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[https://www.etymonline.com/word/pathology] 



[https://www.etymonline.com/word/molecule#etymonline_v_17408] 



[https://en.wikipedia.org/wiki/Molecular_pathology] 



[https://en.wikipedia.org/wiki/Molecular_pathology] 



“Although fifteen years have elapsed since the cell doctrine of 
growth has been admitted into physiology and pathology, 
medical men have not yet realized to themselves its vast 
importance in a practical point of view. Professor Virchow of 
Wurzburgh, indeed, has recently endeavoured to replace the 
doctrines of solidism, fluidism, and vitalism, by that of what 
he calls the cell pathology. But I have taught the cell 
pathology for the last fourteen years in this school, and have 
gone further, by showing that it is no more universally 
applicable to the phenomena of disease than is humoralism 
or solidism. Indeed, we may more correctly speak of a 
molecular pathology, as a molecule, and not a cell, is the first 
and last form of organization. But molecules, in their turn, are 
deposited from fluids, and so we again arrive at a species of 
humoralism.” 

John Hughes Bennett, M.D., F.R.S.E. 



“The Present State of the Theory and Practice of Medicine: an 
introductory lecture to the class of the Institutes of Medicine 
in the University of Edinburgh” 
 
delivered on November 6, 1855 by 
John Hughes Bennett, M.D., F.R.S.E. 
Professor of the Institutes of Medicine and of Clinical 
Medicine 
University of Edinburgh  
 



[https://en.wikipedia.org/wiki/John_Hughes_Bennett] 

Bennett JH. Case of hypertrophy of 
the spleen and liver, In which death 
took place from suppuration of the 
blood. Edinburgh Med Surg J 1845; 
64:413-23. 



EM study 

[https://www.ncbi.nlm.nih.gov/pubmed] 



“The chromosome number of man was determined in 
this building in December 1955.” 

[Arnason U. Hereditas 2006 Dec;143(2006):202-11] 



Tjio JH, Levan A. The chromosome 
number of man. Hereditas 1956;42:1-6. 

“The correct chromosome number of man (2n = 46) 
was determined in the laboratory of Albert Levan 
at the Institute of Genetics, University of Lund, 
Sweden. The findings were published in the first 
1956 issue of Hereditas.” 
 

[Arnason U. Hereditas 2006 Dec;143(2006):202-11] 



Metaphase Cytogenetics 
For balanced translocations: 
2 of 20 metaphases (10%) must demonstrate the 
same abnormality (recurrent or non-random) for it to 
be considered a clonal change. 
For copy number variations (CNV): 
3 metaphases must demonstrate the same CNV for it 
to be considered clonal. 
 
[ISCN rules for listing chromosomal rearrangements. Curr Protoc Hum Genet 1998:A.4C.1–A.4C.55.] 



[Manolova et al. Hereditas 1979;90:5-10] 



[Manolova et al. Hereditas 1979;90:5-10] 



Manolov G, Manolova Y. Marker band in one chromosome 14 
from Burkitt lymphomas. Nature. 1972 May 5;237(5349):33-4. 
 
Zech L, Haglund U, Nilsson K, Klein G. Characteristic 
chromosomal abnormalities in biopsies and lymphoid-cell lines 
from patients with Burkitt and non-Burkitt lymphomas. Int J 
Cancer. 1976 Jan 15;17(1):47-56. 
 
“The chromosome 14 marker represents a translocation 

between chromosomes 8 and 14,t (8q-; 14q+).” 



Dalla-Favera R, Bregni M, Erikson J, Patterson D, Gallo RC, 
Croce CM. Human c-myc onc gene is located on the region of 
chromosome 8 that is translocated in Burkitt lymphoma cells. 
Proc Natl Acad Sci USA. 1982 Dec;79(24): 7824-7. 
Taub R, Kirsch I, Morton C, Lenoir G, Swan D, Tronick S, 
Aaronson S, Leder P. Translocation of the c-myc gene into the 
immunoglobulin heavy chain locus in human Burkitt 
lymphoma and murine plasmacytoma cells. Proc Natl Acad Sci 
USA. 1982 Dec;79(24):7837-41. 

“Map c-myc to human chromosome 8 band q24” 



Common Genes Involved in Lymphoma 

B-cell receptor = Immunoglobulin (Ig) 
Ig heavy chain gene (IGH) at 14q32 
Ig kappa light chain gene at 2p11 
Ig lambda light chain gene at 22q11 
Burkitt lymphoma: t(8;14)(q24;q32) 
MYC at 8q24 
IGH at 14q32 



Common Genes Involved in Lymphoma 

DLBCL: t(3;14)(q27;q32) 
BCL6 at 3q27 
IGH at 14q32 
 
Mantle cell lymphoma: t(11;14)(q13;q32) 
CCND1 (BCL1) at 11q13 
IGH at 14q32 



Common Genes Involved in Lymphoma 
Follicular lymphoma: t(14;18)(q32;q21) 
IGH at 14q32 
BCL2 at 18q21 
 
MALT lymphoma: t(11;18)(q21;q21) 
API2 (BIRC3) at 11q21 
MALT1 at 18q21 
 



Common Genes Involved in Lymphoma 
T-cell receptor genes 
Alpha TCR at 14q11.2 
Delta TCR at 14q11.2 
Beta TCR at 7q35 
Gamma TCR at 7p14-15 
ALK+ ALCL: t(2;5)(p23;q35) 
ALK at 2p23 
NPM at 5q35 





[McKinney MS, Dave SS. Origin of non-Hodgkin lymphoma. In: Hoffman R, et al. 
(eds). Hematology: Basic Principles and Practice, 7th ed. Philadelphia, PA: Elsevier; 
2018, p. 1230-43. Based on Alizadeh AA, et al. Nature 2000;403:503-11.] 



