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EIRTIFMER B SEMAA TS S MIEHLEH
WE REF LR YL
(AR EE 2GR, T ERZ5 BT FUBE, DR 250355)

WE s AT BRI F 5w AT ik R ALE R R e B, R AR R F 69 B R AR
Fog g M. Bk, 6 REWNE BT L bW G. TEAMGBRTE., EREGIFFRT, 48
FLRTAOAA RN IURE 2540 J7 269 KARFAT. R, A 69 @B =R % & T AT PI3K/AKT.
MAPK % 3 — 13 58 349 M AT, 4 2 3145 T8 38 L. T 35 RIA 42 W& A % il 34 L U35 (cross-
talk)#) & 4 %4, ¥ 2544 it (Lonicerae japonicae Flos) B Ay “i #ff &7 2%, IR G BLAF 50 IE 55 2
&AW EH LB B EE RS AEFFREOATF B REE, 2L FAE S RK A %E
. ZXERRASRILE MR LB B 135 MR S fe 5Bl R4 T % e e A 6 AE T I
K, A F BT eI RIACEAUE I R AR R G AL A .
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Research Progress on the Effects of the Active Components
of Lonicerae Japonicae Flos on Cancer Cell Apoptosis

LIU Yu, SUN Boyu, LAN Tian, TSENG Yiider*
(Innovation Research Institute of Traditional Chinese Medicine, Shandong University of Traditional Chinese Medicine, Jinan 250355, China)

Abstract Regular cancer therapies, such as chemotherapy, radiotherapy and immunosuppressants,
often give rise to severe immunotoxicity and increased infection risks; hence, alternative therapeutic regimens
with enhanced safety profiles and proven efficacy are urgently demanded. As apoptosis remains a critical
mechanistic hallmark for evaluating anticancer drug effectiveness, current studies often focus on a few isolated
signaling pathways, including PI3K/AKT (phosphatidylinositol 3-kinase/protein kinase B) and MAPK (mitogen-
activated protein kinase). As a result, these evaluations usually fail to provide a multi-pathway crosstalk view
for pharmacology. Since LJF (Lonicerae japonicae Flos) contains abundant bioactive flavonoids and organic
acids with apoptosis induction capacity in various cancer cells, this article comprehensively summarizes recent
progress regarding LJF active components in regulating cancer cell apoptosis via multi-dimensional signaling
networks and multi-target synergistic interventions here. This work aims to provide a systematic perspective to
support the clinical translation of LJF-derived small molecules and the further exploration of their anticancer
mechanisms.
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Pt 7 T A2 2 21 (World Health Organization,
WHO)&i it , #E BN 6T N S M B 1) 32 B0
BIRA N2 — N BT 5B Ao M, AL
I7 & H ATl RV TT 1) 3 205 2, SR, AT 25
PARE NCES E §n Wta SN 17 27 = P R L A T
R KRR GERRIER . Bk, ST TR
R KR R AR R P 245 B 98 i PR PT 7 ) B 2277 ) o
g h 2R e v T 52 PEi DL R 24 B
W ERE R, LEIR IR FE AL 58T 25T R 4nek fee L
R RS 7. Bl AR G i VR TT AL
FIHRNTRTT, SR T (apoptosis) T i 12 A FE At
FH PR B 25 A O FR bR P

4H34% (Lonicerae japonicae Flos)#& H 24 FHE
Y 4 (Lonicera japonica Thunb.) 4¢3 85 4] I
MAET M i, P XAE P E 2R, R
b5 PRk G il AR " Th RN & 2 & [F) Y5
IR 250, SARAE S A R & M AEYE Y B, FEI
BAEM YIRS thoh, EWMIGE B G IE. HAR.
TUWEE. PrEAL. BUBEIRRE . DRI DRAPO M
KA Z Gt G oRHLAR G % T e A0 e I i =5 24 2
TERI B AL, ASCIE R 7R H B 1] (China National
Knowledge Infrastructure, CNKI). /j75+ PubMed.
Google Scholar. Web of Science%s H15& 3 5 5 i
i) H 20165 20254F[A] AR 1 SCHR , IR S RAE
BA RS RAERMEABr (B D), 5 S
e A LR T 1 23 -7 LA AH O B 2R R 1, g AR
e AL 3-8 (phosphatidylinositol 3-kinase, PI3K)/
5 ¥ B(protein kinase B, AKT). 2% JF G L
¥ (mitogen-activated protein kinase, MAPK).
&5 5 5 % L0 R 7 3(signal transducer and
activator of transcription 3, STAT3). %A E24H
XK [AF 2(nuclear factor erythroid 2-related factor
2, Nrf2)/Kelch#f ECHICHK 2 H 1(Kelch-like ECH-
associated protein 1, Keapl). Ca®"fllmicroRNA%5 3
AT AT AR

1 EREZRTEAR

RS AL B SR 4 e ) 750 ) e 780 2 it
FES IR T SRR B, (HIE T SR BRI G 35
P RS TR 2 6 0 ORI T, 1 — B TF
R RO B 7 T SR 7 R R
S p B A PR A, S ERAER <%

D4y 4k R R (chlorogenic acid)IHT IR /E H .48
% P 20 P SE Y TR A5 250 E , H B A MURF B A AR
#o LASN(— P sk IR IR 1 vh 25 52 07 ) v [ i) [ Bir
AR R R I (receptor tyrosine kinase, RTK)-£2%4
JE G AL 2R B (MAPK/ERK kinase, MEK)-4H
o4 5 U 15 B (extracellular signal-regulated ki-
nase, ERK)F1#%[A-F-xB(nuclear factor-kB, NF-kB){&
I, ML EA R HCT116. HCTISFIZNR
225 e A L CT26 (148 i LA B 45 e S et e, 3%
W) 2 J IR 2 <o R A 5 vh 24 R SR T R R SR B A
RLRar ™o Fiak, M 25 BB ST RS, AN [ i B
H RG] (2 R0Z OB LSRR 9 )
X S /N2 P 200 L AS 49T 5 i 44 i MG CRO-3 [ 411
i FH 2 T BT A SMMC-7721, #2724k IR IR
(R0 IR A FH AT I Sl () e 3R e 1P

