WEEERFFR 2025452 HE5 46 8552 hups://xuebao.smmu.edu.cn
Academic Journal of Naval Medical University, Feb. 2025, Vol. 46, No. 2 e |55 -

- FPAFEALE

ek #H#., FHEEN, BEFEAF (F_FEAY) §—MEERFEA £
T, HEAESH., 2L THENAFETERESX R, AREFHELFM. AEFAREF
LMK EEREXLE RREEN ., FHMA N T FHF, 2015—2016 F b= B E L V4 #F
ke (NIH) 5% 1 4, i M E PR & 4 890k B 98 % K Elaine Jaffe #3% . & K & Fifk B3
LB EHEALNRELH LR DM, ARELETERMSRERET2&F
ZRERRE K, TEHRAER¥ L REFLVERREAEHER, YEEMHSR
, A BHEMPSEFALRERSER, PTREFLREFSSMEBAZE R, FEHE B2
EEEVERL2ER, AENALELMALELX 604K, THEXOAMFELT ETE 1 . EHETAK
BIFHE 19, N#& EETHILIAL T, SABIFARARKEAEE XBRAR, RIMAZFI 2 K,

DOI: 10.16781/j.CN31-2187/R.20230551

ERGME M ERIS RS

BA AR, AT
WEEERS (B -FERSF) B—WEERFIER, i 200433

URZE ] BEE > TS e e I PR BT IZ B, AT R L 0 2L 2 i R LRI A A RUBOR A
HE DU A B HEAE SRt e HESh il LR B B2 o AU 4 T TR R B2 W S OF S AT EOR,
AR RFEN IR . JEERAE DNA 734 SR B AN AL AT 5 255 IF ABTAR WHO ik I 32 it 2 2 g 702
R, FEA TR UL R AR AR | BUS R SR T RO, LU S R AR B2 S IR RTR YT o

(oREEIR ] RGN WRELR; HBIZHT 67

(SIAARST] FEFIH, frbek . SEPIRIN DR CURIS PR 2 [T, R I EAR, 2025, 46 (2) « 155-
167. DOI: 10.16781/j.CN31-2187/R.20230551.

Genetic detection in diagnosis and treatment of lymphoma

JIAO Lijuan, HE Miaoxia’
Department of Pathology, The First Affiliated Hospital of Naval Medical University (Second Military Medical University),
Shanghai 200433, China

[ Abstract | Many genomic features of lymphohematopoietic tissue tumors have been recognized by molecular
pathological testing and high-throughput sequencing technology. The gene detection technology and its progress are of
great significance for the diagnosis and treatment of lymphoma. This paper introduces new technologies for the pathological
diagnosis and research of lymphoma, including whole genome sequencing, circulating tumor DNA analysis, single cell
analysis and epigenetic research, etc. The latest progress in the genetic characteristics, prognostic stratification and treatment
prospects of common lymphoma based on the new WHO classification of lymphohematopoietic tissue tumors will help to
guide the pathological diagnosis and clinical treatment of lymphoma.
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o WMEJEFAEN—BXEEE R
;FU‘/QT LEEERSNE, kXA ke
7 DL g 4 1k B F 88 (myeloid differentiation factor
88, MYDSS) L265P % & 4 #AE, £ 4 M &
W 90% YL E 7 7& B-Raf & 7% 2 A ( B-Raf proto-
oncogene, BRAF) V60OE X & %4 (82, k4%
B AL WEERALHENEERE, €
FHWHEE, —kTHFEARERLED . #¢
FHRHRENINEATEESMHE A, — &7 HHE
A B A, 4% oF R AL 242 %2 (fluorescence in situ
hybridization, FISH) %, 7L H & Hww &ML
. Lerg Tt aNE T HAETE
Bt A o S kLR E B R BOR R L
iy RGUE AR T R . R Ak B A A
40 fL AT IR S, AR o ok B3 40 4R 5 By VR S A vk

FRM%EFERET B3 SER>, xik
R T B AAE AT A oA 3 20 4R o e 3 TR A A
AEHG AR MR RN, EHBAKEE LW, 36
T EHE . FIBT TR & 7 AR AR

1 EHAFHEFRGNEAR D KBRS EE RN
Ml

PCR # A 7 3t Ig 0 T 28 it % 1k 2 [ & HE #E 4T
7 AT, FISH R T A0l 5 & w2, &
Hee e %, miEENFR AL S 1 B H DNA
(circulating tumor DNA, ctDNA ) 247, ¥ 40 jif
27 8 DNA F 3 Ak 07 S 50K, i 45 3 4% 5 41 A
EHEAHATHEE, 2FNN, B ZEA TR
TR e R . IR R B 1 AL A K
T AR s A by REEH B (K1)

R1 AREEUEARKNEE S HHE

Tab 1 Detection range and characteristics of different detection techniques

Technique Target Level Significance Example
PCR Gene rearrangement DNA Clonality Immunoglobulin and T cell
receptor gene rearrangements
FISH Chromosomal aberration, Chromosome Gene fusion, gene MYC and Bcl2 gene
translocation amplification, gene deletion rearrangements
TRS Gene mutation and DNA Target gene abnormality Targeted second generation
variation sequencing
WTS mRNA, IncRNA,
circRNA, miRNA
WES Gene mutation and Exon Deep sequencing Low-frequency mutations
variation and rare variants
WGS Gene sequence and DNA Understanding unknown Gene variants and copy
structural variation variants number variations
ctDNA Circulating tumor cell ctDNA Gene rearrangements, multiple Dynamic monitoring of
gene mutations, gene fusions, genetic information after
and copy number alterations  treatment
Single cell analysis Tumor cell clusters DNA, RNA Tumor cells and immune cells  Single-cell sequencing

DNA methylation and  Epigenetic analysis
chromatin analysis

DNA, chromatin

and spatial transcriptomics

analysis
Tumor cell origin, Methylation histone
chromatin abnormalities modification

PCR: Polymerase chain reaction; FISH: Fluorescence in situ hybridization; MYC: MYC proto-oncogene; Bcl2: B-cell lymphoma 2;

TRS: Target region sequencing; WTS: Whole-transcriptome sequencing; IncRNA: Long non-coding RNA; circRNA: Circular RNA;
miRNA: MicroRNA; WES: Whole-exome sequencing; WGS: Whole-genome sequencing; ctDNA: Circulating tumor DNA.

