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Abstract: SET Domain Bifurcated Histone Lysine Methyltransferase 1 (SETDB1, ESET, KMT1E) is a H3K9 
methyltransferase involved in gene silencing. In recent years, SETDB1 has been implicated as an oncogene in 
various cancers, highlighting a critical need to better understand the mechanisms underlying SETDB1 amplification, 
overexpression, and activation. In the following review, we first examine the history of SETDB1, starting from its 
discovery in 1999 and ending with recent findings. We follow with an outline of the structure and subcellular location 
of SETDB1, as well as potential mechanisms for regulation of its nuclear transport. Subsequently, we introduce 
SETDB1’s various functions, including its roles in promyelocytic leukemia nuclear body (PML-NB) formation, the 
methylation and activation of Akt, the silencing of the androgen receptor (AR) gene, retroelement silencing, the 
inhibition of tumor suppressor p53, and its role in promoting intestinal differentiation and survival. The Cancer Cell 
Line Encyclopedia (CCLE) screened SETDB1 dependency in 796 cancer cell lines, identifying SETDB1 as a common 
essential gene in 531 of them, demonstrating that SETDB1 expression is critical for the survival of the majority 
of cancers. Therefore, we provide a detailed review of the oncogenic effects of SETDB1 overexpression in breast 
cancer, non-small cell lung cancer, prostate cancer, colorectal cancer, acute myeloid leukemia, glioma, melanoma, 
pancreatic ductal adenocarcinoma, liver cancer, nasopharyngeal carcinoma, gastric carcinoma, and endometrial 
cancer. Accordingly, we review several methods that have been used to target SETDB1, such as using Mithramycin 
A, Mithralog EC-8042, 3’-deazaneplanocin A (DZNep), and paclitaxel. Finally, we conclude by highlighting remaining 
gaps in knowledge and challenges surrounding SETDB1. Ultimately, our review captures the wide scope of findings 
on SETDB1’s history, function, its implications in cancer, and provides suggestions for future research in the field.
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History of SETDB1

As shown in Figure 1, SETDB1 was discovered 
in 1999 and was mapped to human chromo-
some 1q21.3, with a length of 38.6 Kb [1]. 
Chromosome 1q gains are common features of 
ovarian cancers, endometrial cancers, lung 
adenocarcinoma, breast cancers, and liver 
hepatocellular carcinoma [2, 3]. The specific 
amplification of chromosome 1q21.3 has been 
linked to breast cancer recurrence [4] and 
1q21.3 has been identified as a susceptibility 
locus in melanoma [5]. Three years after its dis-
covery, SETDB1 was identified as a highly spe-
cific H3K9 methyltransferase that methylates 
euchromatic regions, resulting in gene silenc-
ing. Specifically, SETDB1 was found to bind to 
the plant homeodomain (PHD) of the KAP-1 

corepressor for KRAB zinc-finger proteins. 
SETDB1-mediated histone H3 methylation pro-
moted heterochromatin protein 1 (HP1) bind-
ing, resulting in compact heterochromatin for-
mation and thus, gene silencing [6, 7]. 
Furthermore, an in vitro pull-down assay re- 
vealed that SETDB1 interacts with transcrip- 
tion factor ERG and endogenous SETDB1 was 
shown to accumulate with ERG. Therefore, Yang 
et al. hypothesized that ERG regulates tran-
scription through SETDB1-mediated histone 
methylation [7]. The finding that promoter H3K9 
trimethylation causes transcriptional repres-
sion was further supported by a study in the fol-
lowing year which built on this conclusion, pro-
posing that SETDB1 tightly associates with the 
human homolog of mAM, a murine ATFa-
associated factor. This association was found 
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to increase SETDB1’s enzymatic activity, there-
by facilitating conversion of H3-K9 dimethyl to 
trimethyl [8]. The same year, the mouse homo-
log of SETDB1, ESET, was proposed to repress 
transcription by forming a multi-protein com-
plex with mSin3A/B and corepressors HDAC1/2 
[9]. These findings led to further study in 2006 
in that Li et al. reported that SETDB1 interacts 
with the de novo DNA methyltransferases, 
DNMT3A and DNMT3B, which are important 
factors in heterochromatin formation and gene 
silencing. SETDB1-HDAC1 was proposed to be 
recruited to the RASSF1A promoter by tran-
scriptional repressors, while DNMT3A was later 
recruited through direct interaction with 
SETDB1. These interactions result in DNA 
methylation and gene silencing [10]. Nearly ten 
years later, it was revealed that the post-trans-
lational K867 ubiquitination of SETDB1 was 
essential for its H3K9 methyltransferase activ-
ity. Furthermore, this ubiquitination and subse-
quent activation of its H3K9 methyltransferase 
activity was found to repress the expression of 
SETDB1 target gene SERPINE1 [11, 12]. In 
2011, SETDB1 was implicated in melanoma. 
Later studies proposed multiple roles of 
SETDB1 in tumorigenesis of other cancers. 
These findings are summarized in a later sec-
tion. Then in 2018, SETDB1 was shown to 
inhibit epithelial-mesenchymal transition (EMT) 
via H3K9 promoter methylation of SNAI1,  
an important EMT transcription factor. This 

