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WA T2 . AR SCERR T I 204F (8145 5 i i H
9 78 1) B 1 R RE AR OGO, S Ah T AR B 1 0 Y Bl
K. KB LB EREILE, JHRT H AT
FETERI PRI DL B AR AT RER & S 7 1], LIMITER 25 E
FERTIR A R A SRR S
1 SRy

HHT, 25 BT AR A OC L R R 2 400
(1), HRPERGE R AT L ARG LU 480 (1) 45
IR (colorectal adenoma, CRA): Jig b iz S A=
AR R R SL IR G5, SRR ZE R RIS A7, (2) 4%
PRI AS (serrated lesion, SL): 7 b Bz 78 A HE 440k
(OETRIR B R R)ZE R, (3) SR B 1 S P16 (Famil -
ial adenomatous polyposis, FAP): 5% I iJ Ul K138 Y
B, ALFEREIRIRIE . BB SSRGS B A A
BRsE): (4) R PERHE (inflammatory  bowel disease,
IBD)AH G S AU A HA S TR i 4 A A
RNANA LS, LA SR A0, ARG EE e B

F1 HEBHERIREEXERLR

Table 1 Consensus related to colorectal precancerous lesions

FROLIAN.

FAPH 4205 5 H 578 i B SR B, HC & A CRCHY
B LR 100%L7, 3 1ot HE PRGN v] MR iy, IBDS5
CRCHISCIARFLAM I L T — AR N7 A 53 S0,
BAPAARSCHSTE L. 25 B ) & & %L MR (later-
ally spreading tumor, LST) & %% H %5 THmE, HEA
1% B ALR, P2 B A S
FARTRAE AT T O, DR, AR S 3 BRI PR UL
H 5 CRCE M A = 3R IS AL, RIS B
N R NN | i a = L e

2 &hiialE

IR A L o WL AT AL, 7E65 %7 LA E A
b, IR KRR A 50%~67%2. AR HE
SRR ORI . SRR . SRR R
Horh, DAGRE AR MU A2 % e, EPIRIRIR AR, %
A LE W R MR - A R A R, R, gy
PFriEw & B . 8 2R AP E R RIs E R,

HRF R SR A KA ] RATHL
e T S5 E IR . TR (G R 2 PR L B AR G AR A o,
(o s e R s P , SRR R TEIRTETE B P A S AR B AR PR A AL P
tingors, 1oy 0 D, RN, SRR s 2o T LR
TEGIRCEIR R . DRBAIRAR . EDIRGUB IR . FR IR AR B A
CPEEAMRSEALIREN  ROCSRERIE, IS | R EERn o o IS
— sy ) M WAEAE) | AL PEER AR PR L B AR B ) . AR AR G ﬁ§§ o
S TR A (B B PR« MR R AL, JUHAE ST U A o
CRESS R AERT 45 IR . IR CE PR B A ) | ISR R | 1% 20224 EZ M AL RGBT IR
R AL FHENE L KA ) [ GEARTRINRIR LA B M AR O S L A= 45 BEAWFTE L (L) 5
B TR ES BN . &5 B R RS (LRI AR VE A JERE TR .
{ The 2019 WHO classification of s %%%ﬁ%%/}ﬁﬁﬁﬂﬁ; LR . A 20204 International Agency for

tumors of the digestive system ) !

POIRIE, R 5 R SCRISS B b BN S A

Research on Cancer

B 1SS ER R R, AR : AR AR | SO B R ARG g A1

i) & 5 A7)

Figure 1 Pathological staging of colorectal precancerous lesions. From left to right: Colorectal adenomal'™), serrated lesions!'¥), familial adenomatous

polyposis!"™), inflammatory bowel disease-associated heterogeneous hyperplasia!'®), laterally spreading tumor
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A BT A TR F R sh AL L.