AT B — V5 Mgy, SR AR S IR U I s L
2 1847 W IR P AR ORISR U R RS . e,
PLFS T (rutin). A B HAF (luteolin-7-O-glucoside) N
AR B & AR TR B 2 15 PR 2 25l ol 4% AK T/ B
#% 2 MU 5K [ (mechanistic target of rapamycin, mTOR)+
ERK A1 Keap1/Nrf2/4it S8 A [ B 76 14 (antioxidant
response element, ARE){E ‘5 4%, A X% S gl
Jfi HepG2. SMMC-7721 &A=& T, Bk i 401 e 41
REAERG T 7, GRAE 2 By R IR I AT U AKT
155 IS IE M, [FIRHSGE Caspasedd T2k e B, 18
Tk 2R R A PR P R T B A T AS493E /N A 0 i e
M TP TSR KR K R 2 R
EVERRL, A B B RIFR YA AT R
PEUA K KBRS, =305 5 HeLa = 21U
MR T, XN EARTEIEYE R 5 ARG B
F T Iieg R va o7 44t OB B R T, Ak, ST
WiE v] 5068 767 e AE W R B MR RO8E, — 3
P IR0 PKCSAE 5 707, i sl i e 4 g CH27 2k
R T 38 g0

2 SRTEMRS SNBSS BLLA
HZ K ALK AR EoR, BT 308
Y T TR AR T R AEAE F DB A, B RS E N 4 B
IR JR G0 7> B v] e & 1% 240 B AR S VE LG
BRI, AR SCR G ik IR R . MIHERR (caffeic acid).
ARBHAF. M &K (quercetin). AR HZE (luteolin)
AT A S R AR N LB 5 5 i A L O T2 160 0
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BUH , & R SR 200 BT 102 Bk 6 s 75 4
WEPH G R ERNEENEER. H, )7
PR B 32 B DA GRAE €435 32 (high performance
liquid chromatography, HPLC). #8 5 %0 AH i
7 (ultra performance liquid chromatography, UPLC)
FHAH i )5 1156 (liquid chromatography-mass
spectrometry, LC-MS)MT51) & & AN T2.5%23.0%
Z A3 7 T (0.039%~0.117 %)\ 14:19:22-2426-300
AR EH (0.011%~0.088%0)! 141719212931 oK FREL 8 (2
0.011%~0.013%)H*!19-21:242631321 - gl HERR (0.006 6%~
0.016 6%)*">***8IFIH} 5 25 (£ 0.004%)" Vi) £ &5
o PRI, 6 i B A e N R SRR > T >R R
BT ~OK R R IR >4 B R, & A U
1o BSRANRIRIN 77 ik A BB g AT i 5, 5% 1oy
BRI FFE R P — 5. LRl An, S48 DL IR IR
NERREY), JFAH L2 M R b FE L, 93253k

Yol it Fe SR A 1 AR N ALK, WK

3 WEATIERE

S L ) T3 AR W] 40 Dy AR (BRI o A
AR (BET 2R )R T2, HH Caspases S ik &5 [ )i 21
FIPAT . HHr, Caspase-8F1 Caspase-973- il & FMEPE
T PA Y I A R T R B, BT Y Cas-
pase-3fl Caspase-7H# AT 85 [1 5%, Caspase-3[1idi 1k /&
YR IE TR AR A S A
3.1 WIEMET

YR H T2 7 52 Bel -2 3 R ARG 25 1%, 1%
KGR DB vT 43 NPT T8 H (Bel-2. Bel-xL.
Mel-1%5) 52 T8 [ (Bax. Bak) B K28, b2 &
PRI T~ S B e 4 B T i B

WIEPE I TG T DNARG . S0 N 8 &5
¥ S IBH3-only 2 [1(Bid. Bim.PUMA . NOXA %)

Chlorogenic acid Caffeic acid Quercetin Luteolin-7-O-glucoside Luteolin
HOO OH " \O Ho i OH
Yol ED sen oy
HOD/\/LO OH HO O I
HO OH Ho ). O OH Ho OH o
Bl RIEDMIFMM S E RGN
Fig.1 Basic structures of six active components in LJF
R 6FEMR A ESREPHISELLH
Table 1 Contents and proportions of six active components in LJF
o /%
s Ziefj/% BH R
Component References
HPLC UPLC LC-MS
Chlorogenic acid 29176 3.040 7 2.5217° [13-25]
4528 6"
Caffeic acid 0.009 4 0.016 6 0.006 6° [21-22,24,28]
0.029 1°
Luteolin-7-O-glucoside 0.087 7 0.063 4 0.010 6° [13-14,17-19,21-29,31]
0.069 9°
0.051 7¢
Rutin 0.116 8 0.108 9 0.039 1° [13-14,19,22-24,26-30]
0.0572°
0.061 7¢
Luteolin 0.011 2 — 0.013 3" [14,19,21,24,26,31-32]
Quercetin 0.004 3 — — [19,31]

