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Abstract: Theaflavins are a class of natural products extracted from black tea or green tea, with significant
anti-tumor effects on gastric cancer, liver cancer, breast cancer and other tumors. Theaflavins were once
considered as the new products for anticancer therapy. However, the anti-tumor mechanism of theaflavins
involves a variety of biological processes, and the regulation is complex. Therefore, this article summarizes
the role of theaflavins in promoting tumor cell apoptosis, inducing tumor cell mitotic arrest and regulating
tumor immunity, and reviews the inhibition of tumorigenesis and growth through MAPK, PI3K/AKT,
Hedgehog, NF-«kB, JAK/STAT and Wnt/B-Catenin signal pathways, in order to provide new ideas for cancer
treatment and anti-cancer drug development.
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TF1: Theaflavin; TF2A: Theaflavin-3-gallate;
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3,3'-digallate; TFDG: Theaflavin 3,3'-digallate;
NEO: Neotheaflavin; ISO: Isotheaflavin.
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theaflavins natural products



° 822 . ADYBBRG 381372022 F 5549452588 Cancer Res Prev Treat,2022,Vol.49,No.8

HICfE M110 pg/ml, 50 pg/ml TF1H120 pg/ml
EGCGIWA A HA B S f RAVEF, nT AL
T IEPI3K/AKf5F T i@ A AT, A LR AR T
GE N kA, AN 22 A R R G/ M B
TFsil i M LR p 1S FIp 18EE 11, il J&] 1A
EDL, D3FICDK4, CDK6, {4 J& 3 BH i
FGo. GHI™. LT, WH LMW TFDGH
JiJE 20 B A= T G, SR E s B i pS3Fp21
caspase-3 [ AL VE MR AN R PE T R &
B, TFBGH @ SHCBP1 5PLKIM4EE &,
TR A 220 %L, Sz Rt
A I B A AR R, ASE R R RLR
b B 2 B3 Ao T 200 ) 0 1 R B R R
TR R 2Rk, A A R R A AT, BELk
6 1) RS e A BB
2.3 RN GG I S e

o ZETR YT T8 A 8 2o B SR I g% R Gk
SEPUMIE e R, RIS RNRTT L E KR
SR O B EATT IR MR AN V% B PGE2
REVE FCDA+TA LM T, AL R 28 R &2
CD4+THH My A IL-23Z 14 I Jak-3/Stat-5 Af5 51 1,
FhEiBel-2/Bax HR , $& S e B E B 2 ),
NI G PGE2175 S (4 S e A R -1,

i BRTR, R R BALE Wl e U s
29 6 P P A R AR U T AR 8 e A AT
F 3 28 175 B e A RELIRT A 22 53 24 [R) 0 1 v
il e 2 M e, R LR, AR LA LI
PR A CDA+T 20t 114 3 24 T 7% v e e 2 A ol
Jioge 1 e o

3 FEZXRMUEVMNG MEHEREXNESER
3.1 MAPK. PI3K/AKT }Hedgehogifi %
MAPKG# B85 5 i ry B . ik, ik,
RVEFON S5 2R AR TR | RGBS, fUIEA 2253 245
ERK, IV HEINKFIp38=" . w5 & I TF2A
HHTMAPKH p38 . ErkFIINK& /2, MTF2BE
ZL3E i MAPK H Y Erka 42 175 5 41 I 07 7= F1 G S B
P, R X R 24 7 5P S A A K . Gao
PV DG & B, TF3iidERK
INKFIp3 83l {175 5 il SPC-A- 1 4 g i T, 3
I ERKFIINK B AR5 5 2 B i Eca- 10941 i i 1=,
T RXFP R T4 2 2230 T caspase-3 fllcaspase-9,
PUYR i R B8 05X FPE o Zhang % PH/N R
B16F 1040l ZERA T TF Ll 3 305 p5 3 FIINK
S DL A HIMEK/ERK AIPI3K/AK TS 54 5