2.1 FETHZEARLE
201 “EFRBE-MEIR TSR

IAIE 5 B B8 & Jr B i At s B R vp, Z2FEE A
FitE H v R T EEAEH. Francis®E A 23R XL )
JREHLTK | R B O i W i 2R ATIN ] 3% (matrix-
assisted laser desorption/ionization time of flight mass
spectrometry, MALDI-TOF-MS)LL } G 4 44k 24 (im-
munohistochemistry, THC)K:M & B, 51EH BhEAH L,
BRI 1 S1008545 57 H(S100 calcium-binding protein)
S100A115S100P ., MK H A3 (annexin A3,
ANXA3), ERZAEYRIPSEGH FSATRRIL BiE, 1
S100A9., PFLBHEEE R -1V RIFNEAR i R4S & R A i %
KT, S1I00A11, S100P. S100A9¥JJ& T-S100554%5 5
BERE, efTEE AR P25 CRCIHE R, FHoh
S100A115%3k AT {2 i | Bz -] i % b (epithelial-me-
senchymal transition, EMT)i#e, SCIlE 452,
S100Pj 34 Al I 7% Wnt/B-catenin . ERK{E S fg, 5
WA R BRI MR
S100A9TERIA ik T IAF] 2, S1I00A97ECRCH
GUNG R b s HIATT, IR S PIBKY
AKT, MAPK/ERK(5 538 4, A2 iF 4 b 4 41250,
X — I AT I N T AR AN LA CRCH HLAT P e e
TERIRAE TN, Kok, 25K IS100A7EMsed rhid 3=
ik, AT RESE IR R 0 G B E S
212 “BRB-RIRE AR

45 HL Y B9 B CRC Y i it FERIPR g e -9
Ak, Hoh i R 2 AR 0 RS AR ARE S A
PRH . S AH S I AR BB AR I (tandem mass
tag, TMT)fl & HRAF A, GuoE AP NHEA T
ot/ A EWH I R B0 5 R 10T ORC 75 X B /s Bl e
a2 R RIANEN, XEEAEETIEEN
ANBE 2R IR . AR S PN RS AN B R R 0
GRS, S5 R,

Cycling F Z e — AL A5 4 i JA B0 ) 38 1 e, e
FR TR G R AR A, SEURRE & . Wit/
B-catenin{r 5 1 IR AT 2 CRCHY & P2, B-cate-
nins& G B FEAE S, A A A EDI
(cyclin DO)VER T, HARAZBNZM PG5, FR
EALSFAPILI, AL K F(differentiation inhibi-
tion factorl, Id1). PB-catenin}Cyclin D1f) AR IR

Jo ) e A 2 & #, HB-catenin51d1., Cyclin DI
R AR R IEASC. FECRCHII W] 3 3 3% P13k/
Aktf5 5@ B Cyclin D133k FiRCY, TR 40
JEAERE, fEdbrmAn g st o f Al e, xR
IR RS A S51d 1 BE IS Wnt/B-cateninid %
_iMB-catenin5 Cyclin D1YFIRICHR, {2#FCRCHY %
EHERE.

G EATENUANE N 5 HAL T4 52 5 H N
FakPEEE . ME S LT AT SRR, Bechds
BTt — A A e PR D7 (4 25 B IR R AR 104 T
HEHBEAA TR, 3FEHBAE T2, Hrp
#MACIqRINLEE A FE RV REAS A Rs = & TIE R
R SRl AR, T A RE A 2E 40 L 5
TR, R RERBTIA T-P BeAh, TEAHIFSE 8 3K
B Rl PRIX TR D AR, BEEATSERM, 7ECRC
the-MycHE R 456l iZ 8 1 3R3A,  IFil i Ras/ERKIR AR
P RRRZE . RS RN, 2 E R R )
Hl(serpin family H member 1, SERPINH 1) M FRIK
F147(heat shock protein 47, HSP47), J&%& v 40 il 2% i
(IR I 45 A 7R . Zhang: N UHFSE /R, SERPINH &
BRI AR A R P R O BT 1, AT I P Wnt/B-
cateninf 538 ISR 4 MUE M A (AR 1. AT, SER-
PINHIC#ESefe B . Fd il dniws . FLIE . o
SR A IR A b AR GRS R Y A S A
JEE IS T A, 2 AT A 5 T i D -
1, 2- 8 R -5- XU AU 3 2 45 B IR A IR B8 ] CRC
HERAURAIERE (1Y, A FTU3/MEZL RNAH G
F18[FEJEYI(U3 small nucleolar RNA-associated protein
18 homolog, UTP18)J&—2KRNALSGEH I, Panss
NSN3 B P TR 2 W LA B B e D bR i S 5L 5
UESE T HAE W - A g e rh 2L 1, I 5 i s
SHA S, WG S A AL 5 A OC A Hippo s il i, {2
LA S GG MR, IR g IRR I, B SE 5 R
TENR 1) i e At B v i kA8 4k, AT RE A M &
JEIETEIZ WitR