LC-MSH ¥ i UPLC-TSQ-MS®. UFLC-QTRAP-MS® . UPLC-MS/MS* = Flifi RV 5. —: RiE I,
The LC-MS data were generated using three technical platforms, namely UPLC-TSQ-MS?, UFLC-QTRAP-MS", and UPLC-MS/MS‘. —: not mentioned.
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Fik Bif, Horb Bim3a 145 Bel-2, BOFBOS
Bax. LI Bax ik NZKLIA SN 5 Bak 4 &, 5%
EHAL, 5l R 2Rk A1 38 3% 4k (mitochondrial
outer membrane permeabilization, MOMP). £
Fi A 5 HL A7 (mitochondrial membrane potential,
MMP) T [ DL 41 g £ 2% C(cytochrome C, Cyto-
C)5 SMAC/DIABLOR . HH, Cyto-CHJ [F] 2
Ji P 6] Apaf1 25 (1 A0 dATPZH 25 1 BRI T4k, kT ik
T T2 A B 1 Caspase-9; SMAC U5 T - #i #1
% [ (inhibitor of apoptosis proteins, IAPs)Z ik ——
IAP1/2F1 XIAP, fif I xf Caspase-9RI ], WAL
Caspase-93t — 1) #|J4E Caspase-3F1 Caspase-7,
B TR A, W20,
3.2 SMNEMBATIRRE

ARSI TSR I SE T AR (FasL .
TNF-0.. TRAILEE )45 & 4 52 1 6 B R AR T 52 A4
(Fas. TNFR. DRS5%)J33)), b5 2R 50 ERE A

Extrinsic pathway

&

FasL/Fas, TNF-o/TNFR,
TRAIL/DRS5

¢FLIP 7 = &

FADD

Pro Caspase-8 l

l Bim <1-QBc1-2—»§7)Bax

Casp

Caspase-3/7

SMAC/
DIABLO

FADD. cFLIPsi 5 Pro-Caspase-841%%, £ AAET
FERESEAY . LE YR ffiCaspase-85E R A~
B UIEI AL, T4 Caspase-8— J7 [H] B H: 0
Caspase-3fll Caspase-7, BY VI 5K (ADP-# 0 ) R A i
[Poly (ADP-ribose) polymerase, PARP{# 23, BH
HDNAES; 55— J5 T Bid/K i 9tBid, 2E pfBid
WG AT 22 28 R AR Bax, PAILAZIRANEME . IR PE
PSRRI T I i, DL P20

4 HTHEXIETISER

IAPs/ & Caspasesfix B #% 1 _FiiF 38 K 7.
BRUbZ Ah, I 2 25615 = il i BB 1 5 B B R
82 % A 9% e S AL 1 1R B 3K, % Bel -2 5K A
Caspasesiif 114 5 41 ML T2 B700 AR 998 1 4% 2%
N2 TR AR SR AF S 3 B 23 R R TSR TR
Hdr, p53. MAPK[E 4 p38 22 24 5l ik 1k 55 (1 W il
(p38 mitogen-activated protein kinase, p38 MAPK) A

Intrinsic pathway

DNA damage, ER stress, hypoxia and metabolic stress

BH3-only: Bim, Bid, PUMA and NOXA...

.
.
S
s
.
.
3
.
0
o
.
.

XIAP/c-1AP1/2

g |

—

Apoptosis

A
% dATP/ATP
—>@Apaill®——>
Cyto-C
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Caspase-9

J

Caspase-3/7

[E2 HiCaspaselBIZHIRIRMEFMINRIEAT REE

Fig.2 Schematic illustration of Caspase-mediated intrinsic and extrinsic apoptotic pathways
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c-JunZ FE A v P 1/2(c-Jun N-terminal kinase 1/2,
INK1/2)]. Ca* %A microRNA M 1A% 457 |
W Caspasesl, N Bel-2 5 i B A 315, i3E i (2 2k 4H
MO T . 177 PIBK/AK T HE X L HE S 11 O1(forkhead
box protein O1, FOXO1). NF-kBMImTOR]. STAT3
HINrf2/Keap1 545 5 il % 1] #1i] Caspasesik. [
W Bel-2558 0 2 1 W R IR S rgn g - . Horp
ERK 172 B4 X ARt , fEA R MY 5 F ol
SRR T B TR .

5 SR KIFEHIRR7IFE SRR TS

AR SCAE XS G ARG S L4 B e ot 7 11 B i
b, RGERAR R 1R W 2SS LR 288 T 1
S3 0T M T AH O S B R AR AR, HEOR T
T IR R 1 et R AR PE AL o

S AR AC T P R Ay a8 e SO R A TS S I i AN
R PTTAE S, . B BN
i ZBAMEFLIME K 2R R RGN
YL R B E R T RN . P, KRR R
DL p53. p38 MAPK A INKIE IS A% L, [0
HINF-kB. FOXO1H1STAT3{5 5B IR L T 5
O] A A7 B 0B VR 45 5 i R 2 0 B 0 TN %
4 LA microRNAFR WAL 4%, [FIBS Hip R4 AKTAA
NF-kBid #% ; /] F B microRNAA T (17 WLigE
FERIRFE TR 7, AR S E I BE p38 MAPKA!
INKAE 58 E, #0H] mTORAE 5 LA K& B HE S0 T’
i SEI = E IR TR A LR R 4 R
P D) 38 3 5 p38 MAPK Al pS3id 4%, #] ERK1/2.
AKTHINF-kBAE 5 188 I V42 9 40 M 0 T2 mhnmEfg 3= 22
T 3R 4 PN 25 KSR AR S P S ) Nrf2/Keap 1
W, PR AR = e o TR s M T, TR LR
20869,
5.1 SRIWFERSMOBATIEE
51.1 p53fe5a@sk R iE SO pS3M EE )
BEAE T 7 20 1 42 200 it I TR 24 56 8 1 91 6 DN A5 4%
BEAT W N, OIS B SR D REE R S K A E )
FHOG . pS3HIAKHE DNA 455 A% FE o i 4 i iz
Xt F MBS DNAB G, pS3 il ik Big T i 3 4] 1)
3 DABEL 40 B 5 1, 1233 DNAIB R ; 4 HfsAn]
BT, pS3ME Mt R TR R A SRR
ik, BB NIRTER TR 7 LA B R A 70 Ak,
TEEA MRS T, pS3 A # ATM/ATR & B 2