L1 ZaFMFHEA FRENFHAZTER
EDNA F B, XEMBMXELS RETRY
¥, k- FSERGE EHRTHERANT, FF
ﬁ%ﬁ%%éom$A*E#%% =l b=
#AENF A AT E XN F (target region

. A48 Fl 7 (whole-exome
sequencing, WES ) F14 3£ [F 4171 ¥ ( whole-genome
sequencing, WGS) .

sequencing, TRS)

TRS SCAR#E 1w 25 N Jr, 2t = o B A7 2 A
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X 5 DNA B 347 % @ B F oy 7 % . TRS #t 3k
QSR AR N R e R S U 6 R D o e U i
TEAMFR, HMZEEREESR G RO R NEE
AL, ZEVa KD WA 25 9T K 7 i Bo 0 & F 0 B A
A

WES & xt 28 5 41 #9230 4 B F 3E AT 400 8
Tk, EREFBRENSSDFRBAFHR, — KK
FBAARA B FRAHSATEEHK, 2HEE
JEHH#HATHBEEMNF. AT WGS, WES # X
BN, ERGHMEEENT, L ERFEMAR
R A R R S, I RO I R A A [ 4 2L
#rmE

WGS = | Fl & # &N 57 -F & 5 A KT B MK
BB A F AT T Fn £ I B F T8
HAY . WGS T 4 T 448 & H 4 DNA A F oy
AR, BIFERANEMMER R, K IFHRERE N
WA ZRERERE., FREEEZENH . ZKIFH W
HERREREELZRE L. HXT WES, WGS
ML HEEREEGERANTRRE, KI K4
WEELT R, AFENER (WEEEH) . #0
BAEMA (k59 8) | BERTFRE FESR
R A g, WGS Atk B4 T T
KAGERERGHERRE (BHEEFHEFMHE
MR A ) Ao % A 2 B P& ot B A T B8 B LA wr
=, Pl BOE 3 E E AL BCR AR T R R
FEFOEERE Bel2 Rk, RAEW KRB EHEA 1
( nucleophosmin 1, NPM1 ) :: 8] % M itk & 98 % B
(‘anaplastic lymphoma kinase, ALK ) 3 & 4 &k &
HEEMEME R, HTRAFEDH . £k
7 Fu TG H T B EE A AR, MYC g 2 (MYC
proto-oncogene, MYC ) #1 Bcl6 B B 7 & H FL A4,
M MYCEHMTRAE TS, BT BLER
MERBEEFENEE, FRAEAENERES
FEREXESHETFHERGEN, ELNEHEH
%, f& 40 FISH A I 3 K # DR A X S R E s %7,
18] 4 7 08 MM B 4 L R P R e B UL B
BHENRNARE , FRERETFAFNEERT
A HmEEAZTARNFETMR TR TES,
3'4e #F X ( 3"-untranslated region, 3-UTR ) % #4
T RE AR T A M E B E A D(cyclinD,
CCND) 1, CD274 #1 NF-xB 411 #| H F (% % # &
HEWERL, HBNERL TR EZELENEL

AN RKBAAEEL, HELEEMETHNEER
BT, B R WGS A B A ik B 2T
1.2 ctDNA # i  ctDNA & A 8 40 s B % 2 &
H(EFELE, MERE) 04 s RSN
F P RELE B DNA, TH & HAl R4, B &
BLF T % A % b By o 2 E 9 A S N, A A
CtDNA kAR K, T EAREMW, F&
o % 5 b 8 5 W7 36 97 46 X B9 AR AE . otDNA A Il 7T
FTHEENIghTARSEKERES,, Z2HH
KA, HRARAFMENLERE", AH4E40
FA&M AT ) kW E R F AT AR S B E
ik R E R, S AN ER K, B B3 AT
i B e, 3 4L B 96 97 RORL o b 7k
Y B 4 B B o AR AT R &Y L B A,
F TR B B TR E AR AT ctDNA A I 8K ZE
—F B R ST i R E A fp 4

1.3 Bmpaoydr  H AT R BT B R
G0 G A, LS R BN B B 40 e R
il S R ) B e
DRl v Wl s N A e i A
FHO e E A EANSAFE . B Em
IR T4 R B, Tk b R 52 Bk AR Bk
W, EFERIAN G FEEE A& a3 (formalin-
fixed paraffin-embedding, FFPE ) 41 41 3¢ &t =2 [d]
A AR, etk F 405 (whole-transcriptome
sequencing, WTS) . 78|64 F 4t %) | 345
AREFR, R TAENFRMEYNERLFEFNNE
K, ERLSFHAE LG, FERDFTREFEE
KF o o R B 40 B A BOK 2 28 B 0 otk 2,08 9
¥7 H 8] By B 4E e e ek g AR R K, R I
R, RET T ERES, fHEFAFRT AR
SRR TR R, BRE ke ED T #E,
BEELEH,