JEREAH DG HE B o o 5 AL 3 8 5 A . &5
B PG 515 50 K. WG B DGR B T, 45
EL b e 0N i - A B I R s R 1Rk |
A, AL NI 500 T TollkEZA4(Toll like recep-
tor 4, TLRAWENEERREAZ A4, 7 H9e v i 238 A] UE NF-
kB. MAPK{F i, MIM$eE e 4l ss . b
Kot pgse kiR F10N. A, ARSI AR B2 ARG
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) LA, HEES 5 R E LRI R, sy
pS3HLH IR, R AR AN T R, R R Y
Feik AT VAR R S XU S 2 I L CRC Y
ARARR.

A M (mucin, MUC)ZKEH AT A TERIE 5
AR AETERIA AL, HARFES A R R IR 22 IR
AR, MUCZE BRI Z M EL 4y, i EREBE
BRI IR 15 1 — AR . Krishn5 AP BT IHC
S3HT R B, MUC2TERYIR [n) i ik RSB R0 T, JF 5
ARG . AT RGE RS UIAR O MUCA S B i
FEA, TZamTh EEAS, bR T
M, mIRES MR M & . KB KEMTE fEARSEET.
MUCT-5MUCAR/EFABLEIARNE, (HHZE B, Hok
N E—FIE B A CRCAEYIAREDY. LAk, 43 RUE &
FIMUCSACTE IR P 3218, #0A N 5 CRCAHN
B0 A AR EE . iR R VR B bk O 4 A A% A A
SEPHS RA N, 1T I8 FRMUC L T2 B i A8 it
PR RN, TR R SO DX A3 1 A= PR L A AR
S, N ANTRIEE R AR I A S5 AR R LR R L 28 ik,
FHEE 2 — 20 5 MR o T A o i B A QR B A
BB R H O BN CRCME bR S, HARERE e
CRCIHIZYT M UG Wi i F oA 2 VRS, Bt
EXHEER . DR KA IEE AL, WA sirh %R
IRZESEIRANIGE, HENZEE A S T i
PEIRYT, Ak B A i ATFOL S0 0 N TERLEI, VR8T
(L AT 25T

BIRWTE R, g G EEE S A T A A
TG ST . T A OGRS, ARG
B FELEL M EMT, $2 T Feae J; Mz
H RIS CRCIY A KB AR 22 TR OC. AR
T R AT T 22 [R] 26 R 2R 1 5T 4 25 44 FAH DL D B
SHRIZWH S IR LR VR R A

AR Bl R RR AR R A, 2R
FIRZE A IE R . PR/ B RS R
HEATXT L, XA AR RICRC e TP A8 1 R A A
AT TN A T A4 2. RuntAH OGS Sk R385 1 (runt-re-
lated transcription factor 3, RUNX3)/E Ay —Fh g i
HA, L EIA . CRCAZ pRikTrEE PP, HEk
IR R AT GBS TGF-BA5 5l i, 520 Smad|m] I
Yraft sk, e dtrm aniu g S5EE. wah, E
XS SR MR S S UL IR, 1d1 . B-ca-
tenin, CyclinD1AJZik 22 H1 ik, S5CrChy
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HREYIMDG. & &M R R 1 2R 1 (secreted pro-
tein acidic and rich in cysteine, SPARC)/&—FhFE T /ME
M, ALES S S 2R A, S A iasg s . 56T
IR A A AR PR, Tiang5 AR HITHCSS
R, MFHIEH S5 H A2, SPARCHEMRE HICRCHIZ!
HERIR TR, 3T 4 JE £ M (matrix - metalloprotei-
nase, MMP)-25%3k . BREAEWFFEHEN, SPARCHIMILE
KT REMEHEMMP-23%3k L, (95 4 i 1n] o] PRl 1 4005
T, IR ZEEAS Y. Rk, $ERSPARCHYZRA, W fE
IR & . KR AT, AT AT A R A
R AL R | A E AN T BRI S 2 e
REAY, BTHIF At — LA R S i A L T30 e 3
SPARCHENFICHF, Alilid 2 R SPARCH &, HiiH
2 IR B gk, DA TR e 245 400 o 9 A L P 2
A, I SR BT S IR T R AR 10 D7 [n].

