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Abstract

Abstract

Hepatocellular carcinoma (HCC) is a commonly occurring cancer that has a high
mortality rate every year. Uncontrolled cell growth and proliferation are the main
features of cancer and the main mechanisms of which occur by cell cycle disorders.
Sorafenib as a broad-spectrum and multi-target anti-tumor drug, more and more
sorafenib analogues were synthesized for tumor treament in recent years. Therefore,
based on the structure of sorafenib, we retained the diaryl ether, replaced the urea
moietywith an amide moiety, and then introduce a hydrophilic part to obtain the
N-(piperidine-4-yl)benzamide class of compounds. The synthetic method was
relatively simple, the compounds were easily purified and produced in high yields,
and forty five products were synthesized. Some compounds possessed more potential
activity than sorafenib with regard to inhibition of HepG2 cells. Compound 47
exhibited the highest inhibitory activity against HepG2 (1Csy =0.25 uM), as well as
excellent selectivity toward HepG2 over A549 and MCF-7 cells (ICs0>100 uM). Flow
cytometry and western blot analysis revealed that compound 47 could block S phase
and G2/M phase, activate the phosphorylation of AMPK , which probably induces the
up-regulation of p53 and p21. p21 could combine with cyclin-CDK complexes
formatting trimer, and lead to the inactivation of the cyclin-CDK complexes, thereby
prevent the transition of each phase of the cell cycle and completing the G1 — S —
G2 — M phases of the conversion process. p21 also inhibits the phosphorylation of
Rb, non-phosphorylated Rb could combine with E2F closely resulting in the
inactivation of E2F, thereby block cell cycle. In summary, our study has provided a
strong basis for cell cycle inhibitors for liver cancer targeted therapy. However, the
structure modification and mechanism of compound 47 remains to be further studied.

We hope compound 47 could be a potential agent for HCC therapy.

Key words: Cell cycle inhibitors; p53/p21-dependent pathway; HepG2



A R

TREREIERER
PG PEL AR HSL AR
WHO World Health Organization A B A
CDKs Cyclin Dependent kinases i NER e HE b L
CDKis Cyclin Dependent kinase Inhibitors 0 ¥ 5] SO ARG A 1)

AMPK Adenosine Mono-hosphate Activated Protein Kinase
I IR A i
VEGFR  Vascular Epidermal Growth Factor A KK 1524k

Receptor
IGFR Insulin Growth Factor Receptor JBE & AR K B2 A
KDR Kinase inter Domain Receptor G INEZ (AR U
Flt Fetal Liver Kinase 5 i it
Tie Tyrosine Kinase W& I 1
EDCI 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
1-Z56-(3- IR AR N AR B — D #h e
HOBT 1- Hydroxybenzotriazole 1-F8 BRI =M
PARP Poly-ADP-Ribose Polymerase RN IR -2 R A
ERK Extracellular Signal-Regulated Kinase — ZHi ia#M5 5 4 17 i il
AKT Protein Kinase B AN B
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
3-(4, 5- " FHBELIEME-2)-2, 5- R EEPYZMER L
PBS Phosphate Buffer Solution B R 2 P
PI Propidium lodide fLA P e




it

1.1 Bl

FeRE e e H AR SEIUCNIIET R — k. 2014 4F, (it
S RAZH2 (World Health Organization faiF% WHO) X 4 BRECSE 350 (1) 1] 5 45
REoR, FEAERBEA G T ARG, BIaEs . gk, sy, B2
bbb SBOPE N KR e i 2 e,

e AR, AR RETF L T — SRAURRE A (e Az L, i 4n
SR IEH IS AT IR OB IR A RPN R0 (cell cycle) tapram g A:
WA (cell life cycle) =4 Mg A B (cell reproductive cycle), &fE4H I —
WA 22 5p AR BN — IR 290 R e U & i #2400 JA 3812 i A~Br
B, RO e 91 5 4 i 2y 24301 . 4n i im] 391 304 DNA & Beriid] (G1i) - DNA &
3 (SH) 5 DNA A B (G2 ) - M 4R i 732405, GO W& Ha it Bs oF
AN, RS, AT R Th R A T AR e . 4
eI S L S o3 2 B YT RE A B2y 5 J 2 B e I A5 e MU e 2o 1
AN KR (check-points),  HH R E B E GU/S el G2/IM 4k,  NFR “JA
B (start)” BE “PREI S (restriction point)” . 7T G1 1K, DNA & kL,
M a8t MIIIIAR . G1/S BRI U2 HI4 i G1 JIREA S 1], AT AR Ik
G1 gy rb 2 pscE B, I HE R QR I BL R4S 1 G2/M BRI A
JEA L — o3 o I A RS AEA MAEE N R 2 BB B C 4 ) DNA
EHELR (B 11D o R AN E, RIVEREAE S LR, g aR
ZXJTHRIE ) DNA i