[Alizadeh AA, et al. Nature 2000;403:503-11.] 



[McKinney MS, Dave SS. Origin of non-Hodgkin lymphoma. In: Hoffman R, et al. 
(eds). Hematology: Basic Principles and Practice, 7th ed. Philadelphia, PA: Elsevier; 
2018, p. 1230-43.] 



[McKinney MS, Dave SS. Origin of non-Hodgkin lymphoma. In: Hoffman R, et al. (eds). Hematology: Basic Principles and Practice, 
7th ed. Philadelphia, PA: Elsevier; 2018, p. 1230-43. Based on Morin RD, et al. Nature 2011;476:298-303.] 

The Circos 
Diagram 



Proto-oncogenes 
versus 

Tumor suppressor genes 



Proto-oncogenes 
-Transcription Factors & Chromatin Remodelers 
-Signal Transducers 
-Cell Death Regulators 
-Growth Factor Receptors 
-MicroRNA Genes 
 

[Knowles’ Neoplastic Hematopathology, 3rd ed., 2014:168-93.] 



Mechanisms of Oncogene Activation 
-Chromosomal Translocation 
-Aberrant Somatic Hypermutation 
-Point Mutation 
-Gene Amplification 

 

[Knowles’ Neoplastic Hematopathology, 3rd ed., 2014:168-93.] 



Commonly Involved Oncogenes 
-Fusion Oncogenes: NPM1-ALK, API2-MALT1 
-Oncogenes Activated by Ig-associated 
translocations: BCL2, BCL6, CCND1, MYC, MALT1 & 
BCL10  

-Oncogenic Mutations: MYD88, CD79B, CARD11, 
EZH2 

 

[Knowles’ Neoplastic Hematopathology, 3rd ed., 2014:168-93.] 



Tumor Suppressor Genes 
Mechanisms of inactivation 
-Point mutations 
-Genomic deletions 
-Promoter hypermethylation 
 

[Knowles’ Neoplastic Hematopathology, 3rd ed., 2014:168-93.] 



Tumor Suppressor Genes 
- ATM (Ataxia Telangiectasia) 
- Cyclin-Dependent Kinase Inhibitors 
- MicroRNA-15a/MicroRNA-16 
- TP53 
- PRDM1/Blimp-1 
- Retinoblastoma 1 (RB1) 
- TNFAIP3/A20 
- Mixed-Lineage Leukemia 2 (MLL2) 
- CREBBP & EP300 

[Knowles’ Neoplastic Hematopathology, 3rd ed., 2014:168-93.] 





[Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 

relapsed DLBCL, BL, MCL, and transformed FL 

Immune regulation 

B2M : refractory/relapsed DLBCL (GCB subtype), 

transformed FL 

CD58 : refractory/relapsed DLBCL, transformed FL 

1p36 (TNFRSF14) : transformed FL 

[Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 

relapsed DLBCL, BL, MCL, and transformed FL 
JAK/STAT signaling 
SOCS1 : refractory/relapsed DLBCL (ABC subtype) 
STAT6 : refractory/relapsed DLBCL (ABC subtype) 

[Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 

relapsed DLBCL, BL, MCL, and transformed FL 

BCR / NF-kappa B signaling 

NFKBIE : refractory/relapsed DLBCL 

NFKBIZ : refractory/relapsed DLBCL 

6q (TNFAIP3) : transformed FL 
[Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 

relapsed DLBCL, BL, MCL, and transformed FL 

Alternative NF-kappa B signaling 

BIRC3 : refractory/relapsed MCL 

p53 signaling 
PPM1D : refractory/relapsed MCL 

[Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 

relapsed DLBCL, BL, MCL, and transformed FL 

B-cell development 

EBF1 : transformed FL 

Cell cycle progression 

CCND3 : transformed FL 

CDKN2A/B : refractory/relapsed DLBCL (GCB subtype), 

 transformed FL   [Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 

relapsed DLBCL, BL, MCL, and transformed FL 

Cell proliferation 

MYC : transformed FL 

Apoptosis 

BCL2 : transformed FL 

FAS : transformed FL 
[Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 

relapsed DLBCL, BL, MCL, and transformed FL 

DNA damage response 

TP53 : refractory/relapsed DLBCL, transformed FL,  

   refractory/relapsed BL 

BCL6 deregulation 
BCL6 : transformed FL 

[Chan FC et al. J Pathol 2018; 244: 598-609] 



Molecular alterations in refractory/ 
relapsed DLBCL, BL, MCL, and transformed FL 

Epigenetic regulators 

CREBBP : transformed FL 

EZH2 : refractory/relapsed DLBCL (ABC subtype),   

 transformed FL 

MEF2B : refractory/relapsed DLBCL 

KMT2D / MLL2: refractory/relapsed DLBCL, transformed FL                                  
[Chan FC et al. J Pathol 2018; 244: 598-609] 



Other Molecular alterations in refractory/ 
relapsed DLBCL, BL, MCL, and transformed FL 

