
47

In: Gallamini A, Juwied M (Editors). Lymphoma. Exon Publications, Brisbane, Australia. 
ISBN: 978-0-6453320-0-1; Doi: https://doi.org/10.36255/exon-publications.lymphoma.2021

Copyright: The Authors.

License: This open access article is licenced under Creative Commons Attribution-NonCommercial  
4.0 International (CC BY-NC 4.0) https://creativecommons.org/licenses/by-nc/4.0/

Abstract: SETD2 (SET Domain Containing 2, Histone Lysine Methyltransferase) 
is the only human gene encoding the histone methyltransferase responsible for 
trimethylation of lysine 36 of histone H3. SETD2 protein is involved in multiple 
important cellular processes that include transcriptional regulation, DNA damage 
repair, alternative RNA splicing, genomic stability, apoptotic response, and 
 interferon response. As a tumor suppressor, SETD2 loses its activities by loss-of-
function mutations in a wide spectrum of tumors. The alterations of SETD2 are 
the most common genetic changes detected in monomorphic epitheliotropic 
intestinal T-cell lymphoma, seen in over 90% of the cases. SETD2 is the common-
est silenced gene detected in hepatosplenic T-cell lymphoma, seen in 25% of the 
cases. SETD2 alterations have been detected in approximately 10% of precursor 
B-cell lymphoblastic leukemia/lymphoma cases, and commonly gained in the 
relapse of this disease. SETD2 alterations have also been found in about 10% of 
early-T-precursor lymphoblastic leukemia, up to 10% of diffuse large B-cell lym-
phoma, up to 7% of chronic lymphoblastic leukemia/small lymphocytic lym-
phoma, and in a small portion of other lymphoid malignancies. Experimental loss 
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of SETD2 can promote tumor cell proliferation and result in chemotherapy 
resistance. Targeting SETD2 may offer a potential therapeutic strategy for these 
lymphoid malignancies.

Keywords: hepatosplenic T-cell lymphoma; histone methyltransferase; lympho-
blastic leukemia; monomorphic epitheliotropic intestinal T-cell lymphoma; 
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INTRODUCTION

Chromatin formation is a major mechanism by which eukaryotic cells regulate 
gene transcription. Nucleosome is the basic unit of chromatin. It consists of ~147 
base pairs of DNA wound around eight histone proteins: 2 H2A, 2 H2B, 2 H3, 
and 2 H4 (1). Post-translational histone modifications play critical roles in the 
regulation of human genome (2). Histone lysine methylation can be associated 
with either active or repressed state of gene transcription, depending on the meth-
ylation status of the lysine residue (mono-, di-, or tri-) (3). In general, lysine 
methylation functions to recruit effector proteins with domains capable of recog-
nizing these modified sites and adjusting nucleosome-DNA interactions (4). 
Histone H3 lysine 36 methylation (H3K36me) is one of the methylated lysine 
residues well studied and conserved from yeast to human. Although many histone 
methyltransferases (KMTs) can catalyze H3K36 to generate monomethylated his-
tone H3 (H3K36me1) or dimethylated histone H3 (H3K36me2), SETD2 (SET 
Domain Containing 2, Histone Lysine Methyltransferase) is the only mammalian 
HMT that catalyzes H3K36 trimethylation (H3K36me3). 

SETD2 was first isolated from human hematopoietic stem cells, and it was 
thought to be associated with Huntington’s disease (5). SETD2 protein is involved 
in multiple important cellular processes, such as transcriptional regulation, DNA 
damage repair, alternative RNA splicing, genomic stability, and apoptotic response 
(Figure 1). Mutations of SETD2 have been detected in various tumors (6, 7). This 
chapter introduces the structure and functions of SETD2, and reviews the genetic 
alterations and possible pathogenetic roles of SETD2 in lymphoid malignancy.

PROTEIN STRUCTURE AND FUNCTIONS OF SETD2

Many studies have been dedicated to SETD2 since its discovery twenty years ago. 
Currently, the gene and protein structures of SETD2 are well defined, and the 
biological functions of SETD2 are well studied.