methylation repressed the Smad3/4-mediated 
H3K9 acetylation and activation of the SNAI1 
promoter, thereby preventing EMT [13]. One 
year later, two papers reported that SETDB1 
methylates Akt as a key step in the oncogenic 
activation of Akt. Specifically, SETDB1-mediated 
methylation was found to be essential for the 
phosphorylation of Akt at Thr308, which acti-
vates Akt and promotes tumorigenesis [14, 
15]. Details are discussed in a later section.

Structure and subcellular distribution of 
SETDB1

The SET domain was originally identified in the 
Drosophila position effect variegation suppres-
sor SU(VAR)3-9 [16]. Several proteins that con-
tain SET domains modulate gene activity and/
or contain methyltransferase activity [17, 18]. 
Proteins with a SET domain were later associ-
ated with lysine-specific histone methyltrans-
ferase activity [19]. SETDB1 belongs to the SET 
family, which has a well-known function for epi-
genetic regulation [20]. However, SETDB1 is an 
extremely distinctive SET protein; as shown in 
Figure 2, it has a canonical CpG DNA methyl 
binding domain (MBD) on its N-terminal region, 
which serves as a platform to bind to methylat-
ed DNA [21]. The MBD is functional; it contains 
two DNA-interacting arginine residues [22, 23]. 
The MBD domain couples DNA methyl-CpG 
binding function with H3K9 methylation func-

Figure 1. Timeline of major discoveries in SETDB1 studies, including basic science and clinical translational studies. 
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tion. Therefore, the interplay between DNA 
methylation and histone methylation likely 
exists to promote epigenetic marks [24]. The 
C-terminal region of SETDB1 contains pre-SET, 
a bifurcated SET, and post-SET domains, which 
are essential for its methyltransferase activity 
[7]. While the pre-SET, SET, and post-SET 
domains are all crucial for histone methyltrans-
ferase activity [1, 25], the 347 amino acid 
insertion within the SET domain was proposed 
to be dispensable for the catalytic activity of 
SETDB1. The function of this insertion has yet 
to be elucidated. However, within the SET inser-
tion at lysine 867, SETDB1 is monoubiquitinat-
ed by the UBE2E family of E2 enzymes (UBE-
2E1, 2E2, and 2E3) in an E3-independent man-
ner. This ubiquitination was shown to be essen-
tial for SETDB1’s enzymatic activity in vitro and 
in vivo [11, 12]. SETDB1 is also unique in 
respect to its double tudor domains; these 
domains complex with mSin3A/B and HDAC1/2 
to participate in transcriptional repression 
pathways [9]. The double tudor domains also 
allow for (1) interaction with chromatin modifi-
cation enzymes, such as Runx2 and HDAC1/2 
[9, 26] and (2) are essential in directing RNA 
processing factors and transcription factors in 
Cajal bodies involved in snRNP processing [27]. 
SETDB1 also has three small ubiquitin-related 
modifier (SUMO)-interacting motifs [28] to stim-
ulate H3K9 methyltransferase activity by 
sumoylated interacting protein KAP1 for gene 
silencing. 

As denoted in Figure 2, several mutations have 
been observed to abolish SETDB1’s methyl-
transferase activity: a C to Y mutation at posi-
tion 1279, a C to A mutation at position 1226, 
an H to K mutation at position 1224, and a CDC 
to LDP mutation at positions 729-731 [6].

