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JE iR 545 %98 (pancreatic ductal adenocarcinoma, PDAC)R&SHEEREREILRGMWEZ —, BR
YR, EMRERFEEHRK, BOUREFEMEDRSIRBEEETFRE . Fit, SERHHME SR E
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Abstract

Pancreatic ductal adenocarcinoma (PDAC) is one of the most malignant tumors in the digestive sys-
tem, with strong invasiveness and significant biological heterogeneity. Therefore, current treat-
ment methods have not been able to fully benefit patients in terms of survival. Thus, more accurate
tumor assessment and better risk stratification are prerequisites for advancing personalized treat-
ment. Inmunohistochemistry (IHC) has a fundamental and important position in the clinical man-
agement of pancreatic cancer due to its good accessibility and excellent applicability to routine
pathological specimens. In recent years, it has naturally and reasonably expanded from a tradi-
tional diagnostic support technique to the fields of prognosis assessment and treatment response
prediction. In recent years, the academic community has had a very systematic and thorough dis-
cussion on the clinical value of multiple IHC markers in PDAC, clearly indicating that the combined
detection of multiple indicators is beneficial for improving the ability to distinguish between benign
and malignant lesions and determining the tumor origin. More importantly, protein expression pat-
terns related to cell proliferation, abnormal tumor suppressor pathways, epithelial-mesenchymal
transition, and the tumor immune microenvironment have shown good application prospects in
risk assessment. Complementing this, immune-related and molecular surrogate markers are be-
coming new directions for screening potential treatment-benefited populations. However, due to
the lack of unified detection standards for most of the current biomarkers, the existing research
results show significant heterogeneity. Moreover, a single indicator cannot fully reflect the complex
biological nature of PDAC. Therefore, it is quite natural and appropriate to expect that the future
development direction will be to build a multi-parameter integrated model, deeply integrating im-
munohistochemistry, molecular detection, and digital pathology technologies, thereby establishing
a truly precise and clinically operable comprehensive assessment system. This article provides a
very clear and well-structured review of the clinical application of immunohistochemical markers
in pancreatic ductal adenocarcinoma. It first summarizes the research progress in diagnosis and
differentiation, prognosis stratification, and treatment-related prediction, and then naturally and
appropriately discusses the existing problems and future directions. It offers excellent guidance for
the precise management of pancreatic cancer.
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R 2 H AT SE A IR S R KT A R G IR 22—, T MR R 5 s (PDA.C) o e 4l R Al 7 191
(11 90% L E[1]. BARITEERIMBIHA . BT RS LGART fE K E#S, BRBFEES, B
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SRR A T A R[] Bk, &RkakE. FH2ERAE. IR FRRBLZE, AN
R e T F5 5 1Y) = KR DR R [ 1]

B TR E VAL 7E PDAC GRS iR B HE e A, SRS, Shhskd A s T EE
TRRT PR T R A JR R R 55 SORE PR AR W AR b S R e U A, AR IR bR AR il 5 5
TEYERE T SOL A 2 EE(2] [3]. HULTE AL PRI 2, A AET1S N A 2 fil R (Endoscopic
ultrasound-guided fine-needle aspiration, EUS-FNA)ZE i G B0k 77 sUE SRS i 1 AT Stk H 2 AN P 4 3
iR T HORE O (25 XU [41-[ 7] PRI, FERSHERS S2 PO R SR, FRATIREEAE SR S A4 CANBETE 70
] [0 22 AT J IR A 0 2 AT D B e S R 1] [8]-[10]

T A A RAEfIE, & & TR A AR A, #OL C 2 BONBUAOR BLS Wik R POy 2
R I CHZ—[7] [11] [12]. HEXMEAS )2, Lol P RIATERE v 5. B S e 75 1 o028 S A
VR, IS A C A MRS “IZWCREOR Y BAR . iR R v B AT B 1S Pl LR T
TN 0 Z5 B e T B

BT BB SR EWRHRER S, (HEBHES, HiRE B AR EA s —. s
JRPERS 50 FRNEE A7 ML, MRS, g S s A AR EYITE PDAC H R
FIANE, RV ARAE FH L 2 v i R R SR R 2 PR AT 0 B 2 S

