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ABSTRACT
SET domain containing lysine methyltransferase 7 (SETD7) belongs to the protein lysine methyl
transferase family and can catalyze the monomethylation of histone H3K4, which plays a vital role 
in the regulation of cell cycle, cell differentiation, DNA damage response and chromatin remodel
ing through K/R-S/T-K (K is lysine residue) sites and the recognition of substrates mediated by SET, 
i-SET, and n-SET domains and electrostatic action. SETD7 also can regulate the transcription of 
several genes including β-catenin, Cullin l and lin-28 homolog A (LIN28A), etc. In addition, the 
abnormal expression of SETD7 can promote the proliferation, migration, invasion of tumor cells, 
predict the poor prognosis of tumor patients, and may be a potential target for tumor therapy. 
This paper reviews the structure of SETD7, its role in tumor genesis and development, and the 
current research progress of relevant targeted drugs to explore its regulatory mechanism in tumor 
genesis and development and the prospect of targeted therapy.
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Regulation of post-translational chemical modifi
cations of proteins plays an important role in the 
development of organisms and the process of dis
ease. Among them, methyltransferase-mediated 
protein methylation is a crucial and essential way 
of chemical modification. Lysine methylation is 
a unique post-translational modification of pro
teins. It causes small changes in the size and elec
trostatic state of lysine residues, in turn, it 
regulates the fate and function of target proteins 
[1]. Lysine methylation is catalyzed by protein 
lysine methyltransferases (PKMTs), which play 
a regulatory role in the formation of single- 
methylation, dimethylation, triple-methylation of 
the lysine ɛ group in a S-adenosyl methionine 
(SAM)-dependent manner [2].

To date, more than 50 PKMTs have been dis
covered and divided into 8 subfamilies: KMT1~8. 
Among them, glucagon like peptide (GLP), 
Su(var)3–9, enhancer-of-zeste and trithorax 
(SET) domain bifurcated histone lysine methyl
transferase 1 (SETDB1), SET domain protein con
taining 1A (SETD1A), nuclear receptor binding 
SET domain protein (NSD1), SET and MYND 
domain containing 2 (SMYD2), SET and MYND

domain containing 3 (SMYD3), SET domain con
taining lysine methyltransferase 8 (SETD8) and 
SETD7 not only catalyze methylation of H3K9, 
H3K27, H3K4 and H4K20 histone substrates [3], 
but also catalyze methylation of non-histone sub
strates such as p53, retinoblastoma-associated pro
tein (Rb), vascular endothelial growth factor 
receptor (VEGFR), nuclear factor kappa B (NF- 
κB) and DNA methyltransferase 1 (DNMT1), 
which is closely related to the occurrence and 
development of cancer [4].

SETD7 is similar to the most PKMTs, and it 
belongs to the family of protein lysine methyl
transferases and contains the evolutionarily con
served SET domain, which is an important 
member of the SAM-dependent protein lysine 
methyltransferase family that includes nearly 50 
different subtypes.

The initial research on SETD7 mainly focused 
on the areas of protein structure, cell cycle, tissue 
differentiation and development, etc. With the 
deepening development of tumor research, it has 
been found that SETD7 is abnormally expressed 
during the occurrence and development of tumors, 
suggesting that SETD7 plays a vital role in the
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course of tumors. This review will discuss the 
structure of SETD7, its role in tumor genesis and 
development, and the current research progress in 
the area of SETD7 inhibitors.

1 Structure and regulation mechanism of 
SETD7

SETD7, also known as KMT7, SET7, SET7/9, 
SET9�is located on human chromosome 4q31.1, 
encoding protein contains 366 amino acids with 
a molecular weight of 40721 Da. SETD7 is com
posed of several β chains in two domains: the 
N-terminal domain and C-terminal domain (that 
is, the SET domain). The N-terminal domain is 
a non-conservative structure formed by a series of 
anti-parallel β chains, and the C-terminal domain 
is a discontinuous spherical structure composed of 
β chain, on both sides of which are a set of variable 
regions, namely, the front SET (n-SET), i-set and 
the back SET (c-SET) [5–7]. Unlike other

methyltransferase structures, the binding sites of 
the substrate and the cofactor SAM are located on 
opposite sides of the SET domain (Figure 1).

