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Hypothesis of cancer evolution and development (Evo-Dev) and its significance for specific prophylaxis and

treatment of cancers
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[Abstract] Although chronic infection with various pathogens including viruses directly contributes to only approximately
25% of cancers worldwide, chronic inflammation is closely linked to the development, progression and prognosis of most human
cancers. In this article the author bring forth a hypothesis termed as “Cancer Evolution-Development” (Cancer Evo-Dev) , which
is based on our series of studies on the molecular mechanisms of HBV infection-induced hepatocarcinogenesis, gastrointestinal
and urological cancers, and world wide advances in this field. The core theory of this hypothesis is: the imbalance or
dysfunction caused by the interactions of genetic predispositions and environmental exposures such as viral infection is
responsible for the maintenance of chronic non-resolving inflammation. Then non-resolving inflammation promotes cancer
occurrence and progression and persists throughout the cancer evolution, which is characterized by a process of “mutation-
selection-adaptation”. Under the microenvironment of non-resolving inflammation, pro-inflammatory factors promote mutations
in viral or host genomes by trans-activating cytidine deaminases and their analogues or by inducing oxidative stress. The
majority of cells acquired somatic mutations and mutated viruses are eliminated in survival competition; only a small percentage
of the mutated cells are selected and function as cancer-initiating cells; these mutated cells have altered survival signaling
pathways and undergo epithelial-to-mesenchymal transition via epigenetic modification by proinflammatory molecules in an

inflammatory microenvironment. The selected cells exhibit the characteristics of *stemness” such as overcoming senescence,
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robbing nutrition, and proliferating immortally, thus promotes carcinogenesis and invasion. Cancers generally possess the

properties of “backward evolution” and “retro-differentiation”, suggesting the indispensability of stem-like signaling pathways in

cancer Evo-Dev. This hypothesis of Cancer Evo-Dev is expected to be not only testable in understanding the inherent

mechanisms by which inflammation promotes the development of cancers, but also instructive for the prophylaxis and control of

cancers in the model of predictive, preventive, personalized, and participatory (P4) medicine.
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() HBV 25 5y, 3 A8 S g 7 3G 7 75 468 i
JEEAR A AR A7 X IE T A MR YL R 1 48 2% . HBV

5P R 38 S0 o AR T AR A A R R N
BEHEALIR]