2. BEIRXREALEEY

HER R ERIZ W12 PDAC IR R HL I EERE[ 1] [7], MUFEIES, PDAC 1A B R 18] 5 s v A 98 0E
HHL MADIRBIEIEASS B S RUERAAE EE, JUHZ/MNERE EUS-FNA SRR SR/, HHR %
FSZIR, 2 H AR KRG N 2] [3]. Rk, B ATEA AT A7, TE3ER PDAC 12 Wik ff
PETTTHA I EZ R [4] (7]

H T e 2HAGTE PDAC 2 Wi IS O —FR SR B SR & BRI ) 2 R FR e A A,
WOFRCAE RTRIE SE00) JiIgd SR W 2 o B AR R TR IS A6 7 B 1 0 2 1) 1 FH A

2.1. PDAC 51814 BRIRE R LR

TS PR 28 B 4 F R WA RN S A IR AL IE AR, EA BRI A 5 5 R IE MR
TR, WOX MBI+ MO AE A2 3] B2 AR SIS A A 1) T T FE 4 51[4] [13].

S100 £5454 2 A P (S100 calcium-binding protein P, SI00P)2 H HiHF 5t i 787>« i B () PDAC A%
BAZ—, CER—SCCEHAE PDAC W 2 9RiB RN, 1M R4/ RIEME S8 T 2 NS RIE, Hit
TUBERR 1[5 [6]o IMP3 J&—FPRARFHOCHT RNA &55 8, 78 PDAC i JEmRIL, &S R
T A AR R S ORI A T A R S AR B 2 Wi [4] [7]. Maspin £E PDAC H Uit Hh 52 4%/
M gutt, Xt PDAC S8R 28 1) 250 A B MIR RN E, ARA R I A0 B S e BR SR A0 A BT S B
FHE[14]. SRR MIEAHRIEPR AR /2, VHL [P 0] £ (von Hippel-Lindau tumor suppressor gene,
pVHL)YE MR S48 b ZARBEKIE, 1T PDAC sk, DRI JLAE e S 1 bm s g NG I TR AT 1)
SR AR 2 R AR AR T [4]

BEAN, e MRS HE I B S I B AR AR T WA . S5 B L : SMAD4 & [ (SMAD family mem-
ber 4 protein, SMAD4) 5% ] n] FEHFE /R IE % 235, T pS3 &5 (tumor protein p53, p53)5 i RIS
SURMR AP b3 /R TPS3 AHCHCR, (B RS S —# BURMEIA RR, Mo B ETEAS 5% AT B8 1) A im LA R
FA[4] [15]. BEEEEME, GEdibss RAAR TS HAEMIH “ RERE” FLUER[11] [12]. F
I, 3 TR A AR B R — SRR, S Wi B B AR OB B —Fa A5 (4] [13].
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2.2. RRMEHEBEBRRMENER

FERG LR B SR R 00 23 L, TR T S TR A R R T A B R R [ 1] O Il R B
WH R RERRIT AR AR R RHEE[16]. CK7/CK20/CDX2 A /248 4t H nf 5 (1) 2k
fili 5k BG: PDAC 28 CK7 BHTE, 14s B lvm AR I CKT Btk CK20 J¢ CDX2 FHYE[16]. BEHE%E
M/, Rk AT 751456 8 A 2 (special AT-rich sequence-binding protein 2, SATB2)X} 45 B[ 73 AL A i =3 1
Ktk #5 EAYREIVEMERS 5% R F 2 (caudal type homeobox 2, CDX2) 5k FH A A K2 s iR ml i F5 M 45 H e
AR 16]. Befa, G560 S SR A5 BIR A W AR B, RAR LT Z R K AR B =, b7
JERE R IR [T [11].