Protein structure

The human SETD2 gene is located on p21.31 of chromosome 3, a region 
 frequently targeted by copy number loss in a wide spectrum of tumors (8). SETD2 
gene occupies a genomic region of 147Kb and is composed of 26 exons encoding 
three mRNA transcript variants ranging from 8,452 to 8,737 nucleotides in length. 
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Figure 1. The structure and cellular functions of SETD2 protein. A, SETD2 protein is composed 
of 2,564 amino acids and contains three main conserved functional domains: AWS-SET-PS, 
WW and CC domains, and SRI. B, SETD2 protein is a histone methyltransferase that 
specifically trimethylates ‘Lys-36’ of histone H3 (H3K36me3) using dimethylated ‘Lys-36’ 
(H3K36me2) as substrate. It has multiple cellular functions that include transcriptional 
regulation, DNA damage repair, alternative RNA splicing, keeping genomic stability, 
regulating apoptotic response, involving in interferon response, etc. AWS, associated with 
SET; CC, Coiled-Coiled; PS, post-SET; SETD2, SET domain-containing 2; SRI, Set2-Rpb1 
interacting.
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Human SETD2 protein has two main isoforms. Isoform 1 is composed of 2,564 
amino acids with a molecular weight of 287.5 kDa. Isoform 2 is 44 residues 
shorter than isoform 1 at the N-terminus and is composed of 2520 amino acids 
with a molecular weight of 282.6 kDa. 

Three conserved functional domains (Figure 1A) have been identified in the 
SETD2 protein: the AWS (associated with SET)-SET-PS (post SET) domains, WW 
and CC (coiled-coiled) domains, and SRI (Set2 Rpb1 Interacting) domain (6, 7). 
The AWS-SET-PS domain is the catalytic domain performing the H3K36 trimeth-
ylation. In yeast, the SET domain is located at the N-terminus of the protein, while 
human SETD2 has an extended and low complexity N-terminus with no con-
served domains and no unknown function (9). The WW domain, located in the 
C-terminal region of SETD2, contains two conserved tryptophan (W) residues. 
The WW domain preferentially binds proline-rich segments of other proteins, 
mediating protein-protein interactions (10). The CC domain is also a conserved 
protein-protein interaction motif that promotes homo-dimerization of certain 
proteins. The SRI domain spans a 79-amino-acid region at the C-terminal end of 
SETD2 and is the primary docking site of RNA polymerase II (RNAPII) (11). SRI 
domain binds to serine 2 and serine 5 doubly phosphorylated C-terminal domain 
(CTD) repeats of RNAPII (12).

Transcriptional regulation

Transcription is a highly regulated process of making a RNA copy of a gene, which 
directs the synthesis of the encoded protein. Both SETD2 and H3K36me3 are 
involved in transcription regulation (11–14). The SRI domain of SETD2 protein 
interacts with the CTD of RNAPII, and plays an important role in regulating the 
initiation, elongation, and termination of the transcription. SETD2 also plays a 
role in nucleosome reorganization in bodies of transcribed genes after the passage 
of RNAPII machinery. Loss of SETD2 can lead to spurious intragenic initiation of 
transcription through abnormal targeting of the FACT (FAcilitates Chromatin 
Transcription) complex to chromatin (15). In yeast, H3K36me3 prevents the ini-
tiation of spurious intrageneric transcription by recruiting histone deacetylase 
complexes (13, 16). H3K36me3 also recruits DNMT3B (DNA-methyltransferase 
3B), which leads to the dense methylation of gene bodies, and thus protects 
RNAPII from spurious re-initiation of transcription and reinforces intragenic 
silencing (17).