1.4 DNA WAL ERyH R FHLH
EMREBREFREFERBER, BAEEZNER
&3 L. DNA ¥ X AR A T 247k B8 4
MAIR, S BRE L WA BT 2 B EA EEMN
B, kS BREE P L REEMER R TR
b F e e BE R B AR, Ao R A R 3 IR e e ]
B AR # M B 91 %] B F (cyclin-dependent kinase
inhibitor, CDKN ) 2A #1 SMAD % i i 7 1, ¥ #
S5km#tRMK, BHENTWAMEX, WEHT
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1t DNA W 3t 42 5 B 3 ) /| b 45 2 8 7 &AL, i R G
B AT B 23N R 9 i T I PR 5 % o O 4R 5 AR T A AR A R R T A
ALFHLEROMATENAER A RE B By o B8 B AL, ok R 2R R O A AR A R B sk
AAEENE" ., HEABEBHEETREL A ERATA, DARGRARAR AR iRk . B R R 3R R K
BXETHERFIRANEERFFCAEMNREE %, ¥ AFFPEAZWRINT %, EEGLHTFH
HRYPDTHEENIEREMER, WHREES TERAR AR AT R EARAAE AN, D& KR EH
T TC M TE M B R R B R O R A A R A R lERERAETRERDMNYNACEERERER
n M ATE A F A EERAR, Zeste EE X, HE, FFPEALCAZTMURA TR ER A%
3 5% ¥ [E JF 4 2 (enhancer of zeste homolog 2, M. WES 72 WTS, 12 Z WGS % F f¢ F FFPE 4
EZH?) FAURLT S RAEAHI Ba® 27 = F LT, 2R FEENFHAHEATEER
A B b F I, BEZH2 3% Al 5 7 5 43 fy L H ., B EaReE. FIEEREREE.
BE; A&k AMAKRNTF £ B 82D (histone- FREFTHREERZSHIHH#TTEEAEE
lysine N-methyltransferase 2D, KMT2D ) # F % GIRER
TRESEELAFAEEHI BAR 42T N

2 EIHEE AR FHE
W T A, TR AE G £ PR RS AR T4

WaE Hha; SETE MR 2AFEa M AR F & BardkE e ma AMENrRMETHESF
4 % B ( SET domain containing 2, histone lysine kA 9m R A AT, LT %ﬂ}%& WHO % F ik
methyltransferase; SETD2) # FH R & § &% 4 & B AR R AN EY AR
B H3 # Z B8 36 = ¥ % fk (histone H3 lysine 36 SR8 A R RRAE, DA B f?ﬁ#ﬁ@[ﬁﬁﬁ%?ﬁ%%

trimethylation, H3K36me3) % %, {# i 4 /it & B FIR AR LR B W R E A & R R, BEATRLEE
WEFEREEATRE, XRARERALH T W ER B FET (X2) .

F2 ENMBEREERGNRE

Tab 2 Genetic testing strategies for common lymphomas

Lymphoma type Genetic changes and methods Diagnostic value Clinical application ~ Detection recommendation
B-cell lymphoma Ig gene rearrangement: PCR Determine the clone of To help determine the WGS for the detection of
or gene sequencing B lymphocyte tumor lesion CNAs and SVs WTS to
detect microenvironment
signatures
CLL/SLL IGHV mutation status: IGHV Prognostic and Evaluation of BCR, CNAs,
sequencing predictive SV, MRD and prognosis
TP53 mutations: gene
sequencing
Hairy cell leukemia ~ BRAF V600E mutations: Help for pathological
gene sequencing and diagnosis
immunohistochemistry

Follicular lymphoma  Bc/2 rearrangement: FISH Help for pathological ~ EZH2 mutations can be

EZH2 mutations: gene diagnosis, especially used as a basis for the

. the Bcl2 negative use of EZH?2 inhibitors
sequencing lymphoma by IHC
Mantle cell lymphoma CCNDI, CCND2, and Help for pathological ~ Prognostic and HTS help determine the
CCND3 rearrangement: FISH diagnosis predictive MRD, etc.
TP53 mutations: gene
sequencing
Marginal zone Bcl2 and CCND1 Help for pathological
lymphoma rearrangement: FISH diagnosis

MALTI, Bell0, and FOXP1
rearrangement: FISH

KLF2 and NOTCH?2 mutation:
HTS
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(%X 2)
Lymphoma type Genetic changes and methods Diagnostic value Clinical application = Detection recommendation
MM t(4;14)NSD2::IGH; t(14;16)  Diagnosis of the MM t(11;14) can help WGS for subtype
IGH::MAF; t(11;14) subtypes evaluate venetoclax assignment, risk
CCNDI::IGH: FISH treatment response stratification, and decision
making MRD using HTS
for decision making
Lymphoplasmacytic MYDS88 L265P mutations: Aid to differentially To predict the efficacy HTS methods for sensitive
lymphoma gene sequencing diagnose with small of ibrutinib treatment ~ mutation detection
CXCR4 mutations: gene B-cell lymphomas
sequencing
Large B-cell MYC, Bcl2, and/or Bcl6 Required to exclude The WGS and GEP are
lymphoma rearrangement: FISH HGBCL-DH-Bc¢/2 and used to determine cell
COO subtype: GEP HGBCL-DH-Bcl6 origin and residual lesions
HGBCL MYC, Bcl2, and/or Bcl6 Help for pathological ~ Prognostic and HTS helps to identify the
rearrangement: FISH diagnosis predictive partner genes of MYC
rearrangements
Burkitt lymphoma MYC, Bcl2, and/or Bcl6 Required to exclude
rearrangement: FISH HGBCL
Pediatric lymphomas TNFRSF14, MAP2K1 or Help for differential Guide for treatment HTS helps detect CNAs
IRF8 abnormal: FISH diagnosis and SV, etc.
IRF4 and Bcl6 rearrangement:
FISH
Hodgkin lymphoma  9p24.1 amplification: FISH ctDNA for the detection of
genetic aberrations in the
Hodgkin/Reed-Sternberg
cells and for response-
adapted therapy
Anaplastic large cell ALK gene fusion: FISH Help for pathological ~ Guide the ALK
lymphoma diagnosis inhibitor application

DUSP22-IRF4 gene
rearrangement: FISH

T follicular helper cell TET2, DNMT34,IDH2 and  Help for pathological ~ DNMT3A hotspot

lymphoma RHOA mutations: HTS or diagnosis mutations may help
PCR to predict treatment
response and prognosis
Peripheral T-cell Minor alterations such as Prognostic and
lymphoma insertional mutations: HTS predictive