10p15.3-12.1 (PRKCQ, GATA3, MLLT10, ABl1) : 
 refractory/relapsed DLBCL 
TGF-beta signal : refractory/relapsed DLBCL 
1q, 7q, trisomy 21 : refractory/relapsed BL 
6q, 11q, 13q, 17p (ATM, DLEU, TP53, HIC1) : refractory/ 
 relapsed BL 
6q (EPHA7) : transformed FL 

                                  [Chan FC et al. J Pathol 2018; 244: 598-609] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



[Rosenquist R, et al. J Intern Med 2017;282:371-94] 



Figure 4. In situ hybridization for LTB RNA 
using RNAscope technology in reactive 
GC, predominantly follicular FL, and 
predominantly diffuse FL. In reactive 
follicles, most GC B cells and mantle zone 
cells are positive for LTB RNA. In follicular 
FL, most tumour cells are positive. In 
diffuse FL, only rare cells are stained. 

[Pepe G et al. J Path: Clin Res 2018;4:124-34] 

Figure 6. LTB RNA expression determined 
by RT-PCR. Total RNA was extracted from 
FFPE lymph nodes involved by RL (n = 11), 
predominantly follicular FL (n = 8), and 
predominantly diffuse FL (n = 6). 
Statistical analysis (Student’s t-test): RL 
versus follicular FL p = 0.006; RL versus 
diffuse FL p < 0.001; follicular FL versus 
diffuse FL p = 0.06. 

Lymphotoxin-beta (LTB) 
RNA expression 



[Seifert M & Küppers R. 
Determining the origin of human 
germinal center B cell-derived 
malignancies. In: Calado DP (ed). 
Germinal Centers: Methods and 
Protocols. New York: Humana 
Press; 2017:253-79.] 



[Milpied P, Nadel B, Roulland S. Curr Opin Hematol 2015;22(4):388-96]  

Model of memory B-cell dynamics of 
BCL2/IGH carrying cells in early 
follicular lymphoma pathogenesis 

AID = Activation-induced cytidine deaminase 



[Vogt N et al. Leukemia & Lymphoma 2017;58(7):1530-7.] 



Multistep and multilineage tumorigenesis in AITL 
Blue cells: TET2/DNMT3A mutations 

Red circles: RHOA/IDH2 mutations 
Red triangles: NOTCH1 mutations 

[Fukumoto K, et al. Cancer Science 2018;109:490-96] 



[Fukumoto K, et al. Cancer Science 2018;109:490-96] 

Recurrent Gene Mutations in AITL 



[Küpper R. Origin of Hodgkin lymphoma. In: Hoffman R, et al. (eds). Hematology: 
Basic Principles and Practice, 7th ed. Philadelphia, PA: Elsevier; 2018, p. 1204-11.] 

Hodgkin-Reed-Sternberg Cell & LP Cell Derivation 



Microdissection with molecular genetic technique 

led to prove clonal rearrangement of 

immunoglobulin genes in Hodgkin-Reed-

Sternberg cells 

[Hummel M et al. Hodgkin's disease with monoclonal 

and polyclonal populations of Reed-Sternberg cells. 

New Engl J Med 1995;333:901-6.] 



[Küpper R. Origin of Hodgkin lymphoma. In: Hoffman R, et al. (eds). Hematology: 
Basic Principles and Practice, 7th ed. Philadelphia, PA: Elsevier; 2018, p. 1204-11.] 



[Küpper R. Origin of Hodgkin lymphoma. In: Hoffman R, et al. (eds). Hematology: 
Basic Principles and Practice, 7th ed. Philadelphia, PA: Elsevier; 2018, p. 1204-11.] 



[Küpper R. Origin of Hodgkin lymphoma. In: Hoffman R, et al. (eds). Hematology: 
Basic Principles and Practice, 7th ed. Philadelphia, PA: Elsevier; 2018, p. 1204-11.] 



[Küpper R. Origin of Hodgkin lymphoma. In: Hoffman R, et al. (eds). Hematology: 
Basic Principles and Practice, 7th ed. Philadelphia, PA: Elsevier; 2018, p. 1204-11.] 

NFkB Activation in Hodgkin-Reed-Sternberg cells 

Not found in 
LP cells 



The following were excerpted from the  
WHO classification (revised 4th ed., 2017). 

Please confirm with the original textbook for 
accuracy of the information. 



B Lymphoblastic Lymphoma (B-LBL) 

(B Lymphoblastic Leukemia/Lymphoma, not 

otherwise specified) 

Either a hematopoietic stem cell or a B-cell 

progenitor 

Postulated Normal Counterpart 



Progenitor 
(Ancestor) 

 
Progeny 

(Descendants/offsprings) 



T Lymphoblastic Lymphoma (T-LBL) 

(T Lymphoblastic Leukemia/Lymphoma) 

A thymic lymphocyte 

Note: A T-cell progenitor for acute T 

lymphoblastic leukemia (T-ALL) 

Postulated Normal Counterpart 



T-LBL: 85-90% of all LBLs 

LBL 



B-LBL: 10% of all LBLs 

BUT 

B-ALL: 80-85% of all ALLs 

LBL 



B-Lymphoblastic leukemia/lymphoma with recurrent 

genetic abnormalities: 

“Although patients with B-ALL with BCL-ABL1 may 

have organ involvement, lymphomatous presentations 

are rare.” or “Although organ involvement may be 

seen, pure lymphomatous presentation are not 

typical.” 