SETD7 is characterized by the catalysis of lysine 
methylation through an ordered double-substrate 
sequence mechanism, and then the substrate binds 
to form a ternary cofactor-enzyme-substrate com
plex. The initial step is SAM binding, and through 
a narrow hydrophobic channel, the substrate 
lysine binds to the cofactor at the core of the 
enzyme. This structure protects lysine from the 
effects of solvents and is essential for catalysis 
and methyl transfer from SAM to the lysine ε- 
group of the substrate [8,9].

Research on the structure of SETD7 shows that 
compared with the first methyl transfer of histone 
H3K4 (≈17–18 kcal/mol), the free energy barrier of 
the second methyl transfer is 5 kcal/mol higher. 
Therefore, it is currently believed that SETD7 
mainly plays the role of monomethyltransferase. 
Recent studies have found that SETD7 used its

Figure 1. Sequence and three-dimensional structure of SETD7. a) Sequence diagram of SETD7. The N-terminal of SETD7 is 
responsible for its stability, and it contains three MORN motifs, which are responsible for protein binding to plasma membrane 
phospholipids. The C-terminal is mainly responsible for its catalytic function, which contains a highly conserved SET domain. It is 
flanked by the n-SET domain and c-SET domain, and contains an insert region i-SET domain. b) Three-dimensional structure of 
SETD7. The N-terminal domain is colored cyan, the SET domain is gray and the C-terminal segment is yellow.

270 S. YANG ET AL.



N-terminal occupation and recognition connec
tion (MORN) repeat sequence to dock with its 
substrate, and then juxtapose its lys methylation 
sequence, and the highly efficient and specific 
methylation was carried out by catalyzing the 
SET domain. This docking site-mediated methyla
tion mechanism rationalizes the binding and 
methylation of previously known substrates, and 
be able to predict new SETD7 substrates [10]�

Structure and function analysis suggests that 
SETD7 recognizes the substrate through the K/ 
R-S/T-K (K is a lysine residue) site, and is 
mediated by SET, i-SET and n-SET domains and 
electrostatic interactions. Furthermore, it is 
involved in post-transcriptional modification of 
discontinuous sites through different and indepen
dent mechanisms, affecting the stability or biolo
gical activity of their substrates, and participating 
in a variety of cell biological processes, such as cell 
cycle, cell differentiation, DNA damage response 
and chromatin remodeling [11,12] (Figure 2).

2 Targets of SETD7

2.1 Histone

It was initially discovered that SETD7 plays 
a transcriptional regulatory role as 
a methyltransferase of histone H3K4 [11,13]. SETD7- 
mediated H3K4 methylation plays a role in transcrip
tional activation by competing with histone deacety
lases and blocking H3K9 methylation through 
Suv39h1 [14]. SETD7 activates the expression of spli
cing regulatory glutamic acid and lysine rich protein 1 
interacting protein 1 (SREK1IP1), coiled-coil domain

containing 28B (CCDC28B) and progastricsin (PGC) 
through H3K4me1 transcription. Data from SETD7 
and its target genes showed that the knockdown of 
SETD7 and SREK1IP1 in gastric cancer cells signifi
cantly promoted cell proliferation, migration and 
invasion [15].

2.2 Non-histone substrates

An increasing body of evidence suggests that the 
modification of lysine methylation of non-histone 
substrates plays an important role in the genesis 
and development of tumors. In recent years, anti- 
tumor drugs targeting lysine methyltransferase 
have entered clinical research. For example, 
enhancer of zeste homolog 2 (EZH2) inhibitor 
EPZ-6438 for the treatment of INI1-negative 
tumor synovial sarcoma [16], GSK126 for the 
treatment of relapsed or refractory diffuse B-cell 
lymphoma and disruptor of telomeric silencing 
1-like (DOT1 L) inhibitor EPZ-5676 is used for 
the treatment of acute leukemia [17,18]. While 
the in-depth study of the molecular mechanism 
of the action of lysine methyltransferase plays 
a key role in elucidating the mechanism of action 
of such drugs, and will also provide new informa
tion and evidence for the search for new anti- 
tumor therapeutic drug targets.