23. BT REAUNSTERSE

PDAC 43 R i PR 3, A 8] A BB A AN [ (42 28 7 DL RS A [|36 7 T BUBURR FE I AN [R] 2 AL [8]-
[10]o W TEVEREAT I 3%, AT RS2 BE T A THC K317 20 B[ 17][18]. 7£ GATA Z54HEH 6 (GATA
binding protein 6, GATA6)H1, ‘EHINAZ—MENFTEER ) IR EN): GATAG6 =3k I BN 22 B
3R, GATAG i iA Bl bk 2 ] s ] T3 S AL AL 43 7 (Basal-like), F H 75 2 H HAR T RE & AR VR 7 HkHT
[18]-[20]. HBTANIRIRIBF FEAETUAAR . BMEFN AN R HE 7 TASAEAE S 225, THC 43 BY 8 2 b F A 3 B g
AT RIIHERR, ASBEVE N B dE S A7 IOFRUE[17] [21]-[23]. IHC 73 B A 78— sE F2E b 35 W44 PDAC
I EEMAT R S de AR AR YT, B AR AERA M AR e AR T b 10 SR Sl 45 753 JHC DA, FH I PR A S A
HBIT IR [11] [12].

SR, b5 2 bR S ADEE A I S E AN T 56 3 , g5 40k IE MR PDAC 2 WrHERAYER “HB) TR
ARy “CORBEIEYE” [4] [11] [13].

3. BiEHEXERANREY

H1T PDAC i fEiR%E . iR, WUEMRIG VIR 2 )5 3 MAAF 45 R 22 A 0K 1] [24]-[26]. T
H R4 SR TR VP0G 24K EE TNM 73, A REE ROk SRS bR, (HIX AR R AN RE AT 52 T 0
WA PR P9 LE I B 2247 9 (24]-[26] BRIE, 3 4RTHE B A A A shoR il 1) T s 250 20 BRI IR i R
e

3.1. HWHEMEXIREY

Ki-67 3855 £ Y)(Ki-67 antigen, Ki-67) & H I N i) 72« & MAIGFETENR, & Ki-67 88— K5
W R, RN AR AT A 27 (HR TS, HBMEE . WO A vs P
) SRR S S v AR s L nT R, R A R R R LN G A R i LA T

3.2. EEEARESRERN

A Ft i~ SMAD4 (DPC4)Z 5115 TGF-4 {5 51, SMAD4 FKikkk 2 PDAC fi WL ZHZ %
ST ERIENR, FNBEEERG LE S, TRaT{E N PDAC MMM R . TEERRE, X
T SMAD4 ARAFIB AR R, AEPIAG. RRFET T EMH e FEA—FMS R, ALl
PRI LG5 A B B 5 HIG AR 0 B L R e 52 1r0ie 7 77 SOl AT iR . pS3 i IR T R e R A T B R4 A
FaE PRI — PP, G AN SCERAROE R B TR hR o] BeERAS RIS RS A O 1, (B A R i) 45 SR R,
HASE AT SRR — 5, R ps3 FMIEA— MR EVIIN 2 S50k & Py 22 R
W
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3.3.EMT. ME4RSREIFE

B - 18] )i 4k (epithelial-mesenchymal transition, EMT)AH < 5438 (B E-#5% 25 (1 (E-cadherin) T [%. 7
T £ El (vimentin) B i) S22 58 XA 2152 . BIFRELR, 80 EMT & PDAC FilE#t 7t d 1+
Sy EEWTT A [28]-[31]. HUFRREER) 2, EMT Sihp b 2IELEDIRE, HAAER MM ETRME, Kk
Kb L 43 AT B 06 5 A1 B IR [28]-[31]. FEEERE, M A A Rl F (vascular endothelial growth factor,
VEGF)& ML AR A8 s 5 e ik F A QI VRS AEAE P i, TR 7 JE 1R B 284 R 5 PDAC “fiKifiL
B+ LA BRI EAT OC[32] [33]. Hidtt B AR S AT AERE AR 1A AR — M hR
Yot PR IE) BT - G - ORI 2 4EVFAG[1] [34]-[36].