B-ALL 



- t(9;22)(q34.1;q11.2); BCL-ABL1 

- t(v;11q23.3); KMT2A-rearranged 

- t(12;21)(p13.2;q22.1); ETV6-RUNX1 

-Hyperdiploidy 

-Hypodiploidy 

- t(5;14)(q31.1;q32.1); IGH/IL3 

(Next 3 more subtypes) 

B-ALL 



- t(1;19)(q23;p13.3); TCF3-PBX1 

- t(v;11q23.3); BCR-ABL1-like 

- iAMP21 

B-ALL 



Genetic Profile: Not described; all about B-ALL! 

Antigen receptor genes: “Nearly all cases of B-ALL 

have clonal rearrangements of IGH. In addition, TR 

gene rearrangements may be seen in a substantial 

proportion of cases (as many as 70%). Therefore, 

IGH and TR gene rearrangements are not helpful 

for lineage assignment.” – for B-ALL 

B-LBL 



Genetic Profile: described for both (T-ALL/LBL) 

Antigen receptor genes: “Almost always shows clonal 

rearrangements of TR genes and there is 

simultaneous presence of IGH gene rearrangements 

in approximately 20% of the cases.” 

T-LBL 



Cytogenetic abnormalities & oncogenes: involving 

Alpha & delta TR loci at 14q11.2 

Beta locus at 7q35 

Gamma locus at 7p14-15 

With a variety of partner genes 

 

T-LBL 



Small Lymphocytic Lymphoma (SLL)/ 

Chronic Lymphocytic Leukemia (CLL) 

An antigen-experienced mature CD5+ B cell 

with mutated or unmutated IGHV genes 

Postulated Normal Counterpart 



 IGHV gene usage: Mutated 50-70% of cases 

(<98% identity with the germline) versus 

Unmutated 30-50% 

 Other cytogenetic abnormalities: 13q del 

(50%), Trisomy 12 (20%), 11q del (ATM & 

BIRC3) (4% vs 27%), 17p del (TP53) (3% vs 

10%), 17p or 11q del (7% vs 35%) 

SLL/CLL 



The most commonly mutated genes (3-15% of 

cases) are NOTCH1, SF3B1, TP53, BIRC3, 

ATM, POT1 & MYD88. (The first 4 more frequent 

at relapse.) 

Whole genome DNA methylation: 3 epigenetic 

subgroups – naïve B cells (unmutated IGHV), 

memory B cells & intermediate (mutated IGHV) 

SLL/CLL 



Splenic Marginal Zone Lymphoma (SMZL) 

A marginal-zone B cell that may or may not 

demonstrate evidence of antigen exposure 

Postulated Normal Counterpart 



 IGHV gene usage: Somatic hypermutation 

(50% of cases) 

 Other cytogenetic abnormalities: lacks 

recurrent chromosomal translocation, different 

from MALT lymphoma; 7q del (30%), KLF2 

mutation (10-40%), NOTCH2 mutation (10-

25%), 3q Gain 

SMZL 



NOTCH2 & KLF2 genes: Physiologically involved 

in proliferation & commitment of mature B cells to 

the marginal zone (homing to the spleen 

compartment & marginal zone differentiation) 

SMZL has an expression signature – 

upregulation of genes belonging to the marginal 

zone differentiation programme 

SMZL 



Extranodal Marginal Zone Lymphoma 

(MALT lymphoma) 

A post-germinal center marginal-zone B cell 

Postulated Normal Counterpart 



 IGHV gene usage: Somatic hypermutation of 

variable regions with biased usage different 

at various anatomical sites 

 Others: t(11;18)(q21; q21) in lung & GI; 

t(14;18)(q32;q21) in ocular adnexa/orbit & 

salivary gld; t(3;14) (p14.1;q32) in thyroid, 

ocular adnexa/orbit & skin 

MALT Lymphoma 



• BIRC3 (11q21) & MALT1 (18q21) fusion in 

t(11;18)(q21; q21) produces a chimeric protein 

(BIRC3-MALT1). 

• When BCL10 (1p22), MALT1 (18q21), or 

FOXP1 (3p14.1) each translocating with IGH 

gene (14q32), results in transcriptional 

deregulation of these genes, respectively. 

MALT Lymphoma 



Others: 

• Trisomy 3 or 18 is a non-specific but also not 

infrequent finding in MALT lymphoma. 

• TNFAIP3 (6q23) abnormalities (15-30% of 

cases – lacking translocation): non-specific 

• MYD88 L265P mutation: 6-9% of cases 

MALT Lymphoma 



Nodal Marginal Zone Lymphoma (NMZL) 

A post-germinal center marginal-zone B cell 

(similar to that given in MALT lymphoma) 

Postulated Normal Counterpart 



 IGHV gene usage: clonally rearranged with a 

predominance of mutated IGHV3 & IGHV4 

family members; cases with HCV association 

preferentially use IGHV1-69 

 Others: shares gains of chr 3 & 18 and loss 

of 6q23-24 with MALT lymphoma and SMZL.  

NMZL 



Others: 

• No 7q21 del or recurrent translocations 

associated with MALT lymphoma. 

• Gene expression profiling shows an increased 

expression of NF-kappaB-related genes. 

• MYD88 L265P mutation: usually absent. 

