (polarity) lsasdiauannsalunisd
futeulwivielusiuthmneldfsdu ussluihaulatinsiums fluorine Wineuanasalumsisdidnaseu
(electronegativity) " ﬁwiﬁawaﬁmmmﬁaqﬁu asnufsn1saaefalaf duase metabolic stability 2399815
FadunmautAniddylunisgaduen (bicaviability) Whgnszuadon” uenanidsfisnesnuin arsidnisiumy
fluorine dwilnaanifiniunwiigs wazdianuannsalunsgadueidnitasidanuaansalunisisdidnaseusi
Wy ansfiinisiinmg methyl wie nitro™ vy fluorine Tulasaadravesans uiosuswiindnuautindy Wy
1219 ZagtafinisAnunnineiinenugniveans [6)-shogaol Fanse
fuds waranduuwaduzimmeviarunamdeniliwadidgnaruiunmaneuuuesnenlnda®® 19

815w ImzI59 Belzutifan wag Sotorasib'
A
winiifidedsdauaulefnuimsoenguiuesans PKaF1 semstiudansaiauiuln wasnismieniliinnmnie
wuvazwenlvdaluwas 184 siold

NNENYULNITFILANGITANUIIE1T PRAFT ponguisudanisaiyivle Feldnmainseiquivesans
PK4F1 siansifiusnuiuwadseds colony formation assay Wuin nswsyduladunguieulalaiiveswad T84
anas Watiiuamududuresans PKaF1L Ustiinans Prar1 fiqudlunstiudamaifiusiuuveasad Tea dedudise
Filimaaeusiolnenisnsinlinszsigndvesans 4F-phenyl pyrazole $1835 MTT assay Lienniesaznissontin
Yeamad T84 ndsanuuiuans PKAF1 Annududuiinansnedu iunan 48 4alus Sewudn ans PKaF1 fiwasionns
og50ArBATad T84 uLaznuIANudTuvesasiiannisegsen nieswaduziie T8 ldnsmiailefiouiy
NANAIUAN 138 A1 ICs0 (50% inhibition concentration) Wiy 16.76 = 6.156 lulasluans Fdlddenldninududy
finTounguAn ICso Ao 10 way 20 lailasTuanf Tunismaaeuduseld

wiezaTanudnuvarrewwad T84 e uarilvunndnas wazdudugnsvesans PKaF1 Tlunisdudanns
3re9wad T84 1hne3s colony formation assay way MTT assay waa ndsldanunsadudunssuiunisnse
nalnfifeadesiugrivesans PrarFt lunsdudinsaiaiuln viesiwaduzds T84 Ifegsdnian wuifieatu
nsAnweunthilfeafunaeans PKAFL Tuwaduzdad &g uazninmiin 4iia T84, HT29 waz CaCoO2 s
wui1ans PKAF1 senquissudanisaiyessaduy e 3 viln uazmieniliisad HT29 meuuveznenlnda
3ndne uidslifinsnunguivesans PKAF1 fuwad T84 hisuaniainiyuessad T84 thunszuaunisla® i
Falémaanugnivesars PKAFL sentsmiertliwadaeuuuosneninda lnon1sdouwaddieddon
WgealsaAlwUs Annexin V-FITC uag 7-AAD Wnianavesans PKAF seniandsniliwadniouuvoznonlna
Feup3ed flow cytometer NANNTVIAABUNUINENS PKAFL willeniligad T84 meuuvesneninda lnenuiosas
v93n1908dUlNguUU late apoptosis AU 59.57 + 1.056 @pnndesiuNanIsiouwasd T84 auddon
Wgeolsalwud DAPL, Pl waz Annexin V-FITC Sananisnaaaunuin ieuniwad T84 AU PKAF1 fiadnuidudy
20 lulasluans wenanwad T84 awnad (cell shrinkage) waa lasunAudaiinisnaniznguiuiuy (chromatin
condensation) uaziin15uAninuas DNA (DNA fragmentation) wieustswuwadfoudng Annexin V-FITC fived
phosphatidylserine exposure FFaauuniu Feaenndastunisanuineunthifninuin a1s PKEF1 aanqwéah
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