DNA damage repair

SETD2 plays an important role in DNA damage repair. DNA damage can be trig-
gered by various causes. Failure of DNA repair can result in cell death, and misre-
pair can lead to tumorigenesis. DNA double-strand break (DSB) is one of the most 
significant forms of DNA damages. SETD2 activity is required for DSB repair by 
recruiting RAD51 and LEDGF (Lens epithelium-derived growth factor) to DSBs 
and promoting repair of active genes by homologous recombination (18). DNA 
mismatch repair (MMR) is an important biological pathway that plays a key role 
in maintaining genomic stability. SETD2 acts as a key regulator of DNA MMR by 
generating H3K36me3, a mark required to recruit MSH6 subunit of the MutS 
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alpha complex. The recruitment of the MutS alpha complex to chromatin to be 
replicated allows a quick identification of the mismatch DNA to initiate MMR 
reaction (19). MSH6, like many other H3K36me3 effector proteins, contains a 
PWWP domain that is essential for H3K36me3 binding. Cells deficient for SETD2 
display microsatellite instability and increased mutation frequency.

Alternative splicing

Post-translational modification of histone tails is associated with the regulation of 
alternative splicing. Zinc finger MYND-domain containing 11 (ZMYND11) selec-
tively recognizes H3K36me3 and regulates intron retention (IR), the least under-
stood RNA alternative splicing event in mammalian cells (20). The mutations of 
SETD2 are associated with chromatin accessibility changes and RNA processing 
defects in tumors lacking H3K36me3 (21). PWWP-domain containing proteins 
play a pivotal role in the regulation of this process. For example, ZMYND11, 
BRPF1 (Bromodomain and PHD finger-containing 1) and MRG15 (MORF-related 
gene 15) bind to H3K36me3 and then either interact with components of the 
RNA splicing machinery or influence transcriptional regulation (22, 23). The 
LEDGF-H3K36me3 interaction can modulate RNA splicing through LEDGF-
dependent recruitment of spliceosome factors, such as SRSF1 (Serine/arginine-
rich splicing factor 1) (24). Study in yeast (25) showed that mutants lacking 
H3K36me exhibited reduced splicing efficiency across the genome, and correct 
splicing was dependent on the association of Set2 with the CTD of RNAPII.

Other functions

SETD2 also has non-histone-related functions, such as methylating tubulin and 
maintaining the genome stability by promoting proper chromosome segregation 
(26, 27). Loss of SETD2 leads to genomic instability, cytokinesis defects and mitotic 
abnormalities (26, 27). SETD2 also methylates STAT1 and is important for inter-
feron-mediated antiviral activity (28) and potentially immune surveillance response. 
In addition, SETD2 can interact with p53 through the WW and SET domains (29). 
p53 is an important tumor suppressor which regulates cell cycle and apoptosis. 
SETD2 down-regulates the expression of HDM2 (human double minute 2), which 
is a p53 negative regulator, and leads to enhanced p53 protein stability (29).

THE ALTERATIONS AND POSSIBLE ROLES OF SETD2 IN 
LYMPHOID MALIGNANCY

With the application of next generation sequencing techniques in clinical research, 
the mutational landscapes of many tumors have been well studied recently. 
Mutations of SETD2 have been detected in various types of cancers including 
some lymphomas and leukemia. Most of these mutations result in a loss of SETD2 
function, and experimental loss of SETD2 in lymphoma/leukemia cell lines or 
animal models have demonstrated an increase of tumor cell proliferation, and 
resistance to certain chemotherapy. 
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Monomorphic epitheliotropic intestinal T-cell lymphoma 

Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL) is a rare 
peripheral T-cell lymphoma of intestine and was called type II enteropathy-
associated T cell lymphoma (EATL) in the previous WHO classification. It is 
derived from intraepithelial lymphocytes and characterized by an aggressive clini-
cal course. The genetic basis of MEITL is poorly characterized (30). Recent studies 
(31–33) reveal that mutations of SETD2 predicting a loss of function are the hall-
mark genetic changes of this disease. The study conducted by the European group 
(31) identified SETD2 mutations in 19/23 (83%) MEITL cases, loss of one SETD2 
locus in 7/23 (30%) cases, and overall SETD2 genomic alterations in 21/23 (91%) 
cases by whole exon sequencing (WES) or targeted deep sequencing. Eighteen of 
the total 26 mutations (69%) identified in this study were nonsense, frameshift 
indels or splicing mutations predicted to impair protein function and distributed 
along the whole gene. This study also showed that SETD2 mutations correlated 
with complete loss or severe reduction in H3K36me3, suggesting that these muta-
tions were indeed loss of function. Other common genetic alterations identified in 
this study were mutations related to JAK-STAT pathway, which are also commonly 
seen in EATL. SETD2 alterations were not seen in any of the 8 EATL cases included 
in this study. A Japanese group has conducted a similar study on 9 Japanese 
MEITL cases and found similar results; all the cases showed alterations of SETD2 
(mutations and/or loss of the corresponding 3p21 locus), and all the SETD2-
mutated cases demonstrated loss of H3K36me3 by IHC staining (32).

Moffitt et al (33) studied the genetic changes of 23 MEITL cases and 41 EATL 
cases by WES and identified SETD2 mutations in 70% of MEITL cases and less 
than 15% of EATL cases. Most of the mutations were nonsense, frameshift inser-
tions or deletions, and some cases had multiple mutations in SETD2, supporting 
its role as a tumor suppressor gene in these lymphomas.

Hepatosplenic T-cell lymphoma

Hepatosplenic T cell lymphoma (HSTL) is a rare subtype of extranodal lymphoma 
that predominantly involves liver and spleen without lymphadenopathy. The lym-
phoma cells are phenotypically cytotoxic T cells and commonly of gamma delta 
T-cell origin (30). The genetic drivers of this disease are unknown. McKinney et al 
(34) studied 68 HSTL cases by WES and discovered that SETD2 was the most 
frequently silenced gene. SETD2 was mutated in 25% of all the cases and most 
(71%) of the cases contained at least one loss of function (nonsense or frameshift) 
mutations. The mutations occurred predominantly in exons 3, 10–12 and 19–21, 
with the SRI domain as the most frequently mutated domain. There was no sig-
nificant survival difference identified between SETD2 altered and unaltered 
patients. Knockdown of SETD2 by shRNAs targeting SETD2 in HSTL cell lines 
promoted cell growth and altered the expression of cell-cycle genes. These results 
indicate that SETD2 is a tumor suppressor gene in HSTL.

Given that SETD2 alterations are a hallmark genetic finding of MEITL, another rare 
peripheral T-cell lymphoma commonly originated from gamma delta T-cells, it is spec-
ulated that SETD2 gene may play a role in T-cell development. The study of Moffitt 
et al (33) showed that high level expression of SETD2 in the immature thymocytes 
of CD4/8 double-positive CD69-negative stage is a critical step in confirming the αβ 
T cell lineage choice. The conditional SETD2 knockout mouse model in this study 
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showed that SETD2 loss in T cells was associated with an expansion of γδ T cells, 
which confirms that SETD2 plays an important role in controlling the destiny of a 
thymocyte precursor to become an αβ T cell. The lack of lymphoma development in 
SETD2 knockout mice in this study suggests that the development of HSTL or MEITL 
requires the activation of other collaborating genetic events. More work is needed to 
fully define the role of SETD2 in the oncogenesis of these lymphomas. 

Lymphoblastic leukemia/lymphoma

B-lymphoblastic leukemia/lymphoma (B-ALL/LBL) is the most common pediatric 
lymphoid malignancy, which has a very good prognosis (over 90% curable rate) 
with current risk-adjusted treatment regimen. However, 15–20% of the cases will 
relapse and the clinical outcome of the relapsed cases is poor. Mar et al (35) iden-
tified SETD2 mutations in 12% of de novo pediatric B-ALL/LBL patients by PCR 
and Illumina sequencing techniques. SETD2 mutations were more prevalent in 
the KMT2A rearranged (22%) and ETV6-RUNX1 rearranged (13%) subtypes. 
These leukemia cases also frequently harbored mutations in the Ras signaling 
pathway. The SETD2 mutations identified were commonly loss of function frame-
shift or nonsense mutations with no obvious hotspot. Some patients harbored 
multiple SETD2 mutations. Sequencing of the 30 matched relapsed samples 
showed a significant gain of mutations in epigenetic regulators including SETD2. 
Similar finding was also seen in adult B-ALL/LBL (36). 