TP53 mutations: HTS

NK/T cell lymphoma CD274 structural variant: Prognostic and
HTS predictive
STAT3 and STAT5B gene

mutations: HTS

Ig: Immunoglobulin; PCR: Polymerase chain reaction; WGS: Whole-genome sequencing; CNA: Copy-number aberration;
SV: Structural variation; WTS: Whole-transcriptome sequencing; CLL: Chronic lymphocytic leukemia; SLL: Small lymphocytic
lymphoma; IGHV: Immunoglobulin heavy chain variable region; BCR: B-cell receptor; MRD: Measurable residual disease; TP53:
Tumor protein p53; BRAF: B-Raf proto-oncogene; Bcel: B-cell lymphoma gene; FISH: Fluorescence in situ hybridization; EZH2:
Enhancer of zeste homolog 2; IHC: Immunohistochemistry; CCND: Cyclin D; HTS: High-throughput sequencing; MALT1: Mucosa-
associated lymphoid tissue 1; FOXP1: Forkhead box protein P1; KLF2: Kriippel like factor 2; NOTCH2: Neurogenic locus notch
homolog 2; MM: Multiple myeloma; NSD2: Nuclear receptor binding SET domain protein 2; IGH: Immunoglobulin heavy chain;
MAF: MAF bZIP transcription factor; MYDS88: Myeloid differentiation factor 88; CXCR4: C-X-C motif chemokine receptor 4; MYC:
MYC proto-oncogene; COO: Cell of origin classification; GEP: Gene expression profiling; HGBCL: High-grade B-cell lymphomas;
DH: Double hit; TNFRSF14: Tumor necrosis factor receptor superfamily member 14; MAP2K1: Mitogen-activated protein kinase
kinase 1; IRF: Interferon regulatory factor; ctDNA: Circulating tumor DNA; ALK: Anaplastic lymphoma kinase; DUSP22: Dual-
specificity phosphatase 22; TET2: TET methylcytosine dioxygenase 2; DNMT3A: DNA methyltransferase 3 a; IDH2: Isocitrate
dehydrogenase 2; RHOA: Ras homolog family member A; NK: Natural killer; STAT: Signal transducer and activator of transcription.
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2.1 ® LKA B iRt B
2,11 PR 40 B IS ( chronic lymphocytic
leukemia, CLL) /7> #k B 40 B #k B 9% (small
lymphocytic lymphoma, SLL) CLL/SLL % #f #a
BN EEKRKB T A F kL FAME, 20 CLL/
SLL # #%.z 3k & & # # 7 & X (immunoglobulin
heavy chain variable region, IGHV ) * & ¥ ¥ £
EHfk AR TRSEHEENME, CLL ¥
IGHV #E 5k RA BH W BITT 460 8] . &+
GHE ML LRI FEREER" . AN FISH
B del(11q). 12 5 % & h = £, del(13q)
#1 del(17p) 7 BL & H del(17p) T & % £ B xt b 57
R A, CLL % IGHV R 7 5 4 27 7 1 t
WM HEHEAREFE, ¥ mAfEE i TRER
1% B % i % 1K (B-cell receptor, BCR) . Toll #
% 1K (Toll-like receptor, TLR) . NF-kB f1 #f £
JEME AL ] B 8k 0[5 JE & & (neurogenic locus notch
homolog, NOTCH) 15 5 3 %, L X DNA # 17 K
BL. RNA fu TAn % Jii {545, /8 & & p53 (tumor
protein p53, TP53) #k [A wr 4 3 % i del(17p) =X
TPS3 R F A RE 5| #&, TPS3wm AT HEZR/
HERHEN, TPS3IRE ST RMEMK, FiF
RV Em gy KR L HEE (ataxia telangiectasia-
mutated gene, ATM ) R % 5 DNA#H 5. L7 B9
FRER, WFERANTFARKR, TEHEEA
2 B ( Bruton’s tyrosine kinase, BTK ) . %k Jig B
Cy2 #n fit X & & B 48 = 3 K jk B 7 11 (caspase
recruitment domain family member 11, CARDII ) #]
R Fn Bel2 th %% 27 5§ BTK 3 4| 7 n 4E 4 72 41
(venetoclax ) it 25 4826 " & B F Fook R
Eail o NI 0 s o U - R S = N = B B
E #f, IGHV %7 {8 % TP53 w4 B CLL & # 17 4
WA F R IBITAE N — % BT, T BTK 31 4| A
K4t CD20 1R ¥ 1] 36 7 B i o R R IGHV R %
CLL A% oyt ib iy 7 %% .
2.1.2 P& 3 Pk B 9 (follicular lymphoma,
FL) £ #FL, RAFLA+ — 4% A FL 3 DL
1(14:18)(q32:q21/IGH::Bel2 5 1 3] # Bel2 % % %
$eAE . FL 89 4 F 46 A B) F Bel2 5 i A ¥ FL
WK A D W, FL B R RHLE o Rkt . kWt
FMITEEENE LR AL A ESEERNR
B RE, Al &L KWL T EF 4 CREB