BOE , AR LKA S Bel- 2K REAMEAEN, §
FH MOMP/K V- [ T} 1 Al Cyto-C I, MITTEGE N
PEPETE TR,

PN R Y EPR IS I A= TP GiBO R eR TN
JiE 20 M HepG2 1 p5338 4% , {2 K f& 4 Bax/Bel-2%
F1 B A7) 2 1887 T i P YR R T YL A e 40
Huh-7H7, K 3 80 2300 b $E 0] AKT UG, A%
MDM2E FU AL 0 , FasE s pS3 s E ,
AT BN, EiH BH3-only % it PMAIPI. BBC3%%
FEPRIFRIA B, i 0 T AR /N s, A RR B R AR AT
AT ASA9YH i AL HE HA604H i F /) BB 7Y
miR-34a-SpfIRIE, FHIMDMAIE 1, MR
X TP 31 G e 4], 3 10 Sty P 0P R T 3 1 100
Btz Ah, Mtz 2 AT i\ DNA XU e 45 1), B8
TETPS35EH, BEii e i #O L R BAXH: S FIEI 2, 15
Swiss albino/)> i A1 Nalm6 A 1 ik B2 41 Ho 7 1995 41
Mg T, WL 380,

B R N AT A, AR A I R 8 I 2 R
Mo ZRERI T, AR EpS3N SRR T2
¥ o ARG BB 2 R o3 Tl I =P AR O
P33 ST RN o, I Hp ) AR R B Y
A1 B AU #A2(mouse double minute 2, MDM2)#] i
P, fEBRIEAF 0pS3EE Iz RALPEE, $Emps3&E A
fofasE Mk, ok, AT 3841 BB FMDM4 5 p53 TAD
SERIR I SE A, KR TPS3IIEE R ThRE; BEAk, BB i%
PERCS AT AE Y DNASSATI 7, W0 TPS 3R PR 1 428 1 B
WOERS, 5 SR T, 3.
512 MAPKfZ5i@s  MAPKI#EACE AE
£ p38 MAPK. INKFIERKZEW %, H:/p38 MAPK
AINK = ZiE N F RS FMMERE T,
ERK U2 3 H 2R 35 40 8 P 1 X0 1) P 5 KR AR o iR
TR B8 R 48 R DR - 55 TR 75 5 4 PR A ) o AR
(reactive oxygen species, ROS), A AL IIHMAP3Ks
H ) ASK, (48 H M 14-3-3 28 (3 i3 s 4 45 & vp i
B WA ASK U I I MAP2KsH [ MKK3/6
HMIMKKA4/7, 73 BB 5t B p38 MAPKA
INK /27730, b 3 9 8 g ) s vl it — 20 5 &
ROSF=E, JE R IE IR B LARF S ORI 215 517,

SRIEFRIARBE R, W R, REBEL,
£ L ) | el O Wl N [ A N i
2 RN TR A Y8 IT B 7 58 OB IE S 0] RS 1 B
p38 MAPK. JNK & ERKZE 4§ 1, 78 2 Pk



K5 S HRAENS PR 0 5 S A L T 15 5 P 26 L 2075
R2 SRWIBMR I RAMA TR FHLE
Table 2 Molecular mechanisms of active components from LJF in regulating apoptosis of cancer cells
D%y g e 1ML 273k
Component Cancer type Model Mechanism of action Reference
Luteolin Liver cancer HepG2 Activates p53 pathway, upregulates Bax/Bcl-2 ratio [38]
Huh-7 Targeted inhibition of AKT1, dephosphorylation and [39]
inactivation of MDM2 to activate p53, upregulating NOXA
and PUMA
Targeted inhibition of AKT1, dephosphorylation and
activation of FOXO1, upregulating TRAIL
Targeted inhibition of AKT1, inhibition of IKKs/IkB,
activation of NF-kB p65, upregulating Bcl-XL and Bcl-2
Targeted inhibition of Src/STAT3, downregulating Bel-xL,
Mcl-1, and Survivin
NSCLC (non-small cell A549, H460 Epigenetically regulates miR-34a-5p/MDM4/p53 pathway, [40]
lung cancer) H460 xenograft mice upregulates Bax/Bcl-2 ratio
NCI-H460, H1299 Activates p38 MAPK pathway, downregulates Bcl-2, [41]
and BALB/c nude upregulates Caspase-3, -8, -9 protein expression
mice
Esophageal cancer EC109, TE-1 Activates ASK1/MKK4/INK pathway, upregulates Bax, [42]
Bcl-2, NOXA, Caspase-3 and Caspase-9 protein expression
Gastric cancer HGC27, SGC7901/ Inhibits HSP90/STAT3/SHP-1 pathway, downregulates [43]
DDP Mcl-1, Survivin, and Bcl-xL expression
Quercetin Melanoma A375SM Activates INK/p38 MAPK/ERK /2 signaling pathway, [44]
nude mice upregulates Bax and downregulates Bcl-2
SK-MEL-28, G-361 Downregulates GM3 and GD3 expression, inhibits FAK/ [45]
paxillin/AKT signaling, upregulates Bax/Bcl-2 ratio
Choriocarcinoma JAR, JEG3 Inhibits PI3K/AKT/mTOR pathway, downregulates [46]
p-P70S6K and c-FLIP; activates p38 MAPK/INK and
ERK1/2 pathways, upregulates p-P9ORSK and ROS levels
Primary effusion lym- BC3, CBL1, BCl1 Inhibits INK/STAT3 pathway, downregulates IL-6 and [47]
phoma IL-10; inhibits PI3K/AKT/mTOR, downregulates c-FLIP
Meningioma HBL-52 Upregulates miR-197, inhibits /GFBPS transcription, [48]
disrupts Bax/Bcl-2 balance
Gastric cancer AGS-cyr6l Inhibits CYR61/NF-kB p65/MRP1 pathway, downregulates ~ [49]
MRP1, upregulates Caspase-9, -7, -3
Human acute lympho- Nalm6 Activates p53 pathway, upregulates Bax expression [50]
blastic leukemia Swiss albino mice
Liver cancer MHCC97H Activates Cyto-C/Caspases pathway [51]
Rutin Pancreatic cancer PANC-1, SW1990 and  Upregulates miR-877-3p, inhibits BCL2 mRNA, upregulates  [52]
MIA PaCa-2 Caspase-3, -8, -9
Cervical cancer SiHa Inhibits COPS5 mRNA transcription and translation, [53]
upregulates Bax/Bcl-2 ratio, promotes Cyto-C, Caspase-9
and Caspase-3 expression
HeLa, Caski Activates Caspases pathway, upregulates ROS levels [54-55]
Rutin-LCNs Lung adenocarcinoma A549 Mechanism not elucidated [56]
Luteoloside Cervical cancer HeLa Activates the p38 MAPK/JINK pathway, increases p53 [57]
protein level to upregulate Bax and Fas and downregulate
Bcl-2; inhibits the PI3K/AKT/mTOR pathway
Nasopharyngeal carci- NPC-039, NPC-BM Inhibits AKT signaling, upregulates Bax, DRS, Fas, and [58]
noma TNFR, downregulates Bcl-2 and Bel-xL
Chlorogenic NSCLC A549 Activates p38 MAPK and JNK pathways, upregulates Bax [59]