—ANSEREI AN M 5 I 52 22 B I T R AR O 4 3 S M g 1A T
MG UR IR o« 2 BORTE IR I R A R RS 5 an i s SR 45 D e 2B A %, B
DL, YR Sl BRI AN B S vy bR gt — B4, B N 2001 4 TUR AR EE A
RV 2 BERAG A 5 I A0 L S50 A0 A k. P TS R ) 391 S 1 9 K ) 01 ) G e
PRIk, 40 i A 0 B FEAR OG- F IR R TRl R S (M . BT
P W, LA o SRR AH SR R 2 7 R AR (Cycling) 41 AU
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WP (CDKS) A1 A Ji) BAA A S g 400361 57 (CDKS) o 3 6 35 PRI R A 4 i
JAWIHEIA (Cdo) , Horp CDKs A& M 4% 1140, cyclins X} CDKs HA5 1E 5 4E
f, CDKIs %} CDKs H. A il EEH, X = KI5 IL R 1 40 i FE 18 42 16
Ay TR,

A New daughter eolis
Cyelin B 1

Mitosis CcoK1 : .t Begin cycle
CDC25C I o

I Positive Regulatars
GaM __ __

Checkpoint
P e Cyclin D
p1siNGE CDK4
Negative Ll
Regulators plgiE
»1
LY
pSTHFE p21e"
S-Phase - > f p2‘r"'" p5THE I
Checkpoint 5 p21=™" RE . Cyclin E
DNA Synthesis \ cowz
Cyclin A ' b .
cDKz - oP1 Restriction point
-
o E2F
GU/S Checkpoint
& 1.1

1.2 CDKs 54 AR X &

CDKs & —R 24 R/ A ME 1A, ANk CDKs FiEH 9 AHuiA
(CDK1~9)F1 11 /4 cyclins(A~d) D4 %, AN[FH CDKs 73 il iEHAN A1) cyclins
gy cyclin [V EE, CDKs 1 cyclins &L Difg 2 A ¢ 5 W3R 1.1. CDKs f] H %
S5 Z A, 5 DNA AT, FRAMMNAT 202, 1ER41HN
NG G4 T 01, W 2 5 G0 AN [R5, DA 40 Mok AT 47 e i AR G
BAGE L IRIREGE NI T 5 AR AN, CDKs A AURIE TR () cyclins 1)
IR S BRI o LRG0 ERE AR A, cyclins R 44k
BTk B AR, I 40 %4 3 b e AT TR T 5 4k CDKs R, AT LS5 CDKs
Sk, A CDKs AL TS, A WEPER Cyclins/CDKs B4 S
BB LB, AN () JES R IR R Ak, 305 i3 29 s 7 A e 0 0 3= g
UK 20 B o SR, HEST) 20 1 5 A A0 i ) 50 % I A A A ) R s, A T A 4 i )
ST 42 190 2% v Kb T e LA