Although SETDB1 is primarily present in the 
cytoplasm of human cell lines, it is proposed to 
be also localized in the nucleus. Specifically, 
Tachibana et al. hypothesized that SETDB1 
undergoes proteasomal degradation which 
results in its export to the cytoplasm, explain-
ing the observation of SETDB1’s predominant 
presence in the cytosol. Their group demon-
strated this by administering dual treatment of 
leptomycin B (a chromosome region mainte-
nance 1 (Crm1) protein inhibitor that blocks 
nuclear transport) and a proteasome inhibitor, 
MG132. This treatment blocked the localization 
of SETDB1 to the cytosol and induced the 
nuclear accumulation of SETDB1 [29]. Nuclear 
entry of SETDB1 is reliant on its N-terminal 
region, as it contains two nuclear export signals 
and two nuclear localization signals. The exog-
enous location of SETDB1 is strictly regulated; 
cytoplasmic SETDB1 can successfully enter the 
nucleus and diffuse in the nucleoplasm or can 
bind to promyelocytic leukemia nuclear body 
(PML-NB) foci. However, SETDB1 will still be 
subject to export into the cytosol by a Crm1-
dependent mechanism [24, 30]. The culmina-
tion of these findings suggests that there is a 
clear regulatory mechanism in place that limits 

Figure 2. Diagram of gene and function domains of SETDB1. 
SETDB1 is located on chromosome 1q21.3, consisting of 22 
exons. SETDB1 protein has two Tudor domains, a CpG DNA 
methyl binding domain (MBD), and a bifurcated SET domain.
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the activity of SETDB1 in the nucleus; aberrant 
nuclear activity would likely result in detrimen-
tal chromatin modifications. 

Studies investigating potential mechanisms  
for the nuclear retention of SETDB1 have im- 
plicated ATF7IP, a nuclear protein that binds  
to SETDB1’s N-terminal region. Since the 
N-terminal region of SETDB1 contains the 
nuclear export signal motifs, it was proposed 
that the binding of ATF7IP inhibits the nuclear 
export of SETDB1. As a result, loss of ATF7IP 
resulted in an increase of SETDB1’s cytoplas-
mic signal, while the nuclear signal decreased. 
These findings suggest that ATF7IP may play a 
protective role against proteasomal degrada-
tion of SETDB1. Furthermore, Western blot 
analysis showed that the nuclear retention and 
accumulation of SETDB1 leads to an increase 
in its own ubiquitination; V5-SETDB1 transfec-
tion produced the expected doublet band, while 
co-transfection with 3xFLAG-ATF7IP produced 
the upper band of V5-SETDB1 (which is associ-
ated with the ubiquitinated form of SETDB1). 

the PML-NB structure, which is essential for 
multiple functions, including maintenance of 
pluripotency in embryonic stem cells and 
recruitment of SUMO-1 and Sp100 proteins 
[30]. Furthermore, PML has been extensively 
linked to gene transcription, tumor suppres-
sion, apoptosis, the antiviral response, and 
DNA repair [33, 34]. Cho et al. demonstrated 
that knockdown of SETDB1 resulted in PML-NB 
dismantling, while PML degradation via arsenic 
treatment caused SETDB1 foci to disappear 
[35]. A later study revealed that the SUMO-
interaction motif (SIM) on SETDB1 was essen-
tial for interaction between SETDB1 and PML 
proteins, while SETDB1 proteins with a SIM 
mutation resulted in damage to PML-NB struc-
tures [30].

Methylation of Akt

Dysregulated Akt (protein kinase B) signaling 
has been linked to multiple human diseases, 
such as cancer, where hyperactivity of Akt 
drives chemotherapy resistance and is a land-

Figure 3. Schematic diagram of the multiple functions of SETDB1. SETDB1 
has five main functions: 1) Epigenetic Effects: SETDB1 is an epigenetic mod-
ifier involved mainly in H3K9 methylation. It can also contribute to H3K27 
and DNA methylation. 2) PML-NB Formation: SETDB1 is an integral com-
ponent of PML-NB structures which are essential for multiple functions. 3) 
Retroelement silencing: SETDB1 is essential in pro-viral silencing and the 
silencing of ERVs. 4) Inhibition of Cell Cycle Arrest: SETDB1 can transcrip-
tionally silence p53 and promote the stability of the oncogenic p53 mutant 
through its methylation, inhibiting cell cycle arrest. 5) Cell proliferation: SET-
DB1 can stimulate cell proliferation through the activation of Akt. This is 
mediated through methylation of Akt at lysine residues 64, 140, and 142 
resulting in Thr-308 phosphorylation and increased activity of Akt. 