4 & & A (CREB binding protein, CREBBP) .
KMT2D, EZH2, % 5 [ F %0 fl 28 g 38 % & 5
2B, X 3k #£ & A (Forkhead box protein, FOX)
Ol. &7 54 F K % T # 7% B F (signal transducer
and activator of transcription, STAT ) 6, "i %L 3/ #
FWMERFEEARGETEAB AKX LS T WWRASH X
GTP 4 &% 8 C. ATP B H' #5 V1 T 3£ B2 %;
fo 3 B — B 5 % ORI AR AR R o F B E
I F % KA F ik Ak 57t 14 (tumor necrosis factor
receptor superfamily member 14, TNFRSF14 ) %% |
IGV A N-# B 45 %, (B8 = a8 XN
B, ®WARIFENIERH AN, % E FDA E K 3t 8t
BEZTED 2 KL 5T EHEHATEZH2 1T
| ) fb 3% 5 f (tazemetostat ) 757 BT 5 &l EZH?2
FHEP B TERLBRT PRI AREBENE
N A FEHAT AN
2.1.3 & 4 Jfd bk I 9% (mantle cell lymphoma,
MCL) % # A 70 g fnw A MCL ¥ # % CCNDI
HEEEH, UKD E CCND2 5 CCND3 # FH & 4,
F#Z 5 %% k& @ £ 4 (immunoglobulin heavy
chain, IGH) S A EHE A HELHEA x>,
CCND # [ & # 7 i it FISH £ 7, CCND1 #
EAXRARFEARNERNR A TEELERA
Eo B ARRTWIGHV £ H 3 B A F F %k ki
9 MCL & # 38 % B A Bt & 09 SRY & %k /7 11
( SRY-box transcription factor 11, SOX11 ) F ik /K
F, {2 & A MCL &R TiRIZB 4 M, %W
IGHV % [ % %, i SOXI1 £ ™, z s
MCL 7 ATM, KMT2D . TP53. 4 4T3k 5 % IAP &
& 75| % A 3 (baculoviral IAP repeat containing 3,
BIRC3) #7 CCNDI # 3"UTR & % # %, % % &
EHEHRA, AfmA MCL® L% EHFHR
3 fit % B (activation induced cytidine deaminase,
AID) /-5t CCNDI #1 TP53 %7, W A T A oy &
MRS RAL A EERELZLNERAE
M Bk, G4 %, &4 TP53, CDKN2A %k fu
MYCEHHmE AL,
2.1.4 X W E R ( marginal zone lymphoma,
MZL) MZL RHAEM EARR Y, Mkt ¥
Ao FREAE T LA BY K A MZL 5 M fb /N B 4
WE g, R L6 MZL B A T R A
W AE, FEW R IEFH%K B4 M A K BCR,
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NF-xB 71 NOTCH % = & . F5/EA XM E 44
( mucosa-associated lymphoid tissue, MALT ) ik &
R — R 44 MZL, AR H 3 B AR 3| 3 A B A Ak
My E A%, B R MALT i BB & % & &
t(11;18) (q21;q21)/BIRC3::MALTI & 4, £ 5 i |
EATH A EMALT HhEEFEL N, FHE
dhy 17T I M A A R KR A
Ji o BB B 2 MALT 3k B 8 8 % & 4 1(14;18)
(932;q21YIGH::MALTI % . W 4k g A0 IR [t B 2
MALT #t & 58 % W t(3;14)(p14.1;q32)/FOXP1::IGH
AL, B5 R R KBRS % KRR 8E % KR
( lymphoproliferative disease, LPD ) #H %, t(1;14)
(p22;q32)/Bcl10::1GH 5 i 7 % T § 2 it MALT it
B R E Bk % K LPD B 2 B4R, T %
AOMILF B EENBEAXRE Foulb FE B3
( TNF alpha induced protein 3, TNFAIP3) % %,
DUIRIE B % MALT M B H &8 4 L2, BEA %
BRI % X LPD # 40 j & W 5t 1= % R FAS R & 8
WO, AT B4 MZL ¥ 8Z MALT #f B8 % I
By 5% 602 ok A R R 4 X M B B 3t
ty 3% 7 &, HAFAE R NOTCH %k [H 4n NOTCH?2
NOTCHI ., spen X Jk % F M #| A F, NF-xB 55 %
FA Kk ZEEmBIRC3, By EIFAEF 2 EAEREF3
Fu Kriippel # # 5 B F 2 (Kriippel like factor 2,
KLF2) Wy R 7%, #hE % MZL B H #54F & BRAF #1
EHBARERBEZED R T, MIEMIL Y X
NF-«kB, NOTCH #u KLF2 4] X %, # TP53. MAPK
FoTLR 8y R, 7 N, 7q31-32 ty 4 F o4& 2
2.1.5 ZkMiE ke (multiple myeloma, MM ) [
Ut FMMRAB S ERAEE, MM #
WAL A F BB T FISH, W ¥ @ 1 3 F %3k
A/ 5 WGS
EAHHAN MM 5 AMjd sz T A, 4% CCND X ik
Z L. MAF bZIP # FZHF Xk m L. B2 K& 4E
SETHEH 2 L., B _fFHEmEFKE, £EF
T A By 45 & B W96 )T, GEP A4 R R
B ROE Y G FEARAE, W —FF D BT MM BT
WGS #ll Hwfe 7 . R M# T, %
RN E R EE, PRI BTG N EEF
A FE ((4;14). t(14:16). add(1q). del(17p).
del(13q). # 2+ 40} 78 RAS % & 2k B [5 I8 4 Fo
Kirsten X A B R HF@ LR RE, MYCEH %,

i ( gene expression profiling, GEP)

AR A MM 367 B A Y L 3 T 1(4514)
s del(17p) &%, & A BRI ARAFL AL
FLiBTY, AT TaRAAE T L IEK B o Lt B
EBFHP . HLCD3S ik, EamamE A,
I FE e 2K Ay Aok 2 gk & 7T DL T 67 T T el
B G MM, A t(11;14) B8 & MM A U 6 M 2
BHABTEZHED,

2.1.6 bk 3K 40 9 9k I %8 (lymphoplasmacytic
lymphoma, LPL) LPL F Z 7 ££ MYDSS 1 C-X-C
> 5 # M EH F % 1K 4 (C-X-C motif chemokine
receptor 4, CXCR4) Wtk g ® %, JLF Fr & f#
MYDS8 % %t LPL 4 2 3 & 4 % K E 3k & | 1M je
( Waldenstrom macroglobulinemia, WM ) 0L
£ LPL/WM #, MYDS88 #1 CXCR4 11 X % H B %
W R R, TR, BT TR A/ BT &
F., MYDSS R & BTK 1% 5 8§ NF-xB 15 5 & %
WEAG, T CXCR4 R 7% fih & 5 W 25 P48 X 89 ERK fv
AKT fz 5@ ¥, MYDSS % 4 Al % B4 59 iE M
K B 28 fg #k B 8 ( diffuse large B-cell lymphoma,
DLBCL ) 48 fil #y % &, 5 2 NF-«xB & 8 ¥ /& %
BT R 3w, BTK #0440 K3k 3 5] T BK A
| Z & B 36 7 KL PR 1K A / 2 B3t & & 7 3 %
K, T % AT B X MYDSS8 B A AL B 45T R B
F1 Sk — 2t WM B E T 6q 2 oMbk 4k,
H 5 CXCR4 ®EA T H 7, &4 % L H BTK,
Bcl2. NF-xB. TNFAIP3 %1 Ji 1= ¥ [ FOX03, 4t
% LPL/WM 2 2 i CXCR4 # 47t # & # A\ I JK #F
7 A ST, MYDSS #1 CXCR4 R & 3%
25 b 3 F T 48 3E 4 7 M B9 PCRAR T R 4
BREENFTRSRYWE AT RAECELET >
R B4