The selective enrichment of alterations in epigenetic regulators in relapse indi-
cates that mutations in genes encoding epigenetic regulators such as SETD2 may 
be associated with resistance to chemotherapy and/or grow advantage. This 
hypothesis was recently confirmed in the study of leukemia cell lines and murine 
leukemia model (37). SETD2 mutations led to resistance to DNA-damaging 
agents, such as cytarabine, 6-thioguanine, doxorubicin, and etoposide, but not to 
a non-DNA damaging agent, L-asparaginase. This chemotherapy resistance is 
most likely due to disorganization of DNA damage response normally mediated 
by H3K36me3. Heterozygous conditional inactivation of SETD2 in a murine 
model decreased the latency of KMT2A-AF9–induced leukemia and caused resis-
tance to cytarabine treatment. Interestingly, disruption of both SETD2 alleles 
(homozygous loss) inhibited leukemogenesis, which was likely because of exces-
sive DNA damage and impaired replication (37). The tumor suppressor role of 
SETD2 in acute leukemia was also confirmed by another study (38), which 
revealed that knockdown of SETD2 led to proliferative advantage and accelerated 
leukemia development of KMT2A-rearranged leukemia cells in vitro and in vivo.

T-ALL/LBL is a neoplasm of lymphoblasts committed to the T-cell lineage, typ-
ically composed of medium-sized blasts with scant cytoplasm, dispersed chroma-
tin, inconspicuous or prominent nucleoli (Figure 2A). T-ALL/LBL usually has a 
worse clinical outcome in children compared to pediatric B-ALL/LBL. Early-T-cell 
precursor (ETP) ALL is a subtype of T-ALL with a unique immunophenotype 
indicating only limited early T-cell differentiation. Gene expression profile of ETP-
ALL is resemblant to that of normal early thymocyte precursors and different from 
that of T-ALL/LBL corresponding to later maturational stages. The mutational pro-
file of ETP-ALL is close to that of myeloid leukemias (30). SETD2 mutations were 
identified in 10% of ETP-ALL cases but were rare in non-ETP T-ALL/LBL cases 
(39). In our very limited number of T-ALL/LBL cases with next generation 
sequencing data, a pathogenic loss-of-function mutation––c.4715 C>A 
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(p.Ser1572*) (Figure 2B) at a VAF of 19% in SETD2––was found in a T-LBL case, 
which showed near-ETP ALL phenotype and interfollicular growth pattern (40).

Mature B-cell lymphoma

Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) is a 
 neoplasm composed of monomorphic small mature B cells coexpressing CD5 and 
CD23. CLL is the most common leukemia in Western countries. Using 
 high- resolution single nucleotide polymorphism (SNP) arrays, Parker et al (41) 
identified recurrent deletions of the SETD2 locus in 8/261 (3%) CLL patients. 
The SETD2 deletions were associated with loss of TP53, genomic complexity and 
chromothripsis. Using next-generation sequencing, they also detected mutations 
of SETD2 in an additional 3.8% of patients (23/602). SETD2 deletions or muta-
tions were found as a mono-allelic lesion and were associated with reduced mRNA 
expression of SETD2. They also found that patients with SETD2 abnormalities and 
wild-type TP53 and ATM had reduced progression-free and overall survival com-
pared with cases wild type for all three genes. The frequency of SETD2 abnormali-
ties in CLL/SLL seems lower in other studies (Figure 3A). 