SETD7 can regulate the function of non-histone 
substrates through methylation, which includes 
common non-histone substrates, such as p53, 
forkhead box O3 (FOXO3), Rb, centromere pro
tein C 1 (CENPC1), methyl-CpG binding protein 
2 (MeCP2) and Cullin1, etc. For example, SETD7 
methylates β-catenin at K180, which reduces the

Figure 2. Mechanism of SETD7 regulating biological processes. SETD7 regulates transcription of downstream genes by methylation 
of histones (left). SETD7 methylates non-histone targets, which plays a vital role in regulating cell cycle, cell proliferation, apoptosis 
and cell migration (right).
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stability of β-catenin, prevents the transcription of 
its downstream target genes and indirectly reduces 
cell proliferation. While the deletion of SETD7 
significantly enhanced the expression of Wnt/β- 
catenin target genes such as c-myc and Cyclin 
D1, and promoted the growth of tumor cells 
[19]. SETD7 methylates Cullin1 at K73 [20]. The 
increase in Cullin1 expression is significantly 
related to the poor prognosis of breast cancer 
patients. Cullin1 may be an important marker 
and therapeutic target for breast cancer [21]. In 
colon cancer, the overexpression of Cullin1 may 
occur in the early stage of carcinogenesis, mainly 
affecting p53(+) colorectal cells, blocking them in 
the G1 phase of the cell cycle and promoting 
tumorigenesis [22]. In embryonic stem cells, 
LIN28A is monomethylated by SETD7 lysine 
methyltransferase at K135. Moreover, the methyla
tion of LIN28A mediated by SETD7 at K135 
increases the stability of LIN28A [23]. Studies 
have shown that LIN28A promotes the prolifera
tion and metastasis of colon cancer by inhibiting 
the biogenesis of let-7 family microribonucleic 
acid [24,25]. SETD7 methylates Smad7 at K70 
[26]. Recent studies have shown that Smad7 plays 
a dual function in the development of colorectal 
cancer, which may depend on cell subpopulations 
and the analyzed biological environment [27]. 
SETD7 can methylate two highly conserved lysine 
(K) residues, K173 and K411. The methylation of 
yin and yang 1 protein (YY1) mediated by SETD7/ 
9 has been shown to be closely related to gene 
transcription and cell proliferation regulated by 
YY1 [28]. Therefore, it will be valuable to study 
whether YY1 methylation is abundant and there
fore a biomarker of cancer. The role of YY1 in 
promoting or inhibiting tumor growth is still con
troversial, and its regulatory effect, at least in 
experimental systems suggests that it may depend 
on tumor cell types.

3 SETD7 and tumors

In recent years, studies have found that SETD7 
is associated with the occurrence and develop
ment of breast cancer, liver cancer, stomach 
cancer, colorectal cancer and prostate cancer 
[29–35].

3.1 Promote tumor effect

Through the analysis of the Gene Expression 
Omnibus (GEO) GSE9893 and GSE12276 data
base, it is found that the expression of SETD7 in 
breast tumor tissues is significantly higher, and it 
has a negative impact on the overall survival rate 
and local recurrence time of patients. Through 
Transwe11 analysis, the study also proved that 
SETD7 is involved in regulating the proliferation, 
invasion and metastasis of breast cancer cells by 
activating runt-related transcription factor 2 
(RUNX2) [29]. Other studies have shown that 
SETD7 guides the epigenetic plasticity of breast 
cancer cells and serves as an early biomarker for 
predicting metastasis [33].

After immunohistochemical analysis of 68 
hepatocellular carcinoma tissue samples, it was 
found that the expression of SETD7 and E2F tran
scription factor 1 (E2F1) was up-regulated, and 
compared with the levels of SETD7 and E2F1 in 
matched healthy liver samples, and the expression 
levels of SETD7 and E2F1 significantly correlated 
with pathological stage and tumor size [30].

It has recently been discovered that insulin gene 
enhancer binding protein 1 (ISL1) can predict the 
poor prognosis of patients with gastric cancer. The 
complex of SETD7 and ISL1 can combine with the 
promoter region of zinc finger e-box binding 
homeobox 1 (ZEB1) to promote its expression, 
thereby promoting the metastasis of gastric cancer 
[31]. The above results suggest that SETD7 may be 
involved in the occurrence and development of 
tumors as an oncogene.

Menuo’s studies of mice found that SETD7 modi
fies the Yes-associated protein (YAP) through 
methylation and then affects the accumulation of β- 
catenin in the nucleus. The results suggest that the 
SETD7-dependent regulatory mechanism plays 
a key role in the process of intestinal epithelial cell 
regeneration and tumorigenesis in mice [32].