2.3 HCC ARk HBV & 78§ £ &AM F kA
BEMmE B L A1762T/G1764A R AEhlin £
& HBV 28 5% HBx S a4 HBV & A 41 i
5, HCC 4 MIRe 68 i 2 A2 i p21 i #1012 1 A e
fiff KGR S WA 5C AL 1 2 (SKP2) 1M B I A i 4
ff A=K Ff 22 6e 17 . SKP2 & (I 7E PR 4 b iy e 35
REfS e iF HCC iy kA fik et . RATR I,
1E NP4 DNA R34 HBY B EZE AR Ce
HBx, 5 iF 2 A7 Ct-HBx #4119 HCC & ARG Hiw
BEAYT IR AN RERR AR J5 52 & A K (88 AR A
HBV i S X855 HCC &% V), 54 HBV S
SEPH A B A 0 A R AR T ERT S2 KA
F141L 2875 HBV K S & [ (preS1/preS2/S) K H
RPN R P REA% B % T A p53 A1 p21 I 4 4H
KAF 5 TE FE T 6e, JF H 3% 1 CDK4 F1 cyclin A
SO M DA 1 T S R S A M S .
iy F141L 28751 HBV Kk S % (40 i R 41
SURETE RRE S R Y B A2 A HBV K S 2 H 41 i
2 A5, DA R 4R N DR A HBV AR 57 5 3%
& HCC 13 BN ZE BRI L2 P A7 £ 1) HBV AR
SO BEE M S kA HCC, MRk gk F
57 BRG] B0 A 26 BB HBV g% 4L 5 4k F
HBV BUgs = S BRI IR B B, 4o fo ik
Pk HBV 28 o] gk HCC kb k&
2.4 HCC A RABALRA  Felt BB —1C 0
HARNGS) &8, HCC HH A4 i A% 5 22295 S e
6,5t 1 9 5  (ARID1A, ARID1B Hi ARID2)
p53/RB i 98 1 #l {5 5 & & (IRF2, TP53 Fi
CDKN2A) \Wnt/-catenin TE{5 5 %42 (RPS6KA3-
AXIN1 #1 NFE2L2-CTNNBD) L), &% RAS/PI3K ##
FEIR A 6 & 72 (PTEN, PIK3CA, K-RAS #il N-
RAS) I Ay A5 29 s s 53 F 3 ¢E HCC
HEAR S5 I % B o AFLTE i i G 72 v BIF 5 A A e A
SHREEIAR D . A BRI 2 — SR AH DG A 4
Jif A% S 55 R R I PR B fa B R B UIAR OC .
HCC e 15 HA b9 410 ) 8 P 1) IRF2 B PR 2R 3%
PEAE S HUR BLAE HBV # ¢ HCC, 3% il 26 16 72 7
S 2R R A R pS3 T REAS 4x UL 5 T
SR DR ) (A 4 B AR 5 A T RS P HCC ok 3
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0 HLJE T AR s S 8RN AR Y S A
RPS6KA3 3t [ 2% 16 (% 1R 40 il 45 5% 5 Wnt/g-
catenin {55 5 3 %% YIAH ¢ . 3278 W Fh (5 5 ik A2 A
HCC KB A Pr R AR . 78 HCV A 3¢ HCC
97 55 IR AL 4 20 v 98 3R 32 iR 5L TR (LEPR) 28 42 0t
Kk 54.5% . e 98 & I STATS # # 1k, 3 n
HCC % A= 5y I8tk 5 25 Vo 1) JEAE Ak 368 1179 728 17 76 i
Lt 338 SR W ) 2 AR S ZE IR s R S
CTNNBI f9 #00% 25 A1 2650, SR, B> 56 A
9K Bl P A 0 B AR S A R T g A R R AR T RO
. ARID1A F1 ARID2 WifFp HA HCC {3
P 08 R 48 i A5 S 5 DR 7E b 98 2 280 R 55 1 4L
RAFRATH A 16. 8% FI 5. 62610 . X FE A H
R ITCIE LI RE 12 W7 3 2 70 0 2 A 08 0 IR
IR % 7 QI DA v (= N 237 71 /N R El
Az L GRARME M Hh 4 B AT 6T 98 A 1 TR 12 W
MGIT A A 24 fik . (A2 fE8UEE S EEE b
L I BRAE FH 43— A G B SRS (IR0 A S 4 20 6 T
FEA5 538 152 R RE S B Y L T A
AR BT Y Ar .

2.5 BEARARNY AT RERSTER BR
BN RRAE A B B DR A 200 i A S A R AN i L
FAERFIEE KA ZFORRA GRS, X H %
TN = B e E AR A0 B A S 500 A ) — 2l 4 A
G IR b B Y R M R B AR R
AR BT BB A 5 Ah— DI RE LAY ¢
SRRYNMOR S AR 5. PRI xS AR S A R PR A 2 1T
R AR AR R G A Y 7 R LE K.
RGUEY) VIS — I B AR F 2 Al
PRI . B A SE R 2 rp R A AN T 17 ik PR A 5
AJREFZIA 1 [) — A GBS i X A OB 2
Sl A AT T 5 S 3l I S O s T
JERERE IR YT R R AR G RS 1% TR0 A L 2
i RA Tz B R R Horh AR N g A% 0 0 T
SERT IR HERR RIS B AR 2 b A i R Bk IR
HRTHF5EIFE B PISK/AKT/mTOR, NF-«B/TNF-q,
RAF/MAPK/ERK, TGF-81, JAK, Wnt/B-catenin
F STAT3/IL-6 {53 7 HBV-HCC {2810 #
W VRS A RS HBV-HCC 1 5
T8 BR R 8] IE ST A 23 SRR .