Figure 2. Histopathology and SETD2 mutation of a T lymphoblastic lymphoma case. 
A, Hematoxylin and eosin-stained section shows sheets of medium to large-sized atypical 
lymphoid cells with round, oval or irregular nuclei, fine nuclear chromatin, distinct one or 
multiple nucleoli and scant cytoplasm. Mitosis is easily seen. The tumor cells are positive for 
CD3 and TdT. B, Next generation sequencing (whole exome sequencing with an average 
depth of coverage of 489x) shows a pathogenic loss-of-function mutation: c.4715 C>A 
(p.Ser1572*) at a VAF of 19% in SETD2.
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Diffuse large B-cell lymphoma (DLBCL) is the most common B-cell lymphoma 
in adults. This disease exhibits prominent heterogeneity in biology and clinical 
outcome. WES study (42) had identified SETD2 mutations in up to 10% of DLBCL 
cases. SETD2 mutations are more common in germinal center B-cell type than 
those in activated B-cell type (Figure 3A). The majority of the mutations were mis-
sense or truncating and distributed along the whole gene (Figure 3B and 3C). 
SETD2 alterations were also detected in a small portion of plasma cell myeloma 
cases, but were rare or not detected in Burkitt lymphoma, follicular lymphoma, 
mantle cell lymphoma, marginal zone lymphoma or monoclonal B-cell lympho-
cytosis (Figure 3A).

CONCLUSION

SETD2 is a non-redundant H3K36-specific trimethyltransferase involving in mul-
tiple important cellular processes. Mutations and deletions of SETD2 have been 

Figure 3. Genetic alterations of SETD2 in mature B-cell lymphomas. Data were retrieved from 
cBioPortal (http://www.cbioportal.org) in October 2021, including 3338 patients/samples 
from 10 studies. A. Frequency of SETD2 gene alterations in various types of mature B-cell 
lymphomas. B, Cartoon crystal structure of SETD2 bound to histone h3.3 k36i peptide. The 
protein is colored with a rainbow gradient from red (N-terminus) to blue (C-terminus). 
Mutation types and corresponding color codes are as follows: dark green— missense 
mutations; black— truncating mutations; brown— inframe mutations. C, Schematic 
representation of SETD2 mutations associated with mature B-cell lymphomas. Mutation 
diagram circles are colored with respect to the corresponding mutation types. In case of 
different mutation types at a single position, color of the circle is determined with respect to 
the most frequent mutation type. CLL/SLL, chronic lymphocytic leukemia/small lymphocytic 
lymphoma; DLBCL, diffuse large B-cell lymphoma; SET, Su(var)3-9, enhancer-of-zeste and 
trithorax; SRI, Set2 Rpb1 interacting. 

A

C

B
Mutation

A
lt

er
at

io
n

 F
re

q
u

en
cy 6%

5%

4%

3%

2%

1%

Missense Truncating Inframe

V768L

0 400 800 1200 1600 2000 2400 2564>>

SET SRI

Splice Fusion

Structural Variant

Structural variant data
Mutation data

CNA data

Germ
inal Center B-Cell Type

DLBCL, NOS

Activated B-cell Type

CLL/SLL
Plasm

a Cell M
yelom

a

M
antle Cell Lym

phom
a

Burkitt Lym
phom

a

HGBCL, DH or TH

Follicular Lym
phom

a

High-Grade B-Cell Lym
phom

a, NOS

M
arginal Zone Lym

phom
a

M
onoclonal B-Cell Lym

phocytosis

Deep Deletion

5

0

# 
S

E
T

D
2 

M
u

ta
ti

o
n

s



Li W56

detected in a number of lymphoid malignancies. Recent studies have suggested or 
proved the tumor suppressor role of SETD2 in these lymphoid malignancies, 
especially in MEITL, HSTL and B-ALL/LBL. The SETD2 mutations are enriched in 
relapse and are associated with chemotherapy resistance in some lymphoblastic 
leukemia cases. Specific treatment targeting SETD2 may provide a potential thera-
peutic strategy for these lymphoid malignancies in the future. 
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