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Figure 1 Schematic diagram of immunohistochemical staining and its
clinical application

24 5 B PR RN (U.S. Food and Drug Administration,
FDA) %R 55§ [r) 24 1) 4 75 215 i e oo FH OB
RIS IR0 1R SC AR, FF3 5 B R ERE 12 Y.

¥ [ 5 Herceptin“ (M 2 2R .90), %2600 T T 78
HER2#™ 34 ()32 i PR 7L . 3= i P 7L s A 2 A A

FZ R b BEATHER2 Y SR, LI 75 224 B

FIREASIE A, WTHER2 G 4140 558 6 IR A7 4458

(fluorescence in situ hybridization, FISHYK: ", %

TJFBL Z Wik e PR BEAS FRA R T B A2 W, i
o TR B W IT G 2 SR T 1

4kHerceptin“ 254 B i J5, W AMIF 98 ATF4A
e s i o Y, R IR /NH B At AT DAAR B8 DX
FH: K (EGFR, KRAS, ALK, ROSI)fIAS [FIHEAT 43 2562,
B 2 £ % ALK FEHEAEBE 12 W= dfh i i, ALK %241
R AR /N2 B e ) R BT H , FISHRTAR A S 20
A B ARSI 5 4. RIS, B 3Ol /IN A e it e 2B 48
W EGFREBUK IS, W 2 EGFR-TKIZi#)i4y7 24
) 0 245 5 TR0 019 BERAG I A 2 B8 3297 I L 7R A
A, R AR 75 BRI A o 24 RAS A Ko kAR 24
U, S G867 TR A, s mEE
#‘iﬂJﬁﬁE’]Zi%&fﬁﬁ 539 FEAGE WU A 35 R ASE
) 22 FE DR RGN, Z 5 EHER), A
JIHRRE T K {E@TE’JEE.

4 PSRBT R

B8 K D IT MR IR, 2 TR B DAL AR AN A
A BT A 1) B B R FH RO TE S R R (PR . X1
AR LR B 5 B o TR B E B, NRERE
BREfFFCRTHY, T20034E S T W& — A0 FEth
HISLIO . fENROLRW, SRRES 5T ZHEERZ H
O AR, fn AT B A% 2 L EGFRIEAE [ i e
5 N3R5 T 5 B vb¥6 97 TPASSIR R IR 5, Xt ALKF
32 (R B Mg 28 2 AT B 3T AR M JE i 2
CREE, HF R R S NEFRNCCNTEFE. &5 H br

“RNFFAR
eaEn ) wmEn ) xEme ) wErw ) CANF ) swEEs

2 N
IS

ATGCCTTA

/ ~

GCGCGAT

GATCGCGT RN
g § :

/g % TCATTAGC
ATTAGCT -
=T NS GCGATGCT

JHH T

1. ERE 2. HFHR

B2 ARSI AR B i A I

3. BEARFT 4. RERIT

S. fralEm 6. BRHE

Figure 2 Workflow of next-generation sequencing and its clinical application

1103



A LA 0 TR (R

I RARES:, PR B A J 1 B A0 B B2 4k DL B 3R]
BA @R E R i = mEe ). Bk, b
PRI Bt B R A Sk 3R ) 1 BE S = A R
T RS E A S TIRET G, TFE S A BT,
Tras sl 3 E 75 B 2 K e

EROR ] A 43 BELE I R 2 ) 82 FH e T T o
MG, R4, 2 E BRI, N 9T i
e S EE . FUNRE BB AR A g (A AR 9T I PR
B FERUOF AU R AR A OM I, AR Py o
ER RS B T FLE TR B il B
RIGRIE, A HAEHT B 24 7 201,
FE I AR B s BER} EH 2008 4F 22 56 ) AR I HE AR
AT e L o) e RSN, S 300, 2 R DRI AGr i, g e yeg S
Sl R = AR A 56 22 1 73 59 BEAE

TARKT I ARAE A S A R B ER R R, FE
TE T E A BRI R AR R P 4. N TR
fE sk E N o7 B AR S [ bR, b st A e
BB 20114 22 Sk o7 B 5K 2 45 VA o0
(Pathology Quality Control Center, PQCC)7%) 7 i i
P, R4 [ O3 B4R LA, 0T 4 [ B o 5
=07 LI = 4 B AT SRR, s,
SRR H A E29 N R T HIG X, BRI H a5
TFISH. PCRA —ARMF-FErMuiH. R, &
RSP E S TR ERIBE, HES R TR B
Gb, WRAEE N IMZIT e, AL AR B 3R A Sk
B 7 20T AR A 87370 B I A R
KR, AW FLIE . OR VR, e
Fi 3 1) 5% 88 P g =),