3 EERHAEZFREEEZOHZERE

3.1 “EmEdt A AR EARER RIEEN
HMEICHIF 5 3 J F1 3R ATTZE HBV-HCC, CRC, § 4.
B A0 g (RCC) il 3 55 7 T8 A BAF 5017 12 o
ASCHR I T FRRE A A BB . 75 DA A 9 i
7 | g A REERE S R e R A AL R B i AR
W 25T 3R s A A6 i AR 200 L 5 TR 1) 58 AR 3
PEEBME S RE M SR HE S FF. Hk
At A2 PR 3R R 45 P PR 3R W [ A JH 3 i 2 1
W R T AERE T 18 P AR AT 2 M 4 AE AT 4%
PEAAE e AL R B RO SO R iR &
HFRIGZ . FERIESMT T A TGRS 1) NF-«B
FE 58 73 e AP0 A% R S 4 T (4 APOBECS 45
ik, APOBECS S5 42 g9 5 F 15 ERL L 5. &
REA Y S AT DA SE 2o B0 A SO R AR 5
7 59 B A1 20 A A T 46 K 2 KR S A i
338 TR A A7 8 1 TV K /0 B30 T 7L 2 2R v A
SR S APEA BV R B T 5O 20 A S
3l T L A e U EMT migkfs 1k, 3k
197 SRS A SRR B A Re ) i A
FEBEFE Ak Ry 968 A B A6 40 R (™ i g e 4 4
ORI p S i o == & S VLA 1B | 7 e
k. VR ZTENRNIR I3 2 5k 1 2R 7 S A i s PAD i
R AE R S R FE B 3k, i AFP.CEA i1 SALL2
S5 BURIEREAR R o N R G A W D SRS Je
WA JEAE & ARG R RN R 45 BEAL Y B oy
TR L HEA TR A A AR F R M A A S AR
T 96 R s 4 AR S B N A Al o AR )
B3 A b 2 25 T R 4% 2 B B B ) R A T A
BT R AR L R B B AR AR ] T
TR A YT T 10 DAL R s e E HE b i R IR YT
BOBRAE 2 e A R B B DH I 2T 55
3.2 “SRmdt R BB G 69 BRI

3.2.1 HBVBUg#W“=#sh”E T AZ+ HBV &
FAE FRAOTATHOTSE & B HBV HE 442005 3
TR S AR SRAE PR =0 i AR v g i R
st AR TEN-o MR R B 323 h 1 4331
REWCE T4 ie APOBEC3A 1 APOBEC3B, X T4
RN HBV ccecDNA % 90 % BL E AW ER {5
SR E HBV cccDNA 0] 76 5 #19% & , 3 H APO-
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BECs %15 15 H 2848 fl HBV 28 3 A9fE gt/E B2
ZAFFN KBRS, gud kB A) HBV 28
S LA AT A A A g i HCC iy R AEFIR €.
3.2.2 BEIHMEAHATHAM MK oM
A FLA RG240 M 28 35 335 10 B e 90 i 2%
PORFAE AL S IR R B Z AR R A N TEBE R .
SALLA ji 3 48 55 th 41 28 A i £ Bt il (HDAC) 2
594 /MA B ¥ NuRD & 4 9. i i 5 i PI3K-
AKT {558 i R ERY . EMT 248 - j 20
JfL G 23 1 R AR T AR A4S T [R) 75 40 AR R OB 28
FOAMEEA RO A Y TR iy B, EMT Ji
RATENR & & BB B A EMT X b8 5% %
[FEESE, TEMR R R &4 EMT i1 bR 40
MARAT 7T A AR L A4S A FRTERTRE ) TN 24
FPLMTRE ). MEAS 4 K2 BUB AR E &5
A6 §HEBE A PR L i S ok A0 2 T 170 T 2
ACPEANMOW R B T A0 M R e . WG B 3Rk
(A B AR RRE 2 A e A v F BT 2R3 L ORI R b R
Yo IXSCUESE BN i T A M i E A LA AT
HEAE” R L3 A RRAE