22 wIAR B @R B

2.2.1 DLBCL DLBCL # 4 F 4 & & % & %77
gty x4t BT A FISH AN T4 A A
MYC Fv Bel2 % #E 49 DLBCL, AR 40 it 42 JE T 5],
DLBCL [ 4 % 7& 1t B %0 Jfl # (activated B cell-
like, ABC) #14 & .0 B 41 5 #% ( germinal center
B-cell like, GCB) T A, it GEP % X % DLBCL
T A, 2t %ok 4 Bk A I #E AT GCB 3
GCB 4 &, ae# & s A BT R K45, ABC LA
DLBCL # % 5 BCR/NF-«B 1z & i# # & (L& %,
BTK 4 # 7| 8 &, L HEZF% . H LW ABC
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A DLBCL # # {# | R-CHOP 7 % ( #| % & #47 .
HBE., ZELE. KEHBR., KED) Kb
BTK # #| | 76 57 KB & 4. 2018 4 Schmitz 4
R =R 73 EE R84 R, ¥ DLBCL 4
4 MCD ( MYDS8SL265P %1 CD79B 3£ % % ) . BN2
( Bcl6 & 4 1 NOTCH2 ® % ) . N1 (NOTCHI %
) FAEZB (EZH2 REFBcl2 1) 4 (4F T
A, MCD T A R B 7 ML BCR f5 5 4 5 fnik i 4% %
W R B #4E . MCD #1 N1 T # DLBCL #3457, %&
R-CHOP 7 % 3t b 7 i BTK 34| 71l 4 % 4 3 %,
EZBT AR BT AL PORREHREE, &4
MYC # [ % 1k 49 GEP #4E 7 # DLBCL 4 MYC™
#1MYC™ LA, [ 4, Chapuy % " ¥ DLBCL 4
K CO~C5 NELQFLEA 4,

2020 4 Wright % ) 34 DLBCL % F 4 #
H MYDSS. NOTCH2. Bcl2, 41 i FHl F £ 5 47
& A 1/ o A B E BT B & B W % B8 1 (serum
and glucocorticoid-regulated kinase 1, SGKI) .
TET ¥ % jf 75 »¢ W o 4 B ( TET methylcytosine
dioxygenase, TET) 2/SGKI1, =K 4 % % 6 %, 3
JF R T — A & 4 % H % LymphGen, LymphGen
B % & — A 3t DLBCL #4712 15 2 ALt 7 3%, 7
/N oL 9 DLBCL PA 7] o & 3 — 2, 7 4 63% HY
DLBCL #t 17 2~ 2, 3 4 37% # DLBCL ¥ # % 7]
BRERFENE, KRR TA, 5 — L0 T LU A
WGS. GEP. %k M.3% & 24 A0 i J8 1 31 58 o A 3
#7032, 75 Wright 4 % Br 42 i 89 6 oAb & AL
R4, W T DLBCL #4F 2 B #F % L £ 1 W 8 &
z#, FklE RN A EMRER. &7 x DLBCL #
TRELH 56T, FEARKRNERREFHN
BEH M, F D FEE WES # WGS % # 4T MYC,
Bcl2 F1 Bel6 & AT, VAR A P 78 30 00 B AR AE
FRATHE 2B
222 (= 95 B4 Mk 2 9 (high-grade B-cell
lymphoma, HGBCL)  H #f £ Z & i & U A &
BARANRABABSHMNERTEAMCH
Bcl2 & # 5k ¥ % HGBCL, #¢ & MYC ¥ Bcl2 #a /
# Bcl6 & # 89 HGBCL X % & W 4T # HGBCL
( HGBCL-double hit, HGBCL-DH) #1 = 4T %
HBBCL ( HGBCL-triple hit, HGBCL-TH ) "',
— ffE F 4 B A 43 A FISH F & #HAT A, 4
— 3 MYC th £ {5 # ® Z HGBCL-DH-Bcl2 ¥ #y

Ig 3£ & B, FISH 4 0l ¥ 4% 2 & 4 20% Wy = H
7], # 4 HGBCL-DH-Bcl2 % % %5 1 i 31, Bel2 .,
KMT2D . CREBBP. TNFRSF14 %1 EZH2 i % %
A, 5FL% a3 E s R AL, & 9 ax 2 Bk g IR
B 4 B ¥ FL = FL # 37 K % % ' . HGBCL-DH-
Bel2 % 7% 95 B B A ¢ R, H P 30% 74 t(3;8)
(927:q24)/Bcl6::MYC (B “th W &7 ) , & &L I
WHO i B3 2 2 i 0 o0 K B i kA 1Y
# 4 HGBCL-DH-Bcl2 % % Fn EZB"MYC ' 7% ] &
TR RSB KRR, K B X R AE By HGBCL %
Zot—F AR . HGBCL 44545 B 45 & — /N B
HAFEXMERRA, FHEZ AL EEH
Llf% //ﬂ-E [1,34-37] .