 

NMZL 



Lymphoplasmacytic Lymphoma (LPL) 

A post-follicular B cell that differentiates into 

plasma cells 

Postulated Normal Counterpart 



 IGHV gene usage: Somatic hypermutation of 

variable regions but lacking ongoing mutation 

 Others: MYD88 L265P mutation (>90% of 

cases); truncating CXCR4 mutation (30%); 

trisomy 4 (20% of cases with Waldenström 

macroglobulinemia); ARID1A mutation (17%) 

LPL 



• MYD88 L265P mutation: also in DLBCL, non-

germinal subtype, primary cutaneous DLBCL, 

leg type, primary CNS & testicular DLBCL 

• Trisomy 3 or 18 is infrequent (different from 

MALT lymphoma). 

• 6q del in BM-based LPL (50% of cases) but 

not in tissue-based LPL. 

LPL 



Follicular Lymphoma (FL) 

A germinal center B cell 

t(14;18)(q32;q21) occurs in BM pre-B cells, 

then fully malignant transformation of these 

t(14;18)+ primed cells occurs during 

(re)entry into the germinal centers. 

Postulated Normal Counterpart 



 IGHV gene usage: Extensive & ongoing 

somatic hypermutation 

 t(14;18)(q32;q21) in 90% of low grade FL 

•FISH is more sensitive than PCR 

•BCL2 & MALT1 look the same in classic 

cytogenetics 

FL 



• BCL2 rearrangement – less frequent in grade 

3B FL 

• Pediatric-type FL & testicular FL: negative for 

BCL2 rearrangement 

• 3q27 abnormalities and/or BCL6 rearrangement 

are found in 5-15% of FL  

FL 



• Other common genetic alterations (90% of FL): 

- Loss of 1p, 6q, 10q, and 17p 

- Gain of chr 1, 6p, 7, 8, 12q, X, and 18q 

• Other mutations: TNFRSF14 (1p36), EZH2*, 

CREBBP*, KMT2D* (MLL2), RRAGC 

*proposed as possible therapeutic targets 

FL 



• Transformation to DLBCL: 

- Inactivation of TP53 & CDKN2A 

- Activation of MYC 

• FL has an increased incidence in patients with 

a history of lymphoma in first-degree family 

members – supported by genome-wide 

association studies. 

FL 



Mantle Cell Lymphoma (MCL) 

A peripheral B cell of the inner mantle zone 

Other postulate pre-germinal center origin 

but some postulate post-germinal center 

origin. 

Postulated Normal Counterpart 



 IGHV gene usage: Unmutated or minimally 

mutated but somatic hypermutation in 15-

40% of cases (lower in load than mutated 

CLL) 

 t(11;14)(q13;q32) in >95% of cases 

•CCND1 alone not enough for development 

MCL 



• SOX11 expression is thought to be important in 

the pathogenesis of MCL. 

• Leukemic non-nodal MCL is usually SOX-11 

negative, may undergo somatic hypermutation, 

presumably in the germinal centers, with more 

genetically stable and preferentially involving 

peripheral blood, marrow, and spleen. 

MCL 



• High number of non-random 2nd chromosomal 

aberrations: gains of 3q26, 7p21 & 8q24 

(MYC); loss of 1p13-31, 6q23-37 (TNFAIP3), 

9q21 (CDKN2A), 11q22-23 (ATM), 13q11-13, 

13q14-34 & 17p13 (TP53). 

• TP53 abnormalities can lead to clinical and 

sometimes morphological progression. 

MCL 



Diffuse Large B-Cell Lymphoma (DLBCL) 

A peripheral mature B cells of either 

germinal center origin (GCB subtype) or 

germinal center exit / early plasmablastic / 

post-germinal center origin (ABC subtype) 

Postulated Normal Counterpart 



 IGHV gene usage: 

•GCB subtype - ongoing somatic 

hypermutation 

•ABC subtype – prior somatic hypermutation 

 Many novel mutations found depending on 

the cell of origin subtypes (GCB or ABC) 

DLBCL 



• BCL6 (3q27) in 30% (most in ABC subtype) 

• BCL2 (18q21.3) in 20-30% (most in GCB 

subtype, 40% of cases) 

• MYC (8q24) in 8-14% (GCB = ABC) 

• Less common: TBL1XR1 in GCB subtype, 

PDL1 & PDL2 in primary testicular DLBCL 

Translocations in DLBCL 



• Mutations in EZH2 and GNA13 

• Gains or amplification of 2p16 or 8q24 

• Deletions of 1p36 or 10q23 

• 40% of cases with BCL2 translocation, closely 

associated with expression of BCL2 and CD10 

proteins 

DLBCL, GCB subtype 



• Mutations in CARD11, MYD88, AND CD79B 

• Gains of 3q27, 11q23-4, or 18q21 

• Deletions of 6q21 or 9p21 

• Most common with BCL6 rearrangements 

DLBCL, ABC subtype 



• BCL2 translocation in GCB subtype treated 

with R-CHOP 

• MYC translocation 

• MYC & BCL2 rearrangements by FISH 

Genetics with inferior outcomes 



Others: 

• TP53 loss and/or mutations 

• Deletions of the CDKN2A locus (9p21) 

• Trisomy 3 

Genetics with inferior outcomes 



• Copy number gains & amplifications vary in 

frequency. 