PR ARBMIEN . X TARMEAME, 55
W2 KBRS [R] B MAPK B8 72 0 T e A 1 &
1, 17 35 41 o ek e 24 i 15 B - 448 RS 24 44 i
HRIIVERT

AKTIE 58 S E MM AAE M T rh i E 2
KRE SR, IETE B A JE 0 TR B R IR T A AR
] B 2L B Y. HalderSF PG KB, ReEAK
I o F0 ] Ak S 38 B A R A A, —
5 THIAS 8 2R R T W R AR 1 KA W Gsk-3B
21 5 BA B (ID 1 AICDK 2, 8 S Sk 3 5 R 1+ 1
(FOXO1 ) FMIp27mRiE K, H—HHEER
S H F PR TEE T (Hsp90 ) B3l duisi 55 1
AktfF5 . AR R KRR ¥ W RET
R AL HUR IR BEFE R g M T, BT
)7 X A 2R . [HPI3K/Akt/Badi@ #2150, &
BRI, (MTP ) £& . Mt 2 -cf
Jit flcaspase-3 Fllcaspase-9 LTS , DA Az 1o 4101 il
Ras/Raf/ERK 4 fip38MAPK /caspase-8/caspase-3
. A R ISR YA A RE I 35 ) Aktim
i Rl N i S R e R L b e O 123 A
MAPK# P& 75 g AL JE 1

frHedgehog (Hh) {553, Hedgehogfi
T AT SR LR b A B A7 {A Patched ( Pte)
F1Smoothened ( Smo ) 454, H Patched/ZH il
LR gt , Smoph B EER g, FEMAL NG
SRR 22— Gl %8 I 5RO SR 0k
A g R DIAISEY SurdERhE o B LR AF S
SIMEGCGHITF1R] Fi&Patchedfl T J&Smo. Glil
ek, YR IE R Cyclin D1, cMyc, #JZ
RT3 (EGFR) M3RA D& FIRE-$5%6 &
M55, Fit, 28K v E P filHedgehog( 51
% P A 0 TS R i A R AT 2R K O T 4 o) e

g ERrR, RERLERLK YA AT LU 1
MAPK . AKT. Hedgehog#$i~itll i 5 41 ffd U
T2, SN A A 22 53 S48 At B A iy 25 1> At A R
1, I resm Ak B A AIK AR, BG4 AR Y
PR
3.2 ASH R ZNF-BIE Sl B0 i g

NF-kBJjg —Ffe sk K+, fAaET S, Jf
B IkBES G0 o BERR 10 A Ik B R TR0 1Y — 2R K
NF-kB, NF-«Bik AAIIIZIF SENILR GG,
PR A KB, Adhikary 2P ST A PR TR R 2K
AEIE LG MpS 3B IR Ak, TR % 7% . E A
PUTIFE R B, TFsZAb G 2B InZekifAk o i



AYBBRG 832022 F 55494525887 Cancer Res Prev Treat,2022,Vol.49,No.8 * 823 .

A (ROS) , #ETMT5 Sp38MAPKA SpS31E15
22 IR, FESEERR 1L YpS3 S IKKBHI BAE
L Bl IBa SR A T 5% s - NF-«B A
¥, MTEMMP-2FHIMMP-93¢ 5k T [k T A 20
TSRS . IeAh, TFsL AT 38 o s/ D kBB R
LI S Akt FICox-211) 31k, Il s IRl NF-kB A
%, DA I B A 1y 2t b e o 1=
il R g B AR g8 B RTIR, AN T LUl i NF-
kB AR A T A ) e 2 e B (A
3.3 AR S REEAICHE S

JAK/STAT/E il i F 2 = 541 I 4 58 . 4>
b, PTG T A Y R, AT FR
B H T2 I A R A S R IR 5 T i A
JriEt ZEEFE AL AR E L HINF-«B, MAPKH)
WS FITNF-0, IL-1, IL-6fFAHE RIHT 2 /E ™,
R 2 A A 0 7 I R 2 3 0 i 92 10 1 44
L F-TGF-BHIIL-10, i i G053 40 i 43 S TIL-2 1
TNF-y™ 1 384 56 G 32 W W0 I sl 4 L 6 328 % 1 1
JHl. Bhattacharyya% KB, ZAH R KR =)
P 407 96 /0N FRURG bR B 40 B pS3 I Bax ik, i itk
Bel-2f0551k, P28 T Bel-2/Bax iy HUAE, i H e 4
It 4 5% Pk 8 40 B S 1 200 B R T 0 T A R ) B
REMBSE . RERF R YL IL-2 . IL-T52 KK
T JAK-3/STAT-5A (5 2%, FHEBel-2/Bax H%
PEHE T TANRMERAATE . BEFEA b, 358 T ARy
G WL 5 AR
3.4 ZEWEZWnt/p-Catenin{s 538 FE 1 M