2.2.3 ARSI ( Burkitt lymphoma, BL)  BL A
BRELTR P R IgHEEEH MYC 5 L, ¥ H
AID R¥ % Sk am A R B EE R MYCEE"
JESRMATHIR B BL# % % EB i & D, w4
MR ZFEBIN S EBRHEXRAK, REkGEH
WAEHIV &3 # % £ BLE G K5, BLH LK
HL# T 46 H EB Jg %k A T 5%, W EB j5 & A M B
R ELRGHEERETR ST, £, BLIWEBH
ERAFEFABAMATYm BT RE"Y . B
W, TPS3R T EABENTEH AT, TkE
BLE Ao 2, Z4h, EORMBERTXE
& 1k % 4t DEAD & ## /¢ B 3 ( DEAD-box helicase
3 X-linked, DDX3X ) k& R %, K H#FKHF 3
REREFTHFDNALAWEHREFIWRET
WOE R BRI B T 3 sk EET %W BL Y EDY
A= T, 7 GCB ¥ # DLBCL # % Wty EZH2 .,
CREBBP F1 KMT2D % 7% # BL ¥ 48 i 35 |
TRATHENEN L H T FENEE., B
AEHERI ., REEBE, EXFORAgH
FHUE M B R MYC E HE W R 0] B JE P 11q % &
A B 28 Jig #k 2 5 (large B-cell lymphoma-11q,
LBCL-11q) , Mt %58 ] % 4 # 5 6 11923.2-923.3
KR Fr 11q24-qter $t &, #5497 7] F I A 22 & M8k
% 113433) 1 BCL-11q %% # % % ETS & & # H 1
( ETS proto-oncogene, ETS1) . G & & T # al3
( G protein subunit alpha 13, GNAI3) . BTG 3%
FHEF2fNF-xBH x5 BAXANRERE,
H k= #A ) BL A %4, LBCL-11q £ ik & &
R, ETSI fafh ke mEka&ka 1 &
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F A Nk R R sk, X5/
DLBCL * 22 2| t 4 11q w5 % | 2, xfax s
i I AT 3 E A 4 A8 & 5 4 B T LBCL-11q #
Y

224 JLEBYIMMEE JLEB4 K EEE
¥ 41,4 )L # A FL ( pediatric-type FL, PTFL) #2F
% % ®F (interferon regulatory factor, IRF) 4
% #:48  # LBCL (LBCL-IRF4) ', PTFL % #,
HREIE R, A EEA R, I,
HHZ Bel2 ki fn /K EH., T PTFL, ¥ #
AEREmEEEFAEHEXEE" . PTFL 7 UA
M | TNFRSF14 % & #n /8 4 2 B & L& & % B
WEE | SIRFS R %, 77 #£ IRF4, MYC 3 Bcl6 &
HEWy BT LA PTFL, B EWE, L&k
45 MZL 5 PTFL B & £ Bl 89 s R A0 0 & 2 45 4E
FAB B R Fn W AR, B 4 MR,
e AT REEHAAFE L FEZRNE —XK
Wi, LBCL-IRF4 % R K L # s § fpi. MFE B X
B4l RIREFEEN, mEASKBEFHEEL
B 1/IRF4 Fu £ & &0 #7303 3t FISH B 24 45 4F #6
A 5| IRF4 & #e 0 Bel6 8, € K B2 EH, %
R W R IRF4EF R %, H5 g R RALA .
Bel6 #n NF-xB # # # 5 (& 4 CARDII, CD79B.
MYDS88) H#7 . HEAEME R L 455 dell7p A1 11q12-
qter 93K 1E P, o 1107 T T 2 Fa s SR BRAE 45 4,
FISH # | 7. IRF4 & #f, A7 Bcl2, Bcl6 fn MYC
EH, MEEIRFAKRERRE, WRAIGHEFNE
He b, 7 2L Wi LBCL-IRF4 ' |

225 EHLEMEIEMARMKEE Z2BEF S
# B & (classic Hodgkin lymphoma, CHL) . &
A MW A B4 Mk B JE (primary mediastinal
large B cell lymphoma, PMBCL ) X 4\ & & X it
B, /& (mediastinal gray-zone lymphoma, MGZL )
R BRWHARHWEALRLE T, EE
A Fu s pR AR AE B9 % % . B FFPE 9 4 47 A& #E 4T
GEP # | ¥ X % DLBCL ## PMBCL, WES # # B
X 4 PMBCL 5 DLBCL #1 CHL ¥ £ [5 % & ',
GEP #2 WES #f % iF 52 MGZL # # 5 CHL #¢
PMBCL # A H A4 T o 84k & 0y 3% 1% Fn 5k B AR AE,
BEEATHRMES AN, 5ETLKEEX
ZEY . WES 24T B B T X MGZL R % %, £
5 TNFAIP3, P2- k& &, GNAI3 R%E ., R T

7%, I FISH A Ml 4 & CD274, w2 F 1T &
B 1 B K 2 f1 Janus 3 B (Janus kinase, JAK ) 2
Fop24.l KB EAFEWY H, THEAEAEZTFTHR
THRA LM A BT A K. #iEECHL & # #
gl