In the study of prostate cancer, it was found that 
modification of retinoid-related orphan receptor 
(ROR) α2 by SETD7 methylation increased the onco
genic potential of RORα2. The methylated RORα2 
binds to the coactivator complex of pontin and tip60, 
enhances the function of target genes in the nucleus of 
transcriptional regulation, thereby promoting the pro
gression and proliferation of prostate tumors [34].
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Hong’s group found that there was a negative cor
relation between the expression of SETD7 and right 
open reading frame kinase 1 (RIOK1) in colorectal 
cancer and gastric cancer tissues. SETD7 can affect the 
stability of RIOK1 through methylation modification 
and then participate in the progression of colorectal 
cancer and gastric cancer [35].

3.2 Anti-tumor effect

Some scholars have reported that SETD7 can up- 
regulate the expression level of histone deacetylase 6 
(HDAC6)-mediated acetylated -α-tubulin, inhibit the 
activity of the extracellular signal-regulated kinase 
(ERK) signaling pathway, and play a role in inhibiting 
the proliferation and migration of colon cancer cells 
[36]. Similarly, it has been reported that SETD7 acts as 
a tumor inhibitor in lung cancer, and the low expres
sion of SETD7 promotes the progression of lung can
cer through the Janus kinase 2 (JAK2) signal 
transducer and activator of transcription 3 (STAT3) 
signaling pathway [37].

4 SETD7 and drugs

The abnormal expression of SETD7 has been linked to 
a variety of diseases, including cancer, so SETD7 is 
considered as a target for the development of new 
epigenetic drugs. Few selective small molecule inhibi
tors have been reported to target SETD7, among them, 
(R)-PFI-2 is the most effective. (R)-PFI-2 is a histone 
competitive inhibitor, which has shown inhibitory 
ability in vitro and cell tests [38]. X-ray complex 
structure analysis showed that (R)-PFI-2 can occupy 
the catalytic pathway of histone lysine binding, and 
(R)-PFI-2 binds to SETD7 only in the presence of 
SAM, the residues H252, D256, L267, Y335, G336, 
and H339 are responsible for the binding of SETD7 
to (R)-PFI-2 [39,40]. The IC50 value of (R)-PFI-2 
measured by mass spectrometry is 2 Nm [40]. The 
study of (R)-PFI-2 provides new ideas for the design 
of novel inhibitors, such as (R)-PFI-2 analogs.

Studies have found that anti-allergic drug cypro
heptadine can be used in the treatment of breast 
cancer. About 70% of breast cancers express estrogen 
receptor alpha (ERα), and the methylation of Erα by 
SETD7 contributes to the stabilization of ERα and 
activates its transcriptional activity, which is

involved in the carcinogenesis of breast cancer [41]. 
Using fluorescent substrate-based HMT assay, in 
RIKEN natural products depository (NPDepo), 
high-throughput screening identified the clinically 
approved anti-allergic drug cyproheptadine as 
a SETD7 inhibitor. The IC value by c analysis is 1  
μm [42]. Cyproheptadine may enter the catalytic 
center of SETD7 from the substrate-binding side 
and interact with the catalytic residue through 
a unique binding mechanism [41]. This suggests 
that the regulation of SETD7 activity may be a new 
strategy for breast cancer treatment. However, phar
macological evidence on the adequacy of SETD7 as 
a therapeutic target remains limited.

In the latest study, biophysical and biochemical 
evidence show that compounds 2–79 can bind to 
SETD7 and inhibit it in vitro. Among the synthetic 
derivatives of compound 2–79, DC21 is considered 
to be an effective SETD7 inhibitor, half maximal 
inhibitory concentration (IC50) value is 15.93 μM. 
DC21 can be used as a lead compound to develop 
more potential SETD7 inhibitors and as a chemical 
probe for the study of the biological function of 
SETD7, which provides a new idea for the devel
opment of anti-tumor drugs [43].

Summary and outlook

In summary, SETD7 plays the role of chemical 
modification and regulates multiple biological 
functions by regulating transcriptional activity. 
Meanwhile, SETD7 may promote or inhibit the 
occurrence and development of tumors to some 
extent through methylation of histone and non- 
histone targets, which may be related to tumor 
types and different research methods, and its 
mechanism of action needs to be further clarified 
in the future. Therefore, SETD7 is a potential tar
get for tumor therapy. Although there are several 
SETD7 inhibitors, they have not been used in 
tumor therapy. Recently discovered compounds 
has relatively strong inhibition effect on SETD7, 
which may promote the development of novel 
regimens. Therefore, in-depth screening and 
study of its inhibitors are promising in the future.
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