The ubiquitinatable residue  
in mouse SETDB1 is lysine 
885. Strikingly, when the 
K885R mutant was co-
expressed with 3xFLAG-ATF- 
7IP, no ubiquitination signal 
was observed. However, a 
slight shift of the upper band 
compared to controls was 
seen, suggesting that ATF7IP 
may induce other unknown 
modifications in SETDB1 [31, 
32]. 

SETDB1 functions

Although the primary role of 
SETDB1 is in transcriptional 
silencing through its H3K9 
methyltransferase activity, it 
is a genome-wide chromatin 
modifier that can function in a 
variety of settings. SETDB1’s 
multiple functions are summa-
rized in Figure 3.

SETDB1 is essential for PML-
NB formation

SETDB1 has been established 
as an integral component of 
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mark of tumor severity [36-39]. The first link 
between SETDB1 and Akt was established in 
2007 via yeast two-hybrid screening. This 
nuclear interaction was demonstrated to be 
direct via a GST pull-down assay wherein 
SETDB1 specifically interacted with GST-Akt1, 
but not GST alone [40]. More recently, two stud-
ies from Wei and Lin groups proposed that 
SETDB1 not only interacts with Akt, but is 
essential for the activation of Akt. Using site-
specific antibodies, both groups detected Akt 
trimethylation at three sites: K64, K140, and 
K142. Both groups used mass spectrometry 
(MS), however, only Guo et al. detected trimeth-
ylation at K140/142. While K64 rests within 
Akt’s pleckstrin homology (PH) domain, K140 
and K142 were located in the Akt linker region 
[14, 15]. Guo et al. proposed that K140 and 
K142 were major lysine trimethylated residues 
on Akt; mutation of both K140 and K142 
resulted in a dramatic reduction of Ak1 lysine 
trimethylation in cells. To assess the function of 
trimethylation within the Akt1 linker region, 
Guo et al. created a methylation-deficient vari-
ant of Akt (K140R and/or K142R) in DLD1-

AKT1/2-/- cells. The Akt1-K140/142R double 
mutant experienced the greatest reduction in 
activation, although Akt1-K140R and Akt1-
K142R mutants also experienced reduced acti-
vation in comparison to wild type Akt1. 
Consequently, lack of methylation on K140 and 
K142 resulted in a reduction of cell colony for-
mation, anchorage-independent growth, glu-
cose uptake, and lactate production in vitro. In 
mice where the double mutation was knocked 
in (Akt1K1/K1), body size, weight, and Akt kinase 
activity decreased, when compared to control 
mice. The Akt1K1/K1 mice also had lower occur-
rence of skin tumors, and lower papilloma bur-
den. Therefore, Akt1 methylation in its linker 
region was suggested to promote oncogenic 
Akt1 kinase activity.

Guo et al. presented a mechanism of Akt acti-
vation wherein K140/142me3 primes Akt for 
activation and may also prime Akt for methyla-
tion at K64. Specifically, SETDB1 was proposed 
to bind Akt via phosphatidylinositol (3,4,5)-tri-
phosphate, which binds to Akt’s PH motif at the 
plasma membrane [15]. However, Wang et al. 
proposed a different mechanism that centered 
around K64 methylation. Specifically, Wang et 
al. proposed that SETDB1-mediated K64 meth-
ylation of Akt takes place in the cytosol and 

serves as a key platform for the recruitment of 
JMJD2A (also known as KDM4A), a histone 
demethylase that has been previously reported 
to drive tumorigenesis [14, 41, 42]. After this 
interaction, E3 ligases (TRAF6 and Skp2-SCF) 
are recruited to the Akt complex leading to pro-
moting K63-linked ubiquitination and cell mem-
brane recruitment of Akt. Once Akt has been 
recruited to the cell membrane, Akt can be acti-
vated by PDK1-mediated phosphorylation on 
Thr308 for activating Akt activity [14, 43]. 
Therefore, SETDB1-mediated Akt K64 methyla-
tion was found to be crucial for the Akt-JMJD2A 
interaction and therefore, important for Akt’s 
K63-linked ubiquitination and ultimate activa-
tion. Accordingly, when JMJD2A/KDM4A was 
depleted, Akt ubiquitination and Thr308 phos-
phorylation levels decreased [14].