• They occur in both GCB and ABC subtypes, 

but are slightly more common in the GCB 

subtype. 

MYC locus in DLBCL 



• Observed in 8-14% of DLBCL, evenly in both 

GCB and ABC subtypes. 

• Unlike Burkitt lymphoma, MYC rearrangement 

in DLBCL is typically associated with a 

complex karyotype. Approximately half of them 

show a BCL2 and/or BCL6 translocations – a 

new entity 

MYC rearrangement in DLBCL 



• DLBCL with isolated MYC rearrangement 

belongs to DLBCL, NOS 

• Partners of MYC translocations: 

- Immunoglobulin gene loci (IGH, IGK, IGL) 

- Non-IG loci (PAX5, BCL6, BCL11A, BTG1, 

IKZF1 or IKAROS) – needs FISH assay 

MYC rearrangement in DLBCL 



• Primary breast DLBCL: Most cases are of the 

ABC subtype, showing recurrent mutations of 

MYD88 L265P or CD79B. But rearrangements 

of either BCL2 or BCL6 are rare. 

Extranodal DLBCL 



• Primary gastric DLBCL: mostly of the ABC 

subtype but recurrent mutations of MYD88 or 

CD79B are uncommon. Subsets show 

translocation of BCL6 or rearrangements of 

MYC but BCL2 translocations are uncommon. 

Extranodal DLBCL 



• Primary CNS DLBCL and Primary Testicular 

DLBCL: mostly of the ABC subtype. 

• Lymphoma of immune-privileged sites 

• Testicular DLBCL can spread to the CNS and 

the contralateral testis. 

• High frequency of MYD88 mutations 

Extranodal DLBCL 



• Primary Testicular DLBCL: High frequency of 

MYD88 mutations 

• A subset with CD79B mutations 

• Occasional cases with MYC or BCL6 trans-

locations, but BCL2 translocations are rare. 

• Copy-number gains of the 9p21 locus, the site 

of the ligands for PD1. 



• Most cases are of the ABC subtype 

• BCL2 rearrangements are rare. 

Extranodal DLBCL 



Burkitt Lymphoma (BL) 

A germinal center B cells 

Postulated Normal Counterpart 



 IGHV gene usage: Somatic hypermutation 

and intraclonal diversity 

 MYC (8q24) translocations: most common 

with IGH (14q32); less common with IGK 

(2p12) or IGL (22q11) 

BL 



• Most breakpoints originate from aberrant 

somatic hypermutations mediated by activation-

induced cytidine deaminase. 

• Breakpoint locations are different between 

endemic BL and sporadic BL or immuno-

deficiency-associated BL (upstream of the gene 

versus nearby or within, respectively) 

MYC translocations in BL 



• Other additional chromosomal abnormalities: 

- Gains of 1q, 7, and 12 

- Losses of 6q, 13q32-34, and 17p 

• 10% of classic BL cases lack MYC rearrange-

ments. A new entity: Burkitt-like lymphoma with 

11q aberration 

BL 



• Mutations of the transcription factor TCF3 

(E2A) or its negative regulator ID3 in 70% of 

sporadic BL – activate B-cell receptor signaling 

leading to sustain BL cell survival by engaging 

the PI3K pathway. 

• Other mutations: CCND3, TP53, RHOA, 

SMARCA4, and ARID1A in 5-40% of cases 

Next-generation sequencing in BL 



Peripheral T-cell Lymphoma, Not Otherwise 

Specified (PTCL, NOS) 

Activated mature T cells, typically of the 

CD4+ central memory type of the adaptive 

immune system 

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes in most 

cases 

 Genetic aberrations different from those seen 

in AITL or ALCL 

 Gene expression profiling 

•Expression of TBX21 (T-BET) or GATA3 

PTCL, NOS 



• Recurrent deregulation of genes involved in: 

- Matrix deposition 

- Cytoskeleton organization 

- Cell adhesion 

- Apoptosis / Proliferation 

- Transcription & Signal transduction 

PTCL, NOS 



• The products of the aforementioned genes 

might have therapeutic relevance: 

- Overexpression of PDGFRA can herald 

sensitivity to tyrosine kinase inhibitors 

PTCL, NOS 



Angioimmunoblastic T-cell lymphoma (AITL) 

A CD4+ T follicular helper (TFH) cell 

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes in 75-90% 

of cases 

 Interestingly, clinical IG gene rearrangements 

are found in about 25-30% of cases and 

correlate with expanded EBV-positive B cells. 

AITL 



• Most EBV-infected B cells show ongoing 

mutation activity while carrying hypermutated 

IG genes with destructive mutations, 

suggesting that in AITL, alternative pathways 

operate to allow the survival of these mutating 

so-called “forbidden” immunoglobulin-deficient 

B cells.  

AITL 



• At the gene expression level, the molecular 

profile of AITL is dominated by a strong micro-

environment imprint, including overexpression 

of B cell-related and FDC-related genes, 

chemokines and chemokine receptors, and 

genes related to extracellular matrix and 

vascular biology. 

AITL 



• The signature contributed by the neoplastic 

cells, although quantitatively minor, shows 

features of normal TFH cells. 

• Conventional cytogenetic analysis: Clonal 

aberrations (most commonly trisomies of 

chromosomes 3, 5, and 21; gain of X; and loss 

of 6q) in as many as 90% of cases. 