3.4. REEXTEIERF

HH T PDAC i 2 S M PO R, Wb 2020 A S b 2 ik 5 10U 1 90 38 2K 52 31 v FE AL
[1] [34] [35] H i ©A 787 BRI SCHR 252550 45 SR R AR P MESE T O A4 1 (programmed death-ligand 1, PD-
L)ERIE SR E SRR MR, EREMEE S, AR AR R Lor o R Z RO, it
Feg v n] EEVEIA S (1] [12] [37]-[40] SUbTERURAFAMR R, SRiE(T 400, B IERT)
HERRRRLERGIFN O AL, 38R “RBERM” v T nl 58 TAE IR 73 2 4EFE[34]-
[36]

AL, HH T4 T3 PPl B B A G 1) S B I W 8 1) R 22 2R W) (8 BOR SR B AR,
IR B SRR A B L B 70 53 b S g S S 12k o

4. T B ETr X REAWREY

H TR S 28 R R 1A, RETIIYE T N 8 AR TT AR E9) N PDAC BF LIS 1]
T HALAS T I 0T 4T, SORASANT AT 4%, RAE VR T A e br W6 & A A i S R R Se[11] [12].
WS, HarEEH TR RER THC fatr AR, HECHE T REIL T . FLEMIRKE
X[41]-[47].

4.1. REIRTTEXIREY

PDAC X S K6 25 s 4 ) S R+ 40 A B, T AR A SR A © /0 4 BDECR ) B el 08 T
YT MR A R B e A AR R 1] 5 TR bl i 5t IR &, PD-L1 ARy e 5 i8I AH 6 AR 7E PDAC
HRIBH PR 2 52 Z2 M PP A AR AE A RE I, O B M E T RE R TR AR FH [ 117 [12] [37]-[40]. SICIERLE
FANFEMI AL, B ECIE R B IG/ S BE f TE ASF2 8 (deficient mismatch repair/high microsatellite instability,
dMMR/MSI-H) B 7 PDAC HZFE I, (E2 VAT & W, Rk MMR 2 EH THC 7] AR 2 i /R R0
TE S BT 3Rt NRERIAI T-BL[41] [42].

4.2. BEIRTTHEXIREY

BN NF R AEK R F 24K 2 (human epidermal growth factor receptor 2, HER2)Y 1/id FIiA7E PDAC
BT 5 BEAIAS i, (B2 JE T B A 0 T 47 sl BE 5, DR THC (& 9% ' S A 2% 22 (fluorescence in situ hybridization,
FISH))& R A SRR, 5 591 HER2 J697 e F AR . F TSI V4 [43]-[47]. SUER AR, W4
TR 2 R AR R0 o 0 41 8 T S A ) 2 e R/ R R B R AR AE BH 11 F8 2 gk A7 SR s 1k
fril. FFESRIAN 2, dMMR/MSI-H 7E PDAC F ) FLSERHIE G . RGLxdk 5108835 7R, PDAC
H MSI/AMMR S8 K AE 22009 1%~2%,  1EK F S ARAEAL /50 10E 77V I 7t rh B 2 B 29 1% /2 43 [48]

&
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ZH0OBAF(n = 445)7F MMR EAHRH THC & 7RER dMMR A H R Y 1.6%, #3E—BEuFHLE
PDAC )& T 5 W F[49]. K, 76 BI85 A 38 75 AU i B st g e b, 58 4 B A SR 2 4 MMIR
THC ZH N8 7973 BEAS AL R o 1) GBI T = KR /52 R A2 RGUIATT - NLARFF UK
BRERTIN, T E 50 0 4 R /S B TR B HH T E AR A 3R A TERF (W KRAS B A2 BB R /s 1 H A AR AIE)
HR SE I R MSUMMR $FAf,  BARR Rt &L [50]

4.3. T R AR RARE

NP BUAZ A #53844 1 (human equilibrative nucleoside transporter 1, hENT1)J2& 75 it fih 7 3F X\ 48 ffd fr 06
i sk, WA TR0 i L2 7R hENTI SRk 5 AT V67 IOV AH IC[48] [49]. (H & BFR i
5, AFEUAE. Getr6 AT S foma 25 R — Bk, e “R AR TR R I ) K
WFAES[11] [12] [50]-[54]. BElutk, AT TREIAR A 06 98 15 22 7™ 6 1) 70 M 98Ik 2 58 73 R o oL — BUVEAJE
FLFFo