I3 TR BRI S S, A8 Y A 20 2R

S5 3k

KPR T BB EGE S5, ST 1 PR EAE T
K, P92 AN B 2 AT DA PR B T8 R B WHOWLR
32 5WHOMR 2K B g 5. b il &
BB, ARA S5 BRI R L AN
SEIRAH, RIS AR S A A SE 2 422K, A
PRI 5o B anAk.  BLAN, BEAE R TR )
MIN TR REROARAE B AP R, U B MR
2 2R I RAS B A BB A OV TTRE, KRS
REHETUN B R, 15 S RIS yT TAET I,
> TR R E AR S 2 R IE 7 TR B
LR E G RESEANA IR, (LR, BB R
X, UL TR RGN E, TS T
TR K K.

5 jgH

FE LS 27 ¥ R e A AL S0 B2 5 45 T B
R T HITARA B EALIE. HZU0 B 22 il R
BRRA, BB R, A R B AR
T @M R, 21 B DI AR B Y B
CWRYE, FEIFY R TImARE R P, AN TR G
W HLEE ST i, WA ROt Rl L2 B K Oy
TIREEZ 2R, MBS i E2, A
TGV B 230 2 7019 B2 I R SR MR AR T 1R 25 Bk
i, WRBEAABEZ. > TRERI SR = B 36
By o TIRERAA B FEHLE SR 2R ER AN
3 Je 5 35 A SR PR AR RS L, AR RCE AR BE
FURME 9 B 500 BB % oD HESE AL, R ST 55 Tt
PR (] PAY 9 B 2 oA B A e ) EELAE.

1 Niendorf A. Microscopes and beyond—advanced pathology. J Biophoton, 2012, 5: 297-298

2 Hajdu S I. A note from history: microscopic contributions of pioneer pathologists. Ann Clin Lab Sci, 2011, 41: 201-206

3 Sukswai N, Khoury J D. Immunohistochemistry innovations for diagnosis and tissue-based biomarker detection. Curr Hematol Malig Rep, 2019,

14: 368-375

4 Campanella G, Hanna M G, Geneslaw L, et al. Clinical-grade computational pathology using weakly supervised deep learning on whole slide

images. Nat Med, 2019, 25: 1301-1309

5 Niazi M K K, Parwani AV, Gurcan M N. Digital pathology and artificial intelligence. Lancet Oncol, 2019, 20: €253—€261

6 BeraK, Schalper K A, Rimm D L, et al. Artificial intelligence in digital pathology—new tools for diagnosis and precision oncology. Nat Rev Clin

Oncol, 2019, 16: 703-715

7 Cui M, Zhang D Y. Artificial intelligence and computational pathology. Lab Invest, 2021, 101: 412-422

1104


https://doi.org/10.1002/jbio.201200504
https://doi.org/10.1007/s11899-019-00533-9
https://doi.org/10.1038/s41591-019-0508-1
https://doi.org/10.1016/S1470-2045(19)30154-8
https://doi.org/10.1038/s41571-019-0252-y
https://doi.org/10.1038/s41571-019-0252-y
https://doi.org/10.1038/s41374-020-00514-0

REBE: ARl 2021 4 51 % 8

12
13
14

22

23
24

25

26
27

28

29

30

31

32

33

34

35

Jiang C, Gu J. History and current state of pathology in China. Virchows Arch, 2013, 463: 599-608

Li S. Zhengxiang Hu: Exploring the essence of medicine (in Chinese). China Health Hum Resour, 2012, 8: 64-65 [2=4F. #IE R REEZ AR,
R PAE N, 2012, 8: 64-65]

Wu X. Remembering Zhengxiang Hu and his many contributions to Chin J Pathol (in Chinese). Chin J Pathol, 2005, 34: 828 [ 5. [F1Z 5 1E 1
HE B R A B 2 A R I Tk, AR AR 2R R, 2005, 34: 828]

Liu T H, Chen J, Zeng X J. Morphologic study of pancreatic head and ampullary region carcinoma with special reference to pathologic basis of
jaundice. Chin Med J, 1983, 96: 95-104

Liu T H, Chen J, Zeng X J. Histogenesis of pancreatic head and ampullary region carcinoma. Chin Med J, 1983, 96: 167-174

Watson J D, Crick F H C. The structure of DNA. Cold Spring Harb Symp Quant Biol, 1953, 18: 123-131