3.2.3 AID/APOBEC % 4% B 4745 B = 2% 3 1% £ Kk
JE AT AE B AR SR RAE OB T AR R Al
K/ AL R 25 BR  NF-«B/ TNF-o  IL-1 2515
S PR RRELPEIE AL . XS ARE R R R S KT A
T Ak APOBECs 7% 4k. APOBEC3A-3H %} HBV
A B B0 1R RS B e i T B . AID/
APOBECs figfy &g C-U 4k, 7k U. G At
Pie o X I 2 RO AE L BE DNA U2 XU DNA (1
200~300 f52 , fEHEG R DNA K4 G-A 85 C-T
(A, T2 T4 % (FN-o F1 IFN @) Fl 11 25 T4k
2 (IFN-y) /] LU 21 0% APOBECS #i ] HBV,
APOBEC3s J& 7~ /£ 8 Re J1 9 i) Ct-HBx 28 55 Jr
WAABTRY o PRI A X 2 18 M R E AR 2 HBY B0 1Y)
FEALH Z—. A, APOBECs & #F 1% B2 g 5 JF
JEEE X 7, AID # B /NP 1340 B R A
HCC, 258 1 %) g Wy FL AL i g i s2 . H
R ZUEW] APOBECs X &K 40 (1) g 8 D e A2 75 T
TR S5 2 P i P, {H &, APOBECs Xt 3% [
M EVE S UNG 12y, 1 UNG BEfE 4T 5+
PEVIBE DNA 48 AR PR WS E, A 25 40 i #%
UNG(UNG2) & e AR f& i) UNG(UNGD 4%

i UNG BE% 2% 327 APOBECs X 4% 2% 4 41 1
YER . HBV cccDNA fig#l A3G A3 H 54k iy 5
L X — 3 FE AW UNG A S0 L U1 318 2
R EER . APOBECs 5 UNG #y-F-fff & HBV
FTE 325 R L Ra e PR R4

3.2.4 REMIMIEHRFTHRIELLAE K
AU LG DU T 7 BB (1) 45 ) 20 43 222 614 240 e 3
BELATD 5 (2) F2 1l 40 s ) ORI 1~ 5 (3 B o) 40 L 43 28
YR AL I 5 (4 BEL T 200 B 7% 114 200 i 285 B e
HI T IRBE 2R 68 L o Kast 1% A8 M S0 RN 40 i s 55 1A
FFBURFIBE 4 B A A WU 0 5 T X S
B P 08 ) I 2 2 v i e 2 s 4 M 45 B BT Ak
Plss , SECE R AUATRE R 55 258 R4 4 i A%
S MBS R BTN A AR AR A B AN AR A
BRI (PGE2 ., [ =) 40 it X 7 Fin a4k IR 143
ARG, AL (2 ZUROR B S Ak Tl O R 1 S e
g R I v ) B S e 1 S R
ASTEIEE AR B PR E AR . i A T
PR PR B8 6 R e B 1 E AR LR, 18R
i ] i 8l NF-«B Fil Wnt/B-catenin - 7E #E 4k 1 AHXT
PRSI (5 5 5 . Wnt/B-catenin J& i + 40 iy 55 %2
PRai . B4 ) AT IO 5 38 2o AN W 1 < IR AT A
TR BEBE T AR iy 0 B SR 1 95 I R s A0 T B
AT S E SRR T 5 A RE X 2H A B AT R AL
A IO PR AR Ak 1 T SR AR SR R R s L R 5
JRMEAF T AR SN i I A2 i RE AL R B R
1 DL HBV S i 75 5 S 12300 B 58 0 02 2 96 e
SR oY A=Y

3.3 HAMETHMBGRELLFTEL NKE
SHVRH SARRAE 43 A P 31 A R e RO ) s R R RE .
WA REAE T R L A A% B R AR R MR fn S
PERITH B F0 Lo PR B SRR SE . A i IR IE A R TE
LW WA E & AR AR R B BN [6] 1 98 A
n HCC fE A B S P b i A S 2 2ot iy 3~4
£, RCC &k B M=o 2 £, 195 R A8 & 0 %
BVERACYER 3 57T BARB NI S Ma S
SUEAE f o 5] 25 2 50 1 0 (P2 T3 A T8 V9 P g i
RARMERER ., FEL L EEERETENE L
YRR 22 B UG VE AR & HE R KO R &k
(ARYZ 5T RAE 5| K 0995 78 POk 1 J (1 o 72
AR FERALT X Y@ ql1~12, 2 i
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Fig 1 Hypothesis of Cancer Evo-Dev in hepatitis B virus-induced hepatocarcinogenesis
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