4.4. NRE—IEFREIGE S TRMIRE

BT PDAC 1697 SN A2 T IR RS R e (1, MEE g R A 21 W8 KGR RRE =38 A HE A,
HRFESAE . R TIAREAL[8]-[23] [55] [56]. HI-T-K TP br 4 MR 2% [ B HERE 2 AT 6 i1l
IR T HEMBORA G R R T R 2@+ JERN—2, ME TR B[] [12] [55] [56].

4.5. JETTHHXHLE S THC B0 P Ik SR

TELEA TR R T 56 3% (9 [, CLDN18.2. NTRK fili&455 4 AT 17 548 5 IEHES) PDAC VA7 HH 5%
REIN Aoy 27 b5 “ NBEIE - NS - 20 FE” M4, ¥t CLDNI8.2 1M s,
BOE A AT o} F e 98 11 4L 43 2 78 EL 4R HoAE PDAC JEUR AL B R kb R AR5 L, mdad THC AR
PR IR 5 5 5 B 1 LU VP A AE S, S CLDN18.2 B [l 597 IRVE 7E NI U2 £ fib s 21 2 SR i[5 7]-[62] . H
FEFLSAHE R BAF o, CLDN18/CLDN18.2 HIFHMEZZ Hifh e . Jeta F & KFAPERME R 2%, SECRFE
W FE RIS H A TE RS B2 s 51 i 20 D B A B SR F ™ A 1 ““ v s ™ 10 5 o (A ¢ v B 491 P9 44 o 1 30
H /SRS YL ), R R BH M LU 208 = A A, A3 s i s B LR A (i, (H B 5 L BA A mT S 1 1
TR R 5k ER DR T O AT LI [63] [64].

SR, PDAC & A8 77 G R AN A T8 A2 W 5 401 BRAG I, /PR ASARZENEAS 2 B o e g 72 1] S
JAPE, FIREIE R CLDN18.2 THC [ “fifli /A o IEIIWFA L 19744 7 CLDNI18.2 7Vt VB 5 R K
I T — 8k, BoRiER S VIR Sk — S BT EGRr, RSN CLDN18.2 BH 49 41l () US4 v] REAS
B, PRERAUEIERE A R TR NALIR AR T, B BRI SR . A B S AR E65].

L CLDN18.2 N[, NTRK1/2/3 fili& 76 B A R AR R A, & AR “THC 6 + 77
WE” FISRMSHR NG R ER 12 . ESMO 26T NTRK & Rl (0 HEFEBA B it - 7ERRG 7 WL g 28 8 v, ]
%P pan-TRK THC 1ENRTZIFEE, {H IHC FHAEIREIR AT (e RNA-NGS)BHTHfIE; 7SR svr A
e A R B RS B, IR AT B RS E AT T A Rl [61] [66]. THELSREIZ, pan-TRK IHC JFIE
CPHMERRRS” , HAE NI T EAFAE 58 BB P A B A XU, X A ] i A 2R 20 R BB B AN e 4
—5 Bk, B RS (reflex testing) 5 7E BRI K37 5t >R RNA ZHHHIERES, /¥ NTRK
B SR AT AT A ) P S A% O FR T [62] [63] [67]-

5. SRR AR R
R GHEAAAE PDAC FER VP h A I, FONGIAR R I 2 77 T BRAR 1] [12]. A
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R ME 55

IXLE R, A BT USRI RS I HHE s 4 R & BRAR 3117 [12] [57]-[60] -
5.1. KRR RG—

HTF ARSI EEPUA R .. RV 6. PURBE IEMERE T HAAAEZESR, ML Sm
— U R W B A MR AR A2 BRI [59] [60]. 1 PD-L1. HER2 &4 5 2470k 2 BT P bR 4 o8 o5 2 ™
FEIGAE S A AL IR R . I, EE07. 88— i s i) Mo MR PRAb A 28 it RS I R % Ak I T () S 1R 26128