acid
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Component Cancer type Model Mechanism of action Reference
Melanoma U208, MG-63 Inhibits ERK1/2 signaling pathway [60]
TNBC (triple-negative MDA-MB-231, MCF-  Inhibits IKKs/IxBa/NF-kB p65 pathway, downregulates p-IkBa  [61]
breast cancer) 7 and suppresses the transcriptional activity of NF-kB p65
BALB/c mice [62]
MDA-MB-231, [63]
MDA-MB-453 and
4T1
Liver cancer HepG2, Huh-7 Inhibits non-canonical NF-kB pathway, downregulates [64]
BIRC3/TRAF1 complex, suppresses the transcriptional
activity of RelB/NF-«kB2 p52, upregulates PUMA and Bax
CACNs Thyroid cancer BCPAP Upregulates ROS levels, inhibits KRAS/BRAF/MEK1/ERK  [65]
BALB/c nude mice pathway
Caffeic acid Chronic myeloid leuke- K562 Upregulates Ca** concentration, activates TG2 [66]
mia
Gastric cancer SCM1 Activates GPCR/PLC/Ca* and PKC, leading to [67]
mitochondrial and cytosolic Ca** overload
Ovarian cancer A2780 Inhibits GST and GSR expression, upregulates Caspase-3 [68]
Melanoma SK-Mel-28 Upregulates Caspase-1, -3, -8 expression [69]

Extracellular
Luteolin]
Luteolin|
l AKT
miR-34a-5p
®
® MDM2 R
MDM2 > > =
Q p53
s ATM/ATR
kinases
Bel- 2 Bax
\
Cytoplasm :
__________________________ e e e e e e
Nucleus :
Target genes .
BAX, PMAIP1, BBC3
ihe e i mRNA
@Ubiquitination 4PUpregulation  —> Activition | Active componets

®Phosphorylation @Downregulation ——i Inhibition --» Transcription and translation
» Pathways without pharmacological intervention or validaticon

E3 KREERFME RIFEpSIESBBIRAT S FHLHIE

Fig.3 Molecular mechanism of p53 pathway-mediated apoptosis induced by quercetin and luteolin
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iR A 2R I 4% MAPK Ik S ., 8 93 i 8 4 A Y
(15 5 P 5 SR F LT . Flin, £ Rt
NCI-H46041 il ) BALB/c# FR A5 DL K NCI-H460 1
H1299 P 24 Jf (19 4 AR SER h| OK J 2 2 0 Ach B G
4 HL B4R 5T (lonizing radiation, IR) ] ER AL % p38
MAPK{E Fi@ s, &3 FIHROS/KF, FIfBcl-2/f13%
ik, 3T fik & Caspase-3/8/9 15k SN, 7] A 3E Y
PRI FNANE R E TR A WY, T /E EC10951 TE-1
TERAM T, AR E R S5 E LA R (paclitaxel)
1 [F 0% ASK 1/MKK4/INKE %, %55 ROS 4, 1F
= HJZ 1 i Bax. NOXA. Caspase-37ll Caspase-9
(2RI, (B 4 i R T2,

it i RE %S A375SM 2 28 41 L 11
AR N, TR I E p38 MAPK. ERK1/2f1
MKK4/7/INKAF 5l . H A INK 2 0% B AL s
JE R, A, LR NI ROEEA
1(activator protein 1, AP-1)E &% (H c-Jun/c-Fos
RO SO . ZE S Bax 3Rk, 11 %
K Bel-2 [ RIE K, S UG IR T 42 47,
IEAl AR B IR BT[] A O T 200 4 R Y p38
MAPKAIINKAE 5185, 15 1 p38 MAPKAITINK
N, NENE SR T b RMEE TPS 3 B 5%, |
W Bax Al Fasf 261k , 11 Bel-2 (215 4], M )
IS P YR R AR R T IR AR