DL BB IEI] AR R - R - T A o A
il HRB A, Hrh R 2R A E MR 4
JEALIPRA—8, WME2ER, SRR s A TS
PR BT, A0 Pebeg s nvy P AR T B 9, 3K A [
() FR AT P B IR [ s A R ) DG BE IR . 7ESRE AR
e, S&EA A EEHR SR LA EE
YER, 91AnS 100575 AR 2 1 S0 i 85 45 6 26 138
S FAE, PRI, SR T BB FAECRC
S LA FEAE AL BT XX s A T fE
MAHEAE 3 — DA 5E, Rt mIRATA CRCEAH]
IR B, LA A T R R

2.2 FE Tk e P

SR A L R R G BRSSO A UL
W, SRR A RO R B, K P EEZRh
WEME AR, WBEE S AMA . YR, ek
HEAE, XU BAELA R A A i sl R 45 it
YEF. Sk Xor L B 5 i ;B 8 A IRRE AR, Choi%s
NOYF SR AR E TS SR A Ra-
2-B#%E H-1(leucine-rich alpha-2 glycoprotein-1,
LRG1). AIMELEAP. Iga-28ECX FEMARH FBA11
Fhim e B A FRak Ll F-a-2-BEEE . BHEE A Ma-1-
U B 130N A L RIA T, H AT L
TERRIE B e A8 1 A AR FA ML R 2R B 1, fH
HAT e ELA TI0I0 M R 3k e R 2 KT /1. Setareh
25 NIOSRIE S e e 0 B 8 2 il 2 L VR A R, £ 4
15 B(fibrinogen beta chain, FGB)FI#MARsT4A
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fp-catenin 1 TLR4 % Ts100a11 1 stoop
—>o": ® ‘M, 9
ol @ 1 uteis | Muc2 _mad:. N ¥ it 1 urpis
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Figure 2 Expression and function of characteristic proteins in colorectal adenomas

(complement C4-A, C4A)HIFIAHHIL TIEH T . FGB
ML, HTR A A S SO R B SR,
CAAT A RAEFTAR, X WP AR 1130 5 2 5 AMA AN
RE I % EDG LB, AR PR A A A K AR, A Tang %6
NS 5E o 4% 48 1 52 /K 1 (transferrin - receptor 1,
TFR1). S-JRF [ B~ e 2 1 /I Ak Al R G 3 ok 2 14
AR EE3-TTEE M R A il B R . o,
TFR1F 2235 0] LATRIL-6/IL-11-Stat3 5 5l i, {2k
Sl bR ARG B, 0 o A A 15 0 S B CRC R
AL st U0 et ELIS AT 2 W Bt e
PERRERETN, L35 5T 4AGA £ H (thioredoxin, TRX)#iA
FHEr . TRXHIEAFE H & H (thioredoxin interacting pro-
tein, TXNIP)ZIAREML. TXNIPS TRXAHEAE HI vl ii%
MAPK {55 5, S0 2 f s s A =0,

MR AT A BRI vz, JF BAT 5
W R ATEE ISR R, BRI TR R
YrbRaE WA G313 AU AERIF ST (Y AR AA, TR
SRR Z [ AR 2 ORI, [R126045 T Bkt
AR EE 1 A MR AS TR s 2 Ak, wl (i o s am il 4
FRBHER AL, X T 2D ERSE M P A B A5 A]
REMN CRCA AL IS R AT e A AR, SE BT i
AR AR A T B2 W7 RAT PR X

2.3 JETFEMEREAREE

B FIRPIEREASL, AT AT IO AR ISR A
X R AR B BIFFE IRl R . R B e
A K A b 22 fb 245 (fecal immunochemical test,
FIT) & H Ak 2 AEA 0y 5 k. MIRIE 29 A8
AT, dilmRaEE N AR ok AR B AR Ak,
Soares™ ANAHFFT R, JERRARREEATES Y
Fes AR SR e RN R, 67 % 3R 1 T A g
B SRR A DGR A B LA U 2E . KomoraE AL
WEERM, MERE . WEEAHSCRE R, SARE
JIEL A ARG T A B 1 2 FTANX A 62 B A 2 o 2H 31
CHEBURME Ry S 53000 0 53% - 95%) T T Al iy
Gl ISk, R . LRG1, MRS E M4
AR 3% 8 1 VA R ) A 1 5 2 ) ] T o 6 B e
CRC U T (SRR 73 31 29 66% 162 %, H5 521
95%), PRI AT DAHE i 26 2 11 0T AT R A A B0 I e
fE IR MCRCHYZAELEYIFREY). i TFITX S 7 e
A BRI ERAR, ORI A= Dbk 2R I, AT LA %
o G B R U, DT e 28 At 8, HLRL
A B M HT LT FITHY % a7 /7.