Stricker T, Catenacci D V T, Seiwert T Y. Molecular profiling of cancer—the future of personalized cancer medicine: A primer on cancer biology
and the tools necessary to bring molecular testing to the clinic. Semin Oncol, 2011, 38: 173-185

Konig I R, Fuchs O, Hansen G, et al. What is precision medicine? Eur Respir J, 2017, 50: 1700391

Bluth M J, Bluth M H. Molecular pathology techniques. Clin Lab Med, 2013, 33: 753-772

Huntsman D G, Ladanyi M. The molecular pathology of cancer: from pan-genomics to post-genomics. J Pathol, 2018, 244: 509-511

Bluth M J, Bluth M H. Molecular pathology techniques. Clin Lab Med, 2018, 38: 215-236

Hench J, Jermann P M, Bratic Hench I, et al. Aktuelle molekularpathologische methoden. Ther Umsch, 2019, 76: 173-178

Nalley C. The role of companion diagnostics in oncology care. Oncol Times, 2017, 39: 24-26

Lin L, Sirohi D, Coleman J F, et al. American Society of Clinical Oncology/College of American Pathologists 2018 focused update of breast
cancer HER2 FISH testing guidelines results from a national reference laboratory. Am J Clin Pathol, 2019, 152: 479-485

Clay M R, Iberri D J, Bangs C D, et al. Clinicopathologic characteristics of HER2 FISH-ambiguous breast cancer at a single institution. Am J
Surg Pathol, 2013, 37: 120-127

Zheng M. Classification and pathology of lung cancer. Surg Oncol Clin N Am, 2016, 25: 447-468

Tsukamoto R, Ohsaki H, Hosokawa S, et al. Qualitative and quantitative cytomorphological features of primary anaplastic lymphoma kinase-
positive lung cancer. Cytopathology, 2019, 30: 295-300

Chung C. Tyrosine kinase inhibitors for epidermal growth factor receptor gene mutation-positive non-small cell lung cancers: an update for recent
advances in therapeutics. J Oncol Pharm Pract, 2016, 22: 461-476

Tumbrink H L, Heimsoeth A, Sos M L. The next tier of EGFR resistance mutations in lung cancer. Oncogene, 2021, 40: 1-11

Zeng X, Liang Z'Y. Status and application of molecular pathoogy in development of personalized medicine in cancer therapy (in Chinese). Chin J
Pathol, 2016, 45: 3—5 [ 35, Z8 5. 2> TR ELAE IR AL BT R R h B AL AN PR . AR B 2R 0, 2016, 45: 3-5)

Zhu M H, Liu T H. Emphasis on standardi2ation of molecular pathology laboratories (in Chinese). Chin J Pathol, 2013, 42: 649-651 [4<BH1E, X||
FEAE. BT B SIS = AR AL R . TP AR A G, 2013, 42: 649-651]

Chinese Society of Pathology, Chinese Pathologist Association, Committee of Oncopathology of Chinese Anticancer Association, et al. Guideline
of construction of molecular pathology laboratory (in Chinese). Chin J Pathol, 2015, 44: 369-371 [ @& 2= 2R B 22 02, E B T2 e 2
RIEITSr 4, R ESUE DS MEREE R RS, & PRI Hl = 8RR aMT). TR A&, 2015, 44: 369-371]

Zhang J, Liang Z, Gao J, et al. Pulmonary adenocarcinoma with a micropapillary pattern: a clinicopathological, immunophenotypic and
molecular analysis. Histopathology, 2011, 59: 1204-1214

Roy S, Coldren C, Karunamurthy A, et al. Standards and guidelines for validating next-generation sequencing bioinformatics pipelines. J Mol
Diagn, 2018, 20: 4-27

Jennings L J, Arcila M E, Corless C, et al. Guidelines for validation of next-generation sequencing-based oncology panels: A joint consensus
recommendation of the association for molecular pathology and college of american pathologists. J Mol Diagn, 2017, 19: 341-365

Li M M, Datto M, Duncavage E J, et al. Standards and guidelines for the interpretation and reporting of sequence variants in cancer. J] Mol Diagn,
2017, 19: 423

Wu H W. Chinese expert consensus on next-generation sequencing-based BRCA1/2 testing (in Chinese). Chin J Pathol, 2018, 47: 401406 [ 5/
S EET R A H R FBRCAFE R R AR o L K 3R, i 228 3K, 2018, 47: 401-406]