23 LT @il AR A A mpeh g

2.3.1 [ AR MR K20 bk (2 9% (anaplastic large cell
lymphoma, ALCL) % ALK [H ¥ 1 ALK [ P
# ALCL, ALK [ ALCL %3k ALK @k &% A, i
Tt #4048 Ak S A 3 BY AT R A ALK B9k kLt
80% VL + ALCL J& ] 77 76 ALK &= #f, H A XK
J NPM1, FEL1£JF ALK B 2 B % B 30 % 7l 36 7 &
. R4 W HL i NOTCHI % 7% 3, ALK 8 4 3| &
8 NOTCH 3# # 3% 7% = ALK [ ¥ ALCL B # # 57
— A ME LT R, ALK B ALCL Il B 4
WA SR, %7 30% 89 ALCL H 30 3 4% 5 5k 5
B 22 B, BEAIRE & BB MK 0 M T A,
WP rEh, BEERFERE" . ALK &
fi# & & @ p63 ( tumor protein p63, TP63) & H Yy
ALCL B # xf 7 KR 2, T & & K Bk ALCL 57 4
WA TPE3 EH W R 2 MRS, B A
4 ALCL #2315 /1 N 4 % ALCL % £ 8 TP53 R
A, TP53 %7 #n/ 5 PRDMI % % 5 Tl Jg % % 2 %
1140 3L B M\ A % ALCL % & JAK/STAT f &
B . Rk A 15 4 R R R Fr e 1k 20q13.13
ty £ % ) ALK [ ALCL % 3k erb-B2 % (kB 4,
B B 4 ELA A EE 6 T B . ALK Pt ALCL
W IR 5 STAT3 i & 9 3£ B 2% % 4,45 JAKI Fn STAT3
KA PR K cros HIEEUE HF - KB A
R OEE . BREBREE 2. fyn A% Sre Kk B A M
BeAn JAK2 Y EHE, 5 MR e R £k Y
232 VRIS BIVE T 46 B itk 898 (follicular helper
T-cell lymphoma, TFHL )  TFHL & % W # % #%
FREAEERTRL R, #NHATREARE
#'"' . TFHL % # 7 TET2. DNA ¥ # % #% 8 3a
( DNA methyltransferase 3o, DNMT3A ) #2 & #7
1% B Jii 2.8 2 (isocitrate dehydrogenase 2, IDH2)
SXRNAEEATHEFERRE, ¥R T HH 2%
HEE TSR E R F wras BB EIKAKR A
( ras homolog family member A, RHOA ) . vav &
b BB R HE T 1, CD28, A T 4t
M3 . LCK JB % £ W Src % ik B 2% # i &,
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PI3K/Akt 3% /2, DA K Jib 78 4F &1 & [ & 5 TP53,
CDKN24 . ATM . # W8 5K /1 & G FlJE 4 . RB #
A% G 4| B F 1 (RB transcriptional corepressor 1,
RBI) %, BAkTi=, TFHL % # % TET2, DNMT34.,
RHOA %0 IDH2 R4, M T 20 Ja bk B8 +# R 4 I
B waHRE, BH—EHpHmna . TEDR
#1 DNMT34A % 7% % W.-F TFHL, B X &4 E T4
A% B8 ( peripheral T-cell lymphoma, PTCL ) J
Fede A g > L, TR TSRS . TFHL 5§
FHMAARTHEYHRNERRE, XHF
ERBEREX R, B8 TEME DM FE TFHL &
HRANEEABMERG YT EEIEEN BN
KR, Bk, XEE M HEAT K E 4 AT DU A
gk K VBRI E B KUK BE 4 Bh - % . TFHL
PN R NEEINF AT EERES-AM
HFEREFE MG T RMFEAE G M LB
W0 F A B e R B, LA 3R B R R 25
233 PTCL HTH#EENTFHE AL ELEA A
48 B PTCL 7 [& M o A 5 R M A B i, 46
BEBRABEIARAINAEFRE. REFESN
3 & R AE ¥ PTCL 4 45 48 AL 9 % PTCL-T & % X
& F 21 ( T-box transcription factor 21, TBX21 ) ##
PTCL- GATA % 4% # 3 ( GATA binding protein 3,
GATA3) "', PTCL-GATA3 %k 3 i & /& oy % &
44 e M, HEAEZ TP53. CDKN2A/B = RBI th
W F Bk B R E, T PTCL-TBX21 £ 7~ H
REHEFRAE LM RINEE RS EREL
fo, W45 54 e ki k B Fn 4 BelllB 3L B Bty
14q32 X B 0y #0 o-3k 4%, b 08 40 ) 2 [F 4p TP53 Ao
CDKN2A #: % ® 7% 5 PTCL A4 A T B &
HxPY,

234 SEHMT ML/ FARRAGANMOMR R b 26k
P EEEE RGN DN TERBTHS %,
R R A R, FERE" . JAK/STAT 2
EEBEWRERERBENBTEE, EE4X
7 9% A8 < M T 48 ik B 5 ( enteropathy-associated
T-cell lymphoma, EATL) # Hy STAT3 # JAKI,
B b M T4 MMk = 4 (monomorphic
epitheliotropic T-cell lymphoma, MEITL ) # #)
STAT5B 71 JAK3, L K& & i3 B 98 % 15 40
LPD # JAK3 R Ak S HH A, —H4F
F7 1 B 15 M 6 T 40 i LPD 48 3 5 STAT3 R 7%

5 JAK2::STAT3 f: A& % % . MEITL # JL F 2 & H
HSETD2 3t F B %k 3 £ H3K36me3 [& 1%, 18 2 4
EATL Ao G M B W78 T 48 86 / B 4% 2 1% 48 4 LPD
JLFA B/, R, EATLA0 & i3 T 40
i LPD ® KMT2D #0 TET2 % % % £ 2 &5 Jf
RTaRMKEFFEMXEEL KE, B35 9%
B R R 8 T g R = R, 3 E R A4 INOSO
& 4 ATP Bg T 35| #% fl5 Bt ILES 4,5- — sk . 3- ¥ e
# 1t T ¥ 6. SETD2. TET3, SMARCA?2 ( switch
defective/sucrose non-fermentable related, matrix
associated, actin dependent regulator of chromatin,
subfamily a, member 2) B X &; H A #F K IA K
STATSB =, STAT3 4 ¥ T #45 Bh 4 i -
23.5 54N E SR A0 /T 40k 298 (extranodal
nature killer/T-cell lymphoma, ENKTCL )  ENKTCL
W 3 DDX3X. TP53 #ut KMT2D % % 5 # g #
HxR O TEM Y B 4 1B M E B
EB % # & 4 BL A 5 ENKTCL A8 fil 09 2/ R &,
BEMHESK A TARALRFAANREHELE
ENKTCL # # % 4 488> . — 5 % F ENKTCL
MABGELSUAFANAREXTIHNTEEY
FoFRA: (1) Mgams EFR ez EF
KEH, EMYCHREMX, Hekz; (2) 4%
HERMEERTA, FRERLT; (3) FME RN
CD274 3 41, X % 4 25 5 30 71 6 97 B Y,
B AFERK G EHA 24T TR
ENKTCL %.9% i 97 o

3 N &

FWNFENFAMNEAERT KEHAE, X
B R E U b E SR AT 0 KA T R AL
S0 FEMEBFEHRPURBNERRE | F oK
FH. BAEERRARE, AWELSELM
WAEL W AE Y R A T RmEm Y,
mTHREEN SRR E R, KBS F5 R
T 4 A A F A A DL S IR i, AR bk
B, Rea 2. Br®E. fETFaRE
TEA N XA RIES IR WHO % bk B3 o 41
LR 2K, MYCE H 312 22 M B 40 fe ik B 5 19
HMEEXEEY, DAFHERAATIL EHY
Ml DLBCL # MYC 3 [ 5 fr DL B AKX & 2 46 1 %
AP, R g, BATH, EHAFHEH—
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