5.2. MER RN SEBE R

PDAC {71E 3535 25 W)/ (R S S P, /TS A B BT b AR ] BE T VRAR R BEAR A W R, 5 B0 3 1 B
R ZE[2] 3] [11]o RILR L5 B AR AR SHUFE 78 401, B Gk BEAMEE[11] [12]0

53. ¥EBITESUREER

648 THC Z e L, F9RITE S G TUE R . By il 5 EE A BRI %
B RIER Tk, (HHEAE I SLEI I L I ) SRR R [55] [56].

5.4. B—AREYIR R RIR

FH T IR AT N2 B Tl S L R R B i, —E AN et e o kB 5, IR ER. &3
WO R JE 2 Fabn B AR T [24]-[26] . 10 R T0UG /TR A 78 I B P2 A% 1B AE IS 5 R U (REMARK), 77 fig
W, B E S R AMENE57] [58]-

55. S FRMNNXANTEE—LHAS

FEARBIMGEER G R R e RIS TR E 2 i 2 AR AR A, AR
FHEAR . e “TEAS - THC - 7 TAE - 238 ” (b R AV A ROk e U AR 0 10 75 111 [55]
[56].

MILA 22 GETE AT 45 BoRE, i A/E N PDAC —MoRnil - BEE I —Fh “HlBhiS I T2 %%
WR—Fh “CZHEFEIGRIEAG T o R IEA SR RIAR S A GRS SE I W, 7E 2 FhAE Y D Re 4t FE I
GRS, ARG A A AR A, A5 MR e MR T TS 3 B 2 AR [23]. Ak, ARfTER
PRI R HIR MR PDAC E 4110 7 Bl AT R, KRB A B I BT ETIREY . EHR
IE UL K PR R B 2 A7 AR R R i S A I PR AR 2R, FFRIR B BE 2 (143 253 JZ 7K F[55]

6. RE

a5 73 T IR =BT SC RN, PDAC HYAEM 27 5 oL It I M g 4 T [81-[10], T S Be 2L AL TE 2 ik R A
GUILAS My FHRAER — MR 11] [12]. {H HBTETCIELET L BT HERR i AR AR AR5 51, 16752
IR BRI E AR T 21290 SRmS S5 &N 2 TR o [11] [12] [57]-[60]

B4, HERNA MR S AR HERTEAL, PRI S A IR PR B I R . ARSI =
PUiR LR VP 0 77 RAFE— 25, IREIT 2 i OnEdE 8 & A N s R, ARS8 A A H ]
RERCN A A B ZE R JE T, 5T PDAC J& T 2B S 5B MR AR RE, FEMAIE F R H R IREL
D RedEEfRbrss & ALk, KA B T TE RO Infe e 1 o JZ 1k &R [24]-[26]

B BdkAh, B AAERE o TR & AR T W, THC v R AT LI F B, RILATREAF
FES; 15 W WAERE— AT R 1 1] [12] [41] [42]. Her i, N TR BESEHARA BT IHC 45 R M E WA E
DAR S 2 3R BB W, A BT 5 1) 22 S ik /s DA R R B R R B [55] [56], Rid A KIE RETE 21
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RKAE 5

TR PE I PR UESE R W ISR FAPEAR S BIR R E SC, RV 75 0] AL SRRl I A hR SR 45 ¥0 7 e ok
RS, DAL R, BARBIAR TN TT e Bt I AR 24 58y R B AR R Bt 45 5, ] LR 2%
UE BB 12 W i

SIS B E N SR B W 0 — 873, EZ 4BV rhib ] LGS, #t— P4 % PDAC
WM. FFEEE R, AW sng, JFeg s r G a N, B0 B TR RHET. 5
LR E e W 28, ik PDAC IRFRIZIT EIREARIL . MALL . RITEAL I A R FERE[55] [56]

FRUELR 2R AR, S e LA BORE A% e VA 1 T B AR SO B 22 248 (19 11 PR R SR FH i 24K
.

SE K
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