Committee of Consensus of Fluorescence in Situ Hybridization on Technology. Guidelines for next-generation sequencing-based BRCA1/2
genetic testing (in Chinese). Chin J Pathol, 2019, 48: 670677 [ &R AL ¢ AR M B AR F NG S 2. 2T F — QM P B AR BRCA /23 KA

1105


https://doi.org/10.1007/s00428-013-1449-6
https://doi.org/10.1101/SQB.1953.018.01.020
https://doi.org/10.1053/j.seminoncol.2011.01.013
https://doi.org/10.1183/13993003.00391-2017
https://doi.org/10.1016/j.cll.2013.09.004
https://doi.org/10.1002/path.5057
https://doi.org/10.1016/j.cll.2018.03.004
https://doi.org/10.1024/0040-5930/a001081
https://doi.org/10.1097/01.COT.0000516748.21023.cf
https://doi.org/10.1093/ajcp/aqz061
https://doi.org/10.1097/PAS.0b013e31826ab19d
https://doi.org/10.1097/PAS.0b013e31826ab19d
https://doi.org/10.1016/j.soc.2016.02.003
https://doi.org/10.1111/cyt.12667
https://doi.org/10.1177/1078155215577810
https://doi.org/10.1038/s41388-020-01510-w
https://doi.org/10.1111/j.1365-2559.2011.04050.x
https://doi.org/10.1016/j.jmoldx.2017.11.003
https://doi.org/10.1016/j.jmoldx.2017.11.003
https://doi.org/10.1016/j.jmoldx.2017.01.011
https://doi.org/10.1016/j.jmoldx.2016.10.002

A LA 0 TR (R

36

37

38

39

40

41

42

TFERE(2019R). HHEJBE 2 &, 2019, 48: 670-677]

Wu H W, Shao J Y. Chinese expert consensus on molecular tests in colorectal cancer (in Chinese). Chin J Pathol, 2018, 47: 237-240 [ =63, AR
K. S5 E IR T ARSI L FI0R. rh AR, 2018, 47: 237-240]

Chinese Society of Pathology, Chinese Pathology Quality Control Center. Chinese expert consensus on BRCA1/2 variant interpretation (2021
version) (in Chinese). Chin J Pathol, 2021, 50: 565-571[HH # & S & #2243 2 18 509 BT 3% 0. BRCA/204R it B & & 41112021
Ji). FRAEREL A48, 2021, 50: 565-571]

Chinese Society of Pathology, Pathology Quality Control Center, Chinese Medical Association Chinese Society of Oncology, et al. Guidelines on
clinical practice of molecular tests in non-small cell lung cancer in China (in Chinese). Chin J Pathol, 2021, 50: 323-332 [FF4E[E 2 205 B =43
2, EZURE B Tt BRIt 272, 5. /NI s 2319 BEAGT Il R S BR FE R (202 1hR). T AR B A R K, 2021,
50: 323-332]

Wang X T, Xia Q Y, Ye S B, et al. RNA sequencing of Xpll translocation-associated cancers reveals novel gene fusions and distinctive
clinicopathologic correlations. Mod Pathol, 2018, 31: 1346-1360

Wu H, Bui M M, Zhou L, et al. Phosphaturic mesenchymal tumor with an admixture of epithelial and mesenchymal elements in the jaws:
clinicopathological and immunohistochemical analysis of 22 cases with literature review. Mod Pathol, 2019, 32: 189-204

Shui R, Liang X, Li X, et al. Hormone receptor and human epidermal growth factor receptor 2 detection in invasive breast carcinoma: a
retrospective study of 12,467 patients from 19 Chinese Representative clinical centers. Clin Breast Cancer, 2020, 20: e65—¢74

Wang J, Yi Y, Xiao Y, et al. Prevalence of recurrent oncogenic fusion in mismatch repair-deficient colorectal carcinoma with hypermethylated
MLH]1 and wild-type BRAF and KRAS. Mod Pathol, 2019, 32: 1053-1064

Molecular pathology: the new era of clinical pathology

ZHANG Hui, LI RuiYu & LIANG ZhiYong
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Histopathology and molecular pathology are two important branches of human pathology, which provide a bridge between clinical
and basic medicine. As a basic discipline of clinical pathology, histopathology is the basic morphology for the study of pathogenesis.
As a developing discipline, molecular pathology has gradually penetrated the entire process of clinical management. Digital
pathology based on artificial intelligence has prompted the deep integration of histopathology, molecular pathology and clinical
information to enrich the mission of pathology. Clinical pathologists should integrate histopathology and molecular pathology to
accurately practise personalized medicine by new technologies and methods.
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