AITL 



• Comparative genetic hybridization: 

- Recurrent gains of 22q, 19, and 11q13 

- Losses of 13q 

- Only a small number of trisomies 3 and 5 

AITL 



• Next generation sequencing studies: Mutation 

of genes encoding epigenetic modifiers 

- RHOA (60-70%) 

- TET2 (50-80%) 

- DNMT3A (20-30%) 

- IDH2 (20-30%) more specific for AITL 

AITL 



• Mutation of genes encoding T-cell receptor 

signaling pathway (5-10% of cases) 

- FYN 

- PLCG1 

- CD28 

AITL 



• Fusion genes encoding a CTLA4-CD28 hybrid 

protein (>50% of cases) – likely capable of 

transforming inhibitory signals into stimulatory 

signals for T-cell activation. 

• Rare cases with t(5;9)(q33;q22), resulting in 

ITK-SYK gene fusion, initially recognized in 

association with follicular PTCL. 

AITL 



Extranodal NK/T-cell Lymphoma, nasal type 

(NK/T) 

Activated NK cells & (less commonly) 

cytotoxic T cells 

Postulated Normal Counterpart 



 Germline TR & IG genes, except for clonal 

TR gene rearrangements in cytotoxic T cell 

cases 

 Gene expression profiling: similar in both NK 

cell and gamma-delta T-cell lineage as they 

cluster together like non-hepatosplenic 

gamma delta T-cell lymphomas 

NK/T 



• Cytogenetic abnormalities: varied; no specific 

chromosomal translocation identified 

• The most common one is del(6)(q21q25) or 

i(6)(p10).  

NK/T 



Anaplastic large cell lymphoma (ALCL) 

An activated mature cytotoxic T cell 

in both ALK+ and ALK- ALCL  

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes in 90% of 

cases, irrespective of whether they express 

T-cell antigens. 

 t(2;5)(p23;q35) – the most common (84%) 

• ALK gene on chr 2 

• NPM1 gene on chr 5 

ALCL 



• Other common translocation (ALK partners): 

- TPM3 in t(1;2)(q25;p23) (13%) 

• Other uncommon translocations (ALK partners): 

ATIC, TFG, CLTC, MSN, TPM4, MYH9, 

RNF213 (<1% each) 

ALK+ ALCL 



• Recurrent activating mutations of JAK1 and/or 

STAT3 

• DUSP22 rearrangements in or near the 

DUSP22-IRF4 locus on 6p25.3 (30% of cases) 

• TP63 rearrangements (8% of cases) encode 

p63 fusion proteins, most commonly with 

TBL1XR1, as a result of inv(3)(q26q28) 

ALK- ALCL 



• Comparative genomic hybridization analysis 

- ALK+ ALCL: frequent secondary chromo-

somal imbalances including losses of chr 4, 

11q, and 13q, gains of 7, 17p, and 17q. 

- ALK- ALCL: losses of chr 4q, 6q21, 13q, and 

17p13, and gains of chr 1q, 6p, 8q, and 12q 

ALCL 



• Gene expression profiling 

- ALK+ ALCL: overexpressed BCL6, PTPN12, 

SERPINA1, and CEBPB genes; highly 

expressed transcripts related to STAT3 

regulators (IL6, IL31RA) or targets, cytotoxic 

molecules, and T helper 17 (Th17) cell-

associated molecules 

ALCL 



• Gene expression profiling 

- ALK- ALCL: TNFRSFB, BATF, and TMOD1 

genes could distinguish ALK- ALCL from 

PTCL, NOS 

ALCL 



Primary Cutaneous Anaplastic Large Cell 

Lymphoma (C-ALCL) 

A transformed/activated skin-homing T cell 

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes in most 

cases but TCR proteins are often not 

expressed. 

 Unlike systemic ALCL, no translocation 

involving ALK gene at chr 2 in most cases 

C-ALCL 



• Rearrangements of the DUSP22-IRF4 locus on 

chr 6p25.3 in 25% of C-ALCL and in a small 

subset of lymphomatoid papulosis (LyP) 

• Gains of 7p31 and losses of 6q16-21 and 

13q34 (almost half of the cases) 

• Rare to see loss of 9p21.3 for CDKN2A 

C-ALCL 



• Recurrent NPM1-TYK2 gene fusion in both C-

ALCL and LyP, resulting in constitutive STAT 

signaling (TYK2 breaks in 15% of primary 

cutaneous CD30+ LPD cases) 

• TP63 rearrangements in rare cases with an 

unusually aggressive clinical behavior 

C-ALCL 



• High expression of the skin-homing chemokine 

receptor genes CCR10 and CCR8 in C-ALCL 

by gene expression profiling may explain the 

affinity for the skin and the low tendency to 

disseminate to extracutaneous sites. 

C-ALCL 



Subcutaneous Panniculitis-like T-cell 

Lymphoma (SPTCL) 

A mature cytotoxic alpha beta T cell 

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes 

 Negative for EBV sequences 

 No specific cytogenetic features or mutation 

patterns have been reported. 

SPTCL 



Primary Cutaneous Gamma Delta T-cell 

Lymphoma (PCGD-TCL) 

Functionally mature and activated cytotoxic 

gamma delta T cells of the innate immune 

system 

Postulated Normal Counterpart 



 Clonal rearrangement of TRG and TRD 

genes 

 TRB may be rearranged or deleted, but is not 

expressed. 