IgG-Fc i Bt4 &8 H(Fe fragment of IgG-binding
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protein, FCGBP)HEA 5MUC2%E M i B ML A 45+
WU WRES S FR R . SORE RN AT WatfF
Sl PRI St ) fEFCRCK . BoschZ: AV
T YRR € T - R IR TR 12 X R 5 CRC SR R 2
ATTT R IR, FERYIE e ot R AR, FCGBPSMUC2
FEIRTF M, X IS ER A AT BEVE M O PR R BRI
BRI SRR, A, RIS P K I I N -fiff 2 i
FRERS IL AL . 22 % MR 25 1 fi§8(serine protease 8,
PRSS8)FKIAHEFEAL. AHOCHIFY /R, PRSS8FIA T ifE
IZEXTEMT . Wnt/B-catenin, Sphk1/S1P/Stat3/ATKAF
SR RIVE R, (R R AR, R ZE AT
*z[ﬂ].

BT P A ARFIE, ERAS T X LeE A
(IR AL S VR FHIL, ok T e w6 28 A4 9878 AL
G A —E sk, (B H RS E AR N, Rk
ANwE, AU B EEGREG, XS A Wb i A e 2
TR SERT S5 K e RATFFE A BGUETAT T T .

HET, 25EMIE R A2, 3
RS T MR E AL I FE S IREA R
AP & RE S8, 455 Wnt/B-catenin, PI3K/
AKT. TGF-B. NF-«xB%. A B8 Meie id & i
AR A SRIRYT R, A CRCARY TR 5 115
PRI .

3 PEBIRRAE

FRIRIEESD, 15%~30%H & I CRC /2 FH 4 U R 22
RSB, G5 e Do AE il o 428 M A1
B TR AR | A G R I SR 3 25 1
BEUTAR BRI, Forh, JoRE B VIR A8 FML G4l 4 R e
(A P JRUBS: 58 v . 3 o X A A TR 72 B A R A R A T
R, & X — b B PR A 2 R PR 284 5 8 1
FkA L.

SE PR 58 A5 10 25 W e 1A R 28 1 9 A 3 A P 43y
HEA O, 5 R - A CRCAN ], FE#E T
ARIGARTE A AR D & FAPCHS IR 2878, KL HGE
TSR RIS R A% IR CRCHEMY BRAF 225 177,
BRAF & —Fh 4t j 2 A BRAF (—Fh 22 & iR/ 75 A R
) B NS EEA 0 AR 86 2 5T TRAS/
RAF/MEK/40HE /M S8 15 B (ERK) ik 42, 540
I35 RN Y, B H LI BRAFZEAE 4
RAF(V600E), MIMFECRCH " 4 538 AYMEK/ERK S
S R R NPIZE R IBRAF  V60OEZE AR A 75
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e P R A IR AR S AL A R R Y N SR T R 3G, F
A SE I O MAPK A 3l 7 A — R AN s,
T Ji A A T,

CpG iz H BB Ry S 5l A R A2 Js i i A rh 25
CRCIY EZHLH. WFoeas i R " IDNASR 15 52
(O%-methylguanine-DNA methyltransferase, MGMT)J3
B AL ] BE R EMGMTHE F13RIA T IH; plodEp e
BT I T RES Fpl 6 FAFA TP, [AAERunx3
LD JE B 7 X B RIS S RUNXSEE HRA T
PG Ty B A TR VTR A R BT R B,
Wif- 13 A F AL R 55 B-catenin g F 21K 57 FHE AR TE
oA R T m, SRR W= THEPR JE 3 X AR
BT RES R Wif-18: A #&E AR, 0% Wnt/B-catenin
G, S9N R, XU AR N ATER A
ARG PGPS AR, AT BRI Al D R A A
AR AR SE S