A0 B B A FUE SR C E K48 I, AT RAiE{k CDK4/CDK6 5
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CyclinD 144y, 230 CDKs (K15 5Ll IR 10/ 2 W IR AL A Wi 10 4 ™), CDKs
WelE G Al Rb 81, A BER AL G Sk R F E2F JE I E S Re T3k,
B E2F, AFILE AL ARSI R IA, S8t . Wit GL/S R
J5i, BT CyclinE A& Kz &4k, 1i7E G1 M E2F i I IH CyclinE-CDK?2
SRR, Mt CyclinA-CDK2 41440, 46425 DNA Sl .
7t S Wi, CyclinA-CDK2 & &1k, JEH. CyclinA-CDK1 & & A4
CyclinA-CDK2 & & 1AHEN G2 1. CDK1 X4l g 5 31 G2 i ke 45 vk s ME 1K)
YER, HAe55 CyclinA Fil CyclinB 454 7% CyclinA-CDK1 il CyclinB-CDK1
A, MIBCT A0 MO GEER -, HESD AN M FEHIE M B T B GL R
F U CyclinA, 25t S WIFIFS sy G2 WG, &gz 2L ii, We G2 W
FZLE CyclinB /CDKL B &AM hRE, MGG Hi%Z 5 T A MM 2528, 1§
A G2/M PRI AT, SERA 2L, R T R R ThE O W ) CDK,
CDK2. CDK4 }¢ CDK6 Z 54ifiuJ&H41, CDKs % i) HAth s 5% 41 FH 2 i 4
KN I, CDKS EBAE AN oA 22 5p 24 vV T, T e 40 i S 48 28 A iR Ak
CDK7 5 CyclinH £54 )5, n[{f CDK2 fil CDK1 Bk, 3t jHsh — & fAWE
PE, WM RNA RGN I, RAEH XM MWAIEN; CDK8-CyclinC Al
CDKO-CyclinT & A4tk ] LUB L BEER 1k RNA SREA I TR 5 R I A v, 7%
SR — 2 AE ) CDK10 Al CDK11 Al 4i ffuf% 5% ; CDK12 fI CDK13 fJ L
CyclinL 454, HZ 5tk w1,
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% 1.1 CDKs, cyclins RHEINREZ KIS R

CDK Cyclin Functions
CDK1 A, B1-B3 W G2/M H

A, D1-D3,
CDK2 . WA GL, S, T
CDK3 - 71 4 i S 1)
CDK4 D1-D3 W G1 A
CDKS5 D1-D3 WA GL, R, AL
CDK®6 D1-D3, K AT G1 HY
CDK?7 H SR
CDKS8 - BALESN
CDK9 - PALELSSS

1.3 CDKs 5iERY X %

40 M0 390 90 S g R ) R A R S BE AR O, eycelins B CDKSs (1 57 ik |
CDKIs [l I HOHE (40 i A 250, NS oo, IR AR . BopTii ot B
7N, JHIE CDKs #IIF#REK 1) Cyclin-CDK IR AW, S ERdeeAS [R] 40 1o i i
IR A5 T ] . CDKS $5 (11 ] B AT 71 1 20 2 1) oA A5 T i e
B4, T CDKs & PE A 1 mT B 155 40 M o R 2408 5, A3 g T Ao

I PR S S RS CDKs 13 INK4 KK M Cip/Kip K %. 4 F
1 p16™NKad| p15!NKAd 7 gINKAd 1 51 9!NKAd 41 B INKA( inhibitor of CDK4, INK4)
KW, {EIXECE A, AT 40%MZ LA IF], #HAHE A FER T4 (ankyrin
repeat) 4 #4) . 4 Hr 1 H 2 )7 A ReFI Cyclins A GG ()35, HEAI Cyclins 324
454 COK LAy . 7EIX 4 RiEE A, f35¢ pl5. pl18. pl9 HIMFFEANS bt D,
PURFSEE] pl6 & 1 5 R KR A R AT D) OCHE . IER SR, CyclinD
L5 CDK4. CDK®6 JEMIM = A4 il 1) Rb BRIk, (eibiesg b4, A
A G WAKEN S . 4N Az B 5L DNA S, pl6 55 CyclinD sedr&h &
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CDK4, i CDK4/CDK6 /31 Rb & H /=) s, FHIEAN IE W 40 iy
M GLIIHEN S 31, HARFAT 1wy,

P16 ok A 2 440 Mt $4 2 1 RS AR 1) 3 e T 4 P SR B VR,
p16 SEPA A kit Je o 515t pl6 xR I H ek, UM R 4N MG P 5
iR N MG PR A K o 2 K2 BB T, pl6 FE IR ) RIS R pl6 R R R IX,
{HAE B 20 T pl6 JEDR A5 5 pl6 ik G RAEN LR . EEHUET T, pl6 Hp
SR LR IR BT pl6 5N CpG By 5 AL AT S8 . (H pl6 fEfift N
SRR s PR AR S RAT AL, DR R pl6 SEDR PSRN S, 7 iy i A B
Wk, (AICHEARTIRE, Bltk, 78580 pl6 S 1 FIE B, 7 2R
ot