EMAPK(E 5 M4, tHERK1/241p38 MAPK/
INKI# P A A7 SRR T 5 5 2 1M B Bh 25 P4l
EYRMfIE. EAEMRAS T, ERK1/2800E 5 T
i3t p9ORSK/CREB# {23t BCL2H: 5%, _F i Bel-2%547t
TR A RIE R AEE AT TS, Ak, ERK1/2
7 5 H] 1 i Ras-Raf-MEK 2] ¢ 2 SO0 , % oe 5
S SR EE T, AR 2 EOL T, ERK1/29E %52
B i) Slw s B O 2 B BUE AT I TP e 0
T 7 [ RS,

72 AR /N G0 R I A AS49d fn T, SRR S
SB20358055 4| 7K , 7R A 383k 2. 35 14 i 48 fi
ROSH RIS p38 MAPKAT INKAE 5@, #kim b
VA BAXIP) ks DR i SR 30 1 s R B W A4 A ek 0 12 B
TTAEH PJRE 4 ] U20S AT MG-63 1, 4452 5 doxoru-
bicinif A 40 ERK 1/2 (R B A0 0, 19 94 i
P RUENE s PRI T8 A2 0, kAT,
2% DR TR 2 38 3 2 08 1 5 B A A7 O AL ) B T K il
SR IR T 28USE

UBAh, £ JARMI JEG3 2K B s 4 e v, i 5

T 0] [F] 0% p38 MAPK . INKFI ERKGHE # DL &
ERK i ) p9ORSKIH A , [F] i 2% i ROS/K,
TS S0 AR T 149, C ACN s (0, Z Wil 7 F) i 4
Kopiynldnk i BCPAPR 7 Ak FUIR IR fs 40 B & R i)
ROS/K-, 175 F AL, 1Tl MMPIT U IR
PEJE T8 4%; [ R HKRAS/BRAF/MEK 1/ERK 1/2i
PEAHSCHT I RIA , NI 40081 40 48 B 1 s 4 e o
T2, W40,
513 455 TRE ST (Ca)fadx 4e ki
FIEAEEEART S ATPA R TR 4l
MoE QA BT Re A B OCH EAEH . sz
B2 NG I T B4R B N AR Ca> P AT 2R L,
AT fit 5 240 PR 9 1 P 20 S

TEASME 5 AR SRR T-ALH 7 10, WnHERR T
T T P 2 L A A B R B P B A S
SRR T LAB A SCMLUAE], MR 5
YHHAR I G B2 7K(G protein-coupled recep-
tor, GPCR)Z %, Ui R iz B C(phospholipase C,
PLC), 4=l =B R WLEE (inositol 1,4,5-trisphosphate,
IP3), AT S5 P95 I — 2R br ik 2 (8] 1) Ca* 518, 7
LR RIAR N Ca2 B3, LTI & MMP 5t , Zp0
A3 3% 11 ¥ # £l (mitochondrial permeability transi-
tion pore, mPTP) i, B Cyto-CHEAR (S 5 1M
fik 5 VR PR TO IR AR . N T A IR | TIPSR 4k
T A A0 E )RR AR B B 1 1 (voltage-
dependent anion channel 1, VDAC1). % % bl i 15 25
I175(glucose-regulated protein 75, GRP75) 1t N Jiii % —
LR LA 45 44 A8 B (mitochondria-associated membranes,
MAMSs)JE it 4 2640, Sl T N 5 4k ik i
JEEIE] ) Ca*' 1518, Bl J5 Ca® & 28 W AARE B ) i 1s
(mitochondrial calcium uniporter, MCU)# ¥4 12 42 2k i
AR 5T 75500, i MR R N T T S W A B RS A
(calcium-sensing receptor, CaSR), i 7 ) 85 (134
FC(protein kinase C, PKC) & AE BEBR (LI, LIS 4
FROIE b5 B IEE FT T, Ca® Wi o, ki gl &M
R NS RE R RIS, 1A PKC T #6062 2R KA, 75
T MMP T [T 51 A2 AE T 75, Ak, kg it
AT ELRE R NS AL A 1 L 40 B ) Ca” TR
T 2H 2B 3 45 I B 2(tissue transglutaminase
type 2, TG2), MIMEFEROSI AR, 5 2z Caspase
IR L, 175 AR T, L5,
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Fig.4 Molecular mechanism of pro-apoptotic effects mediated by luteolin, quercetin, luteolin-7-O-glucoside, chlorogenic acid

and caffeic acid components via MAPK signaling pathway activation
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e i AT 9 2R A 0 0 Y 4% microRNA B mRNA /K
A PRI T, ) W2 T miR-34a-5p« miR-197
HImiR-877-3p%%, LA AN LI T-AH 5% 1) Jundif 1k 5%
454 % 1 1(Jun activation domain-binding protein 1,
Jabl, Zmfi 3£ K| COPS5) mRNA®Y,

SHRAETIARRER., WEER. 2 TERS,

E 22 Foft o8 452 8 m gl i SICm] e sk oG o B ) o 2 )
microRNAB mRNAKIA | T Bel-25 )% £& 1 11
K FREANMI . HTFUR Y], miR-34am il 1L #E
i) MDM4 mRNA#RE T 1177 5] S24E (open reading
frame, ORF) A ) 8-merll i, {23 MDM4 mRNA [%fi%
H BRI ER B, BET AR ER MDM4XT TPS 3% 5%
], BoE pS3 MR I TSR B BN, fEAE/ AR
o it £ A AR 2R AT 2 A HAG60 4 i 1 /N BRABE AR v R
R A H 4% i miR-34a-5pHI ik, %] MDM4
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Fig.5 Molecular mechanism of caffeic acid in regulating Ca** homeostasis to promote apoptosis

RIS, AT ARRR MDMAXT TPS3 a6 e d/ER , -
i Bax/Bel-2 85 [ ELAF) LA PO T (LI L 5.1.1
B, RN R 40 HBL-52, #i 2 2] - ifmiR-
197/IFRIE , ELAEEE M IR & WA AR KN 45 A
I 5(insulin-like growth factor-binding protein 5, IGFBPS)
(10 ORI R, 0TI 2R PR T8 42 B9, thdh,
AF FTUE SEAE IE 550 UL 20 i i 22348 miR-877-3p, W]
B ) ) BCL2(P) e s AR 1%, AT 15 5O L2 AR
T3, TR TR T e 40 i PANC-1. SW1990
FIMIA PaCa-2if, FIFER]_EifmiR-877-3pHIRIE, J5
F E M) BCL2 mRNAFEFI ) B 128, 30 oS
Caspase-8/3/9Z 1 e b7, 75 FANRIAT-5, BRItz 4h,
JabI B R IR IB KPR S T IEF AL, fil
ik COPS57] 58t Bax & 1A L, Bel-23RiA i, M
PR T M, DRk, 7F SiHa ¥ 5 S0k 41 i o
T A T i COPSS mRNAK#: 5/KF, {2k ki
P TH Bax/Bel -2 25 1 HLAg) 3, A 5 3l Cyto-C/
Caspase-9/3 42 4R MIFE PP LI T, WL El6,

52 SWRWFHERSIER. (RATES B
52.1 PBK/AKTz5idis4  {EIEH 264 T, PBK/AKTIH %

S RE S (2 BRI AR A7, SRPUAH ML T B AR TE
WUEE4,5- %2 (phosphatidylinositol 4,5-bisphosphate,
PIP2)7E PISK HIAE T B A A el i I JUL I 3,4, 5-
— R (phosphatidylinositol 3,4,5-trisphosphate, PIP3),
W% AKTLL Y FI#H FOXO1. NF-xB. mTOR%%
2 FRE SORAM G0 PR TR GE R A A A . IR AL,
FRZE AT HE (gangliosides) GD3AT GM3 7 if M ik
IHAKT.

522 FOXOlz5i@%%  FOXOIR #iH L AKTL
B AR IS, 114-3-3F A flip-FOXO1 K 4EiZ
FALBEAR, PRARILEL G M, AT 00 40 R T 7,
4 PI3K/AKTAE 5 i i 4 #0 5 FOXO 1 4k 7 7E 2%
BERRACARASHS , FOXO1 R # AL N %, AT E i BH3-
only 25 [ BimfISE T2 %244 TRAIL & FasL%% 1)K ik,
SRR TS . TR B, AR B 50 I ] 17
Huh-740 i AKT RIS E, R FOXO1 R A4 25
IR AL, 2 T (i AR A7 I FIRTRAILHIERIE, B
TR TR, W7,

523 NF«xBfz5i#%  NF-«xBHIIE1L5Z PI3BK/AKT/
IKK/#% [R-¥«BHI#1] 2 [ (inhibitor-k binding protein, IkB)
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Fig.6 Molecular mechanism of epigenetic pro-apoptotic regulation by quercetin and rutin
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N Bel-2 M Bel-x LA [ 228 7K~ FEAIK, AT H 55 21
MM TR /1. B AR T E LB A NS S
[%]-¥-61(cysteine-rich angiogenic inducer 61, CYR61)
L RIEHIAGS-cyr61 BT 241 &2, CYR61W]
Yt bR A RS AT L NF-kB p65#; 3i
T, feidt 2 251 25 #H 98 ) 1(multidrug resistance-
associated protein 1, MRP1)f{14mfit3E K ABCCI 5%
S, W R A i 25 P, IR SR A B R BT T
7. Mtk Z @ I CYR61/NF-xB p65id
%, T MRP1AINF-kB p65% [ 131k, Milnigifs

CYRG61/ T M2 Zjifef 2514 , I#0% Caspase-9/7/3 4% Hk
S SE [ PR R T AR

23 J5L IR WUDRE A [F) o 289 40 . 1) NF-xBAS 518
BAXCEWIE/ER - —J7 tHiEa # i) IKK/IkBa/NF-
kB p654: #iLiE %, BT MDA-mb-231. MDA-mb-453
AN AT 1FL R 41 A NF-xB p65 IR AT, (et 4 iy
T 03l Gy — 7 T DU e i 41 HepG2 A1 Huh-741 i
R A ) T4 1) 25 [ 2(cellular inhibitor of apoptosis
protein 2, cIAP2)/MIBIRFE K ¥ 32 A& AH C K 1(TNF
receptor-associated factor 1, TRAF1)E &R IA, [H
W NF-kB 5 Jk 2 4 p52/RelB - BAK KR8 4, Ei
BBC3M BAXFE [N ({1335, M5 3 LR AR I - 4
FEAF 2 #ENF-xBA5 5B BK 205 _E 0 TNFRjE X
SRS G, 175 5 L TRAF/CIAP2E A VR4 ik,
LIS N B NF-xBi75 5 3l (NF-kB-inducing kinase,
NIK) & E AR R IS4, W0 T KK ol iy, f5 7
Xf plOO/Rel BRI BEAT BEER A AZ M, 1753 p100iZ AL
PN, BT R pS2/RelB AR, SR, I
IR 17 A AE 2% R R 175 3 JH e 240 L 1Y A S F 9 rh ¢
ANRDT
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524 mTOR(EHidE%s  {ERMRIIMIREEH, PIBK/AKT
3 B P 5 8 M U v S B mTORE 53 EE iRk, 1
iR AN A . V54 I mTOR(R p-mTOR )i
T R A S A% B AR B ) S6UELR B-1(ribosomal pro-
tein S6 kinase B-1, S6K1, M HRp70S6K) A% fiE 4 & 1
S6(ribosomal protein S6, RPS6), fii c-FLIPAE H il ik
T AR SE AAAE TN, 2 e FL P, T FELAS 40 B o
T2, 4EFFAAETE Y 24 mTOR/p70S6K/RPS6/5 5
Bl M, c-FLIP 2% 25 R A0 CRA T ook 4 e
S M TR Y B JE B

X — WL AT LE A R 2R TR B U8 7 R A
FIE I B (Kaposi’s sarcoma-associated herpesvirus,
KSHV)i#% S 1 BC3. BCBLIAIBC1 5 A& 5 H P
ELJ8 (primary effusion lymphoma, PEL)ZH i A5 72 44
PR, TMIEJARFIEG3 2L B A0 4, #i iz =75
Al @0 H] PIBK/AKT/mTORAE 5 1%, FHKIH FiiF
p70S6KFIRPS6 IR AL IS, 75 FMMPFFILAIROS
ACETE R, MBS PR T AR B T
I BEAIE mTORBERR ALK, 415 PI3K/AKT/mTORAE
S, T AR 5 12 30 % 6 g A ) 6 9 1
H, WIE757,
525 MZFEHME L EZ(ceramide, Cer)fE
IRFEAA P2 ST3IGALS A STSSIA 145 BB 14 77 A2 XL
e Y FR G D3 A FRLIE Vi FRGMI3PY 7 B (6 2R 4l il
GD3 1] =2 1A nT i 2E 3 5 BE I (focal adhesion ki-
nase, FAK)5p130Cas&h &, 4k i 2 {4 330 Paxillin,
B ZEU0E AKTHUIE T23d B, FH B B €2 22 989 400 e () 9
ToHEARER . M 2 nlid i FE IR ST3GALS A STSSIAL
(G, 930/ S 1 0 2R A P Hh GMI3 T GD3 (1) 3%
5B ] FAK/Paxillin/ AK T B, M T oS 28 Ak
T, W7,
52.6 STAT3{zZ5i@#&  STAT3H]H 40 Jis 2 [ 41
H A /A BBl 52 A48 55 1 Janus TR (Janus kinase,
JAK) Al A 924 ik 2 R B (sarcoma tyrosine kinase,
Sre) LIS . 1, 140/ 2 -6(interleukin-6,
IL-6)5 HAHRN Z AR 254, 75 5052 13 130(glycopro-
tein 130, gp130)J% IR — S Ak, A P Be 3 52
FRAL T JAK, B o5 HH p-JAKBEER 1k STAT3 | Tyr705
K7, T p-STAT3MY, p-STAT3i# i H: Src A JE
2(Src homology 2, SH2)Z5 38 iR 3F 456 o) — W I
1 STAT3 HAAR b 1 Tyr70547 /4, T B A seig
() RAKRC, eah RTKZ A K THS)E, K4

TIRAK, IRAE M A B Ty R B BERR A, 318 SH2
SEFIIAA S Sre, Sre RE G4 H SR L0, 75 ] i
TR AL STAT3 H Tyr 70547 509,

STAT3 M FFEGE v S EUR i 7 W 15l , 5
Z Pl R ik AN RS VA5G, R, 42
] 1] STAT3 % A6 C B BUR VR I I # i o B
B AR AE 7 B M A R JBR B2 A B 3R TR T A 1]
STAT3 L (m BE s AR H 1, A A FH T STAT3
(IFRFERIEA . BN, 75 PELAH AR HH e Rz 228 i 41 1)
JAK2/STAT35 5, FHLIE STAT3E L S5 k%564, i
BEAR IL-6 AT IL- 10554l A7 45 5 R RIBKF 7, gk
A, AR 2 0] H B A0 ] Sre/STAT3 (5 5 il %,
Nl Bel-xL. Mecl-11 SurvivinZ 2 A %14, {2
Huh-740 04 T B £ B J i 25 4H il 52 HGC27 A1
SGC7901/DDPHI, ACJR B2 ] ELL LS & STAT3 )
1B 2R 1 HSP9O, 121 p-STAT3 il 25 B ik, Bifi J5 SHP-1
5 p-STAT3% &, 58 p-STATI LR KT, ki
PG Caspase-3ZR P AT T-i& 152 W, {E N p-STAT3 -
RAEMEEE A, HSPOOMMU BB E K%, it
ARk AL B A7 5 T AE A A% N HSPOO TR AT 3 5it p-
STAT3¥; E () T RE, I8P
5.2.7 Keaplfz 53  Nrf2/Keaplfs 5K 2
WA e S SR E RS
OMRAPY, 754 BEARZS R, Keap1 7] /£ A Cullin 3-E3
2B IEERE SV R R WA, 8 45 A Nrf2
I P HZ ZAPREME, JERF N2 I IGRRRES P
MAERANBEORE N, Keapl &EABM G/ R K&
AR, FEINR2MR RS, J5 8 7R ML H AR E A7 AE, B
JE AL LN 5N T UL IR £T 4 PR 2 1 (small
musculoaponeurotic fibrosarcoma protein, sMaf)%h
GBI R, = RAES5 ARES: &, RSB
ik S- %2 I (glutathione S-transferase, GST)FIA it
H KL )5 B (glutathione reductase, GSR)%5 3 [K 5K
TR %, PSR A AL . R A AN A A2
&R T AR,

WA PR E LE W AT rh T R A E
FARSE I A w2 mI B2 45 5 ARG M E T
Keap1 45 (A 1) Pt 2 B2 7% £ (cysteine residue, Cys),
fff Keapl 5 Nrf2fi# 25, J5 & At N4ifet%, b
GSR. GSTHEH IR, MM 55 41 i i T A AL g
JIF AR LN 25 o 170 6 S 200 o ol D0 e o i
£l A RS B s O s e R e
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Fig.7 Molecular mechanisms by which luteolin, luteolin-7-O-glucoside, quercetin and chlorogenic acid inhibit the PI3K/AKT
survival signaling pathway and promote apoptosis
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Fig.9 Molecular mechanism of caffeic acid inhibiting the Nrf2/Keap1 signaling pathway to promote apoptosis
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