45 Tid 16 & (mismatch repair, MMR)ZDNA# /i &
T, PR | A R bt R
JEERTCS, S8 MMR AL G 2 AP0 MutL[RlJE4)
1(mutations in the mutL homolog 1, MLH-1)%E HJ&CRC
KA b SDNASEECIE ARG H, HRiki
B R A AR 2 — L AR IHC
5 R B /RMLHVE F Y RIATE A M BN . o e ih
EIN AN 5 RN i S A AR RO S 2 3
EH, A RR WG G R R A2 P 1Y
FIREME S TIPS, 34b, AR A 112076 o590
VRIS S AL GERR VAR R A ZH SRR A rh Rk R ] I
T, BB BTSSR % R R EMMR FHECRCHY)
— AT AR RIS R ZEDY, AT AR ik A R R R
R e,

i £ 7R CRCHT 9K A2 i e i R rh R 454 Z2 b
HEEH], FERANENTE . 2R R 25
A PR T ) 3 A7 R (survivin) . HSP70R 7R 4% B
e R BN b EIE, RS SmAiE R REE.
WX . PUANME A T S A A R M T 24 A 0t
FRIA95-90] i P-gP I ey 22 34 AT R BOL R R MRk & 1 i
27 RIREAR T 0 A R 1R 21 40 A i 3R 4
W47 1K (erythropoietin-producing human hepatoma,
Eph)B27EIE R 454l 2 . B iRIEN . CRCHIWFRIA
Elita?, {HEphB4FEphB2[il{A (erythropoietin he-
patocyte kinase receptor ligand B2, EphrinB2)Z k3 /i1
H AT HEEphB2 F] REAN I CRCIY & J&, Z{KEphB4 X%
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Figure 3 Some characteristic proteins and their associated signaling pathways in colorectal adenomas
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Figure 4 Expression and function of characteristic proteins in serrated lesions and laterally spreading tumors
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Colorectal cancer (CRC) ranks as the third most prevalent malignancy globally in terms of incidence and the second
leading cause of cancer-related mortality. Recent trends indicate an increase in both incidence and mortality rates, thereby
presenting a significant threat to public health. Precancerous lesions of the colon and rectum, which carry a risk of
malignant transformation, are crucial in the context of CRC prevention. Understanding and addressing these lesions are
essential for advancing preventive strategies against CRC. With advancements in detection technology, it is now possible to
characterize the microscopic pathological changes of colorectal precancerous lesions through protein mapping. Our paper
provides a comprehensive review of studies conducted over the past two decades on the differential protein expression and
mechanisms of action associated with three types of colorectal precancerous lesions: adenomas, serrated lesions, and
laterally spreading tumors. The studies predominantly employed methodologies such as Western blotting,
immunohistochemistry, and high-throughput proteomic technologies. Proteins characteristic of tissue, blood, and fecal
samples from patients with colorectal adenomas are frequently associated with cellular proliferation, migration, the
induction of epithelial-mesenchymal transition, and immune evasion. In contrast, proteins differentially expressed in
serrated lesions predominantly participate in genetic mutations, CpG island methylation, and mismatch repair mechanisms.
Meanwhile, proteins implicated in the progression of laterally spreading tumors to CRC are primarily linked to the Wnt/j-
catenin signaling pathway. Furthermore, protein families including S100 calcium-binding proteins, mucins, and heat shock
proteins are integral to various biological processes. Certain proteins within these families are regarded as potential
biomarkers for the malignant transformation of precancerous lesions, offering valuable insights for the screening,
diagnosis, and intervention of colorectal precancerous conditions. Additionally, our paper addresses the limitations of
current research, such as the restricted sample sizes, the narrow range of sample types, and the insufficient exploration of
underlying mechanisms. The study further proposes several avenues for future research, emphasizing the need to broaden
the research cohort and diversify sample types. It advocates for the development of predictive models through the
integration of multi-omics approaches and machine learning techniques, alongside the enhancement of fundamental
experimental research. These efforts aim to achieve a comprehensive understanding of the alterations in protein profiles
associated with the progression of colorectal precancerous lesions to malignant states, facilitate the identification of early
diagnostic markers for CRC, and aid in the development of therapeutic targets.

colorectal cancer, precancerous lesions, proteins, biomarker, mechanism of action
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