PCGD-TCL 



• Usually express V delta 2, consistent with the 

prevalence of V delta 2 gamma delta T cells 

residing in the skin 

• In common with other gamma delta T-cell 

malignancies, activating mutations in STAT5B 

in some cases and rarely in STAT3. 

PCGD-TCL 



Mycosis fungoides (MF) 

A mature skin-homing CD4+ T cell 

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes in most 

cases 

 Complex karyotypes in many patients, 

especially advanced stages 

MF 



• Somatic mutations in: 

- TCR & IL2 signaling pathways 

- Driving Th2 cell differentiation 

- Escaping from TGF-beta-mediated growth 

suppression 

- Resisting TNFRSF-mediated apoptosis 

MF 



The following may be associated with disease 

progression 

• Constitutive activation of STAT3 

• Inactivation of CDKN2A (p16INK4a) 

• Inactivation of PTEN 

MF 



Sézary Syndrome (SS) 

Circulating central memory T cells (CD27+ 

CD45RA- CD45RO+) 

In contrast to skin-resident memory T cells 

in mycosis fungoides (MF) 

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes 

 Overexpression of PLS3, DNM3, TWIST1, 

and EPHA4 

 Underexpression of STAT4 

 No recurrent balanced chromosomal 

translocation detected 

SS 



• Complex numerical & structural alterations are 

common and similar to those in MF with 

isochromosome 17q. 

- Losses of 1p, 6p, and 10q 

- Gains of 8q 

SS 



• Recurrent gain-of-function mutations affecting 

genes in TCR signaling: PLCG1, CD28, and 

TNFRSF1B (that may explain the constitutive 

activation of NF-kappaB in SS) 

• RHOA mutations (also seen in other mature T-

cell lymphomas) 

SS 



• Recurrent loss-of-function mutations affecting 

epigenetic modifiers: ARID1A (40% of cases) 

• Single nucleotide mutations & copy-number 

variants affecting genes encodeing members of 

the JAK/STAT pathway (that may explain the 

constitutive activation of STAT3 in SS) 

SS 



• Mutations affecting chromatin-modifying genes: 

DNMT3A 

• Inactivating mutations of TP53 

• Deletions of CDKN2A (p16INK4a) 

• Hypermethylation & inactivation of genes 

involved in the FAS-dependent apotosis 

SS 



Enteropathy-associated T-cell Lymphoma 

(EATL) 

A conventional intraepithelial T cell 

expressing the CD8 alpha beta heterodimer 

Postulated Normal Counterpart 



 Clonal rearrangement of TRB or TRG genes 

 Gains of the 9q34 region, harbouring proto-

oncogenes (NOTCH1, ABL1 & VAV2) in most 

cases (80%) – also in MEITL 

 Gains of chr 1q and 5q (less common in 

MEITL) 

EATL 



• Losses at 9p in 18% of cases 

• LOH at 9p21 in 56% of cases, targeting the cell 

cycle inhibitor (CDKN2A/B), accompanied by 

loss of p16 protein expression 

• Loss of TP53 in 23% of cases but aberrant 

nuclear p53 expression in 75% of cases. 

EATL 



• Recurrent mutations in constituents of the JAK-

STAT signaling pathway 

• Mutations of JAK1 and STAT3 in type 2 

refractory celiac disease implicates 

deregulation of JAK-STAT signaling to be an 

early event in disease pathogenesis. 

EATL 



Monomorphic Epitheliotropic Intestinal T-cell 

Lymphoma (MEITL) 

An intraepithelial T cell that can be either 

gamma delta or alpha beta derivation. 

Postulated Normal Counterpart 



 Clonal rearrangement of TR genes (90%) 

 Extra signals of MYC at 8q24 - common 

 Gains at 9q34.3 – the most common (>75%) 

MEITL 



• Gains at 1q32.3, 4p15.1, 5q23, 7q34, 8p11.23, 

9q22.31, 9q33.2, 8q24 (MYC locus), and 

12p13.31 

• Losses of 7p14.1 and 16q12.1 

• Less common than EATL for gains at 1q32.2-

41 and 5q34-35.5 

MEITL 



• The most common mutation: SETD2 (>90%) 

• Activation mutations in STAT5B – common, in 

both gamma delta and alpha beta derivation. 

• Mutations in JAK3 and GNAI2, leading to 

activation of JAK/STAT and G protein-coupled 

receptor signaling pathways 

MEITL 



Hepatosplenic T-cell lymphoma (HSTL) 

Peripheral gamm delta (or less commonly 

alpha beta) cytotoxic T cells of the innate 

immune system with memory phenotype, 

recirculating between spleen, bone marrow, 

and liver 

Postulated Normal Counterpart 



 Clonal rearrangement of TRG genes with a 

biallelic rearrangement of TRD genes in the 

gamma delta cases 

 Clonal rearrangement of TRB genes in the 

alpha beta cases 

 Unproductive rearrangements of TRB genes 

in some gamma delta cases 

HSTL 



• Isochromosome 7q in most cases. More 

complex aberrations involving 7q in FISH 

patterns with disease progression 

• Trisomy 8 may also be present. 

HSTL 



• Missense mutations in STAT5B (40%) and 

rarely STAT3, involving in JAK/STAT pathway 

• Mutations of chromatin-modifying genes (62%): 

SETD2, INO80, and ARID1B 

HSTL 
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