Since SETDB1, unlike other methyltransferases 
such as EZH2, was able to enhance Akt me3 in 
cells, Guo et al. proposed that SETDB1 could 
be an upstream regulator of Akt methylation. In 
addition to SETDB1 promoting methylation of 
K64, S’-adenosylmethionine (SAM)-mediated in 
vitro methylation assays revealed that SETDB1 
could also methylate Akt1 at its K140 and 
K142 residues. Deletion of SETDB1 in cells 
reduced Akt activation and Akt-pThr308 in dif-
ferent cell lines. Contrastingly, KDM4B demeth-
ylated and attenuated Akt1 kinase activity. 
Specifically, KDM4B-WT erased Akt1-K140- 
me3, and interactions between Akt and KDM4B 
predominantly occurred in the late phase of 
insulin stimulation. This finding suggested that 
KDM4B may be a bona fide Akt1 demethylase 
[15]. However, other studies have implicated 
KDM4B in gastric carcinogenesis as a coactiva-
tor of oncogene c-Jun [44].

In xenograft tumor models, SETDB1-mediated 
Akt K64 methylation was found to promote 
tumorigenesis via induction of Akt K63-linked 
ubiquitination and activation. The same study 
used IHC staining of 156 NSCLC specimens to 
reveal upregulated expression of SETDB1 and 
Akt K64 methylation, ultimately predicting poor 
survival of NSCLC patients. This conclusion 
aligned with Kaplan-Meier survival analysis. 
[14]. Guo et al. supported these findings, add-
ing that Akt methylation synergizes with PI3K 
signaling to control Akt activation. While meth-
ylation of Akt enhanced Akt’s kinase activity, 
the absence of methylation attenuated Akt 
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kinase activity, leading to repression of tumori-
genesis and cell growth [15]. Therefore, in can-
cers that are driven by hyperactive Akt, SETDB1 
may be a promising therapeutic target.

SETDB1 silences the androgen receptor gene

The androgen receptor (AR) is a ligand-activat-
ed transcription factor that is essential for sex-
ual development in males. Alterations in AR 
function have been linked to several diseases, 
including prostate cancer [45]. Argonaute (AGO) 
proteins are known to be essential in the estab-
lishment of the RNA-induced silencing complex 
(RISC), which results in transcript degradation 
or inhibition of translation [46]. Specifically, 
Argonaute-2 (AGO2) has been described as the 
catalytic engine that drives mRNA cleavage. It 
has been previously reported that AGO2 is 
recruited to target sites, specifically when in 
the presence of promoter-targeted antigene 
RNAs (agRNAs) that are complementary to AR 
and progesterone receptor (PR) promoter 
sequences [47]. A later study demonstrated 
that SETDB1 cooperates with AGO2 to facilitate 
promoter-targeted agRNA-induced transcrip-
tional gene silencing. agRNA-driven AGO2 is 
targeted to the promoter, then is followed by 
SETDB1 and the SIN3-HDAC complex. Loca- 
lization of these components at the promoter 
resulted in H3K9 trimethylation. Without AGO2 
or SETDB1, agRNA-mediated transcriptional 
gene silencing failed to be induced at AR and 
PR promoters. A dual-lock mechanism was  
proposed wherein the agRNA-targeted AR pro-
moter is modified by two repressive marks: 
H3K9me3 via SETDB1 and H3K27me3 via 
EZH2 [48].

SETDB1 mediates retroelement silencing

Retrotransposition can result in genome insta-
bility. Thus, retroelements that have integrat- 
ed are often transcriptionally silenced via  
DNA methylation and/or H3K9 trimethylation. 
Matsui et al. reported that SETDB1 and KAP1 
are not only responsible for H3K9 trimethyl-
ation, but also are essential for the silencing of 
endogenous and introduced retroviruses, spe-
cifically in mouse embryonic stem (ES) cells. 
While H4K20 methyltransferases were found 
to be inessential for silencing, SETDB1 was 
proved to be critical for heterochromatin pro-
tein 1 (HP1) binding and efficient proviral  
silencing. Considering that triple knockout of  

DNA methyltransferases Dnmt1-/- Dnmt3a-/- 
Dnmt3b-/- did not affect SETDB1-mediated 
H3K9 trimethylation, it was proposed that pro-
viral silencing relies on a pathway involving 
SETDB1 and KAP1, independent of DNA meth-
ylation [49]. Indeed, later studies showed that 
de novo recruitment of SETDB1 to retroele-
ments was dependent on the KRAB-zinc finger 
protein/KAP1 pathway; KAP1 complexes with 
SETDB1 and KRAB zinc finger proteins. KAP1 
contains a RING-B box-coiled coil domain, an 
HP1 binding domain, and a PHD-bromodomain 
for the recruitment of SETDB1 to gene promot-
ers. However, while the mechanism of de novo 
recruitment of SETDB1 is relatively well under-
stood, the spreading mechanisms of SETDB1-
mediated H3K9me3 remain to be further eluci-
dated [50]. 