CIP/KIP K 3 FhEE (IR, B2 p21©™, p27 L Fil ps7iP2, 11K
CDKIs. IXEeH (AT ALK b 45 A, mIad i e CDKs e A U 5L [ ) 24
BHIT S E, 405 cyclins 55 CDK 7£ GL WK E A4k, i R FEMHIEM . p21
TR A2 H AT O I )z O R 0 40 PRI R . BFSTR IR, p21
B ANV T A0 0 A A 1 A SR BE B A (TR BTy, S 5 e LA T A FORAR
ELERe, T H p21 e T LU FL ) Y A0 S TE, ) AR 4 B 1
DRI, 2L 356 DR T il 40 A o B0 1 S ) 3 34 7 280

P27 J&—Rh 475k 27000 FRAH M 3 PR SR 7], Gl S CDKs 1R
T, BELOT 4 i ) 38 e AT, AR gh s RN, p27 R LRI TS R AL,
ST T A0 A% o G p27 BRI H R LT ARG A PR B b, T TG AR
JERAN N . B fiiE ATk AR TS A 1 340 e B p27 BH . AE
AN BRI, B AN p27 B KT R, SRR 0 BAR RIS p27
BEEACETFAG TR, I5%] DNA & s T, p27 AP RIS, 15
BE A A H SE R, p27 SRR RR AL, AR N DIRES . fEXZ
HOHFLAN A A, p21. p27 HIRRIR S LA 7 2 4 i SR 4E Ak o

HHiT, 5% ps7 5 MR AHDCVE I SR IE AR R AL, 50K IR p57 RAERS 4y
MU RIE, IR ARG /A T pS7 fmiakik, REAEAN iR T Gl
W, P57 1E R A S v R LR A A T SN R 5,
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1.4 p53-p21 dependent pathway

p21 JEH gt e i 2.4kb 4bAT A p53 LG AL s, p2l i B AEAY p53
R DR 5 S T " B DA A A R o 2 A DGR PR 1Y p53 R K] p21
AT iE et AE pS3 MM T . p53 T LA VA4 41 My AR p21 VATV 1 Ak,
WIS 3R GL WIHE S WIBT 5 M I 52 44 cyclin-CDK [R5 32 B2,
2 DNA HIR0i ), 400 s s de G2 . Wht iR, XAPRHARIY 24 p53 &
FHFFSLATAE T AT, I HL AR 0S5 S 40 i 1 85 Ao v il 7n) p21
(R A 2 M. Rk, p53 Al p21 X 4i Ha A 15 A i G2/M R AUk vee
AR P4,

RN, S RAE A B DIA DG, RENE AMP ISR 1) 2 P U il
—— R 7 FR T Ak 2K 11 4 5 (adenosine  mono-phosphate  activated protein kinase,
AMPK), #FRh “BERRZAR” o WKL, W0 HY AMPK 5 e ) A A B
A BT OB AL R RS R UUROC, BRI AR B AL
P20 WRCR I, AEBIL B R K B2 B, AMPK T LU G,
WO AMPK 5 % p53 WAL AT i S 40 I FE SRR 5 R, T B B LA IS
1LH) AMPK 1T %55 p53 B 16 I 5 3 p21 £, p2l & —Fl CDKI, JLaf 5 Ff
Cyclin-CDK 4%, JE =28k, FHE G cyclinD-CDK4 Fil CyclinE-CDK2 7%
PESZAMH], $0H Rb SRR, JEBER 1L Rb HE Y E2F B L&, i g,
MTTBE 20 LA G SHIEN S . SCkRIE, AMPK dlid p53-p21 HKHBirE k%,
B p53. p21 Al p27 ARMm g A%, B3 T4 M P R A I, ORI IR e £
J, AR AR AR R R A MR, p53 5 ST 4 B T AT B iR AR
PEOE AMPK 2932

1.5 40 RRjE A 2 B A R H 1 571

A, A A G5 12 ey 3 7 10 LA R BEAR S e v BoR S B3RS — R A
NI, BT R R RO B RATEREVESIE] CDKs IIBEFTEAS T 90
PEfEERE, UL CDKs fEJ4/EHIHE Rl pk % %, JAHEC A CDKs

005 7] 42 5 M) B4y b . MEE A S (purines) . T IE 25 (pyrimidines) . T il 25
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