Wnt/B-Cateninfs 5 i # 76 I8 19 & A4 .
KB KA R EAE AN, MWtk #E Z ik
Frizzled (Fzd) 454 )5, HALEGELE [ Disheveled
(Dsh) , BHIEB-Cateninf BRI, SFECKE
f)p-Catenin7E MBI N AR |, FFR I 4% N 5%
SR FTCF/LEFZS &, WG TCFE SETENE, AT
SRR FERY, PanF B IY & AT ZE TF3 W] 38
1 N iEB-Cateninfit) &35, I Wnt/B-Cateninfg 5
W, JEm R ELEF-1F1C-myc s [ /K R ik,
T M P S 40 LA 2780 . CPTOFIOVCAR3H
Wasl . OB, SurfChE i S TFIAIEGCGXT
N-fil 5 2 75 5 Bt 98 AR 9 1) 5% T ) 2% B
TF1FIEGCGH BERS 1 1 B-Catenin ¥ A K%, I /D
B-Catenin mRNAFEPEF FiHF5HTsFRPIFIAPC
eIk, FULATIL, 2S8R nl id ol 4
HEB-Catenin (1Y P& LA N 41 B-Catenin ) AAZ #E 1M
I A=, eAh, BT Wat/B-Cateninfs 53
e 5 R A R A T A P, R, R R KR

SR AT R 3E Ak 00 A eE A A Y B R SR T R F
U IVER
3.5 FERZHAME T EA I bR

e BT WF 5 e W TF 3565 I 1 i 25 4 240 i LA
— E W RORCR . TE3ANLRE S i 4% iz B 11 1
(CTR1) MRk, SHEsRIETRHEI, 1 Hik Be
LU H K (GSH ) 119 3328 Lygi /b it g ) 4h
H, 382 20 i 5T i GSH S I %) 45 & mT 35 Jin A
AL, AT R0 40 s 4 i DNA . Gao
SV R, KRR A TF3 AT LU i 5 i Akt/
mTOR/P70s6k/4E-BP1{INotch-1/C-myc# 5515 51
%, FUHHIF-lo, VEGFRZEE Ml s i
TE R T e ) B TE3 DU g il g 4= 4 . DNAH
FLFEAL NG (DNMT ) J2 45 3R Mgt 4% 1Y S5 22 il
ZRE R AEDNMTHIGI ], K45 g i A 2 AT
3 B HIAE

ZE bRk, AWK fEEiIMAPK ., PI3K/
AKT J:Hedgehogifi {1 i/ i Jea 4 B 14 1 1= 1 21 i
JE BARA A, A NF-« B BP0l 55 8% , it JAK/
STATAF 5 38 B K &2 I g () S e Wi I, 38 3k Wnt/
B-Catenin 5z M 2| Jifofd M F0 7 FR BB, dE M 3|
PR A A eV, WL, [#I2,

4 RE

i IEg 1) S 2 e R A N PR 3 B e TR A
PARRAE O, 55525 G R PrElt. A Sl
LRIRZR B R ISR IR WU IR vb 4 i VT L R
PRI S Im s, 28 R AE IoR P g D e
AT am AR REFEERAFYAER T
ZAME SR, i TG S
A HEAT, AT e R A L e 9 A
JELRA I T L BELORT 200 90 A B R A I e 7 AR
G55 MY BERNAITIGEON, R RES
25 IR i AT S R 2 i R, 4
SRZGYINST R, AEREAE IR 7 IRLRAT ) 4 B
RIS, AR, TR RO . S
R, FRTBE SIS IS A . Sh PSR by
Beo Anfar Gy s g v 2k s R R BN AR EE L 2R
YR P E LA KT R I8 6 F) i PR 36 2 H i A
R E P 2,

Sk -

[1]1 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide
for 36 Cancers in 185 Countries[J]. CA Cancer J Clin, 2021,
71(3): 209-249.



. 824 -

ADYBBRH 38372022 F 55494525 7HR Cancer Res Prev Treat,2022,Vol.49,No.7

Rl FERERRFWEBEFRHER

Table 1 Role of theaflavins natural products

in cancer

Cancer Theaflavins (cell line)

Effects

Signal path

Gastric cancer TFBG(mice model)™”

Lung cancer TF3(SPC-A-1)*”

Leukemia  TFs(U937/K562)™
Thyroid TFs(TT cell)*"
cancer

Liver cancer TF1(mice model)”**”

Colon cancer TFs(HCT116)!""!
TFs(SW620, SW480, NCM460)"*

TFDG(HCT116)™

Ovarian TF3(OVCAR-3)!"

cancer

TF3(A2780, CP70)!"

TF3(A2780/CP70/OVCAR-3)*

TF2A/TF2B(A2780/CP70)*

TF3(A2780/CP70/OVCAR-3)™!
TF3(OVCAR-3)™!
Breast cancer TFs(MDA-MB-231)"®!

TFs(MCF-7)%

TFs(MCF-7/MDA-MB-231/

ZR-75-1)
Cervical TFs(HeLa)*"?!
carcinoma
TFs(HeLa)™*!
Melanoma  TF1(B16F10/A875/A375)""

Inhibit cell mitosis, increase
trastuzumab sensitivity

Cell apoptosis
Go/G; cell cycle arrest

Cell apoptosis

Cell apoptosis, anti-proliferation

G>/M cell cycle arrest, cell apoptosis
Gy/G; cell cycle arrest

G, cell cycle arrest, cell apoptosis

Go/G; cell cycle arrest;
p53-independent intrinsic apoptosis;
extrinsic apoptosis

G, cell cycle arrest;
intrinsic apoptosis;
extrinsic apoptosis

Synergistic effect with cisplatin

G; cell cycle arrest; apoptosis

Inhibit ovarian cancer stem cells
Anti-angiogenesis

Cell apoptosis, cell death
Immune restorative

Anti-migration

G,/M cell cycle arrest; apoptosis;
microtubule depolymerization

Cell apoptosis; anti-proliferation

Cell apoptosis; anti-proliferation

|HER2-SHCBP1-PLK1

p38, JNK and Erk

Hsp90, |Akt, |p19/21/27, |CDK2/4/6,
leyclin D1, tFOXO1, |B-Catenin
|RET, |PI3K/Akt/Bad,

|Ras/Raf/Erk, fcaspase-3/8/9

| Wnt/B-Catenin; | SMO/Gli;
leyclin D1, cMyc, EGFR; 1E-cadherin

tpl3, 18/ cyclin D1, D3 | CDK4/6
leyclin E, fcyclin D1;

1p21/53, Tcaspase-3

1p27, |CDK4, |cyclin D1;

Tchk2, 1Bax, Tcaspase-9, |Bax-x;;
1DRS, 1Fas, Tcaspase-8

leyclin; 1Bax, 1Bad, fcaspase-9, | Bax-xi,
1p53, Tp-Akt, [IMDM2;

TDRS. TFADD. fcaspase-8

G/S cell cycle arrest,

|CDK2/4, |cyclin A2, D1, E1tapoptosis
Tphosphorylation of p38
lphosphorylation of JNK2 and Erk1/2

| Wnt/B-Catenin

|HIF-10/VEGF

Tp-JNK, 1FADD, fcaspase-8/9/3;
lp-Akt,|p-Bad

|PGE2, 11L-2 receptor,

1Jak-3/Stat-5, 1Bcl-2/Bax

1p53; |NF-«B nuclear translocation;
IMMP-2/9

tBax, 1p53, |Bcel2;

|PI3K/Akt

1Bax,Tcaspase-3/9, |Bcl-2,1p53;
|IkB/NF-xB
1(CHK1/2)/p53/CASP3/PARP; 1ASK1/
JNK/C-JNK; | MEK/ERK;PI3K/AKT

Notes: TFs: Theaflavins; 1: increase; |: decrease; JNK: Jun N-terminal kinase; Jak-3:Janus kinase 3; Stat-5: activator of transcription 5; CASP3:

caspase3
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