SETDB1 regulates p53 stability and inhibits 
p53-mediated apoptosis

Previous studies have demonstrated that p53 
activity is regulated by lysine methylation. 
Specifically, methylation of p53-K372 via Set9 
was shown to stabilize a chromatin-bound frac-
tion of p53 and regulate p53 target genes [51]. 
Similarly, SETDB1 was shown to dimethylate 
p53-K370 and subsequently be one important 
mode of regulating the stability of p53 [52]. 
Other seminal works include a study in CRC 
where two SETDB1 enrichment sites were 
found in the TP53 promoter region, -200 and 
-600 bp upstream from the start codon. 
Specifically, SETDB1 was observed to suppress 
apoptosis in CRC cells by inhibiting TP53 [53]. 
This finding was also supported in the pancre-
as; ChIP assays revealed that SETDB1 bound 
directly to the p53 promoter region, thereby 
directly regulating the expression of p53 in the 
pancreas [54]. More specific findings related to 
SETDB1 and its role in these specific cancers 
will be outlined in the following sections. 

In contrast to wild-type p53, SETDB1 stabilizes 
the gain of function mutant p53R249S, which has 
a half-life greater than three times that of the 
wild-type. Surprisingly, the presence of the 
mutated form coincided with increased SETDB1 
gene amplification and expression. This mutant 
form of p53, which was shown to promote cell 
proliferation and migration in lung cancer cells, 
was found to be considerably more methylated 
at its K370 than the wild-type form in liver can-
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cer cells. Additionally, cells bearing the p53R249S 
mutation were significantly more susceptible 
and sensitive to SETDB1 loss than those with 
wild-type or deleted p53 [52]. 

SETDB1 promotes intestinal epithelium differ-
entiation and prevents inflammation 

SETDB1 was identified to be highly expressed 
in the intestinal epithelium [55]. Related to the 
findings of Fukuda & Shinkai, another group 
found that SETDB1 deletion resulted in the  
activation of endogenous retroviruses [55]. 
Additionally, in mice with SETDB1 deletions, 
DNA damage and inflammation were induced, 
ultimately leading to death from significant epi-
thelial cell loss. Specifically, alkaline phospha-
tase levels served as a marker of differentia-
tion and were found to be depressed in 
SETDB1-deleted mice. Although GLUT2 levels 
remained unchanged between control and 
SETDB1-deleted mice, the expression of SGLT1, 
an apical glucose transporter, decreased pro-
gressively until eventual complete loss. 
Ultimately, it was shown that SETDB1 is essen-
tial for the survival and differentiation of the 
intestinal epithelium [55]. 

SETDB1 & immune cell function

SETDB1 has been shown to play an important 
role in immune cells function and development. 
Rumi et al. found that SETDB1 negatively regu-
lated the expression of TLR4-mediated pro-
inflammatory cytokines, such as IL6 in macro-
phages. Specifically, SETDB1-mediated H3K9 
methylation at the promoter of cytokines result-
ed in impaired recruitment of NF-κB, a tran-
scription factor responsible for cytokine pro-
duction in macrophages [56]. SETDB1 is essen-
tial in T-cell development as well [57]. Takikita 
et al. demonstrated that SETDB1 depletion can 
significantly hinder T-cell development, espe-
cially for CD8 T-cells. In the absence of SETDB1, 
TCR-induced ERK activation, which is neces-
sary for T-cell development, was suppressed 
via increased expression of FcγRIIB. SETDB1 
H3K9 methylation was shown to be responsible 
for regulating the transcription level of FcγRIIB 
[57].  

SETDB1 H3K9 tri-methylation activity can be 
regulated by ATF7IP

The Human Silencing Hub (HUSH) complex, 
consisting of TASOR, MPP8, and Periphilin, can 

recruit SETDB1 to catalyze H3K9me3 as a reg-
ulator of heterochromatin. Additionally, ATF7IP 
was shown to be essential for the functioning of 
SETDB1 at the HUSH complex, promoting tran-
scriptional repression. Specifically, ATF7IP can 
regulate SETDB1 by enhancing SETDB1 stabili-
ty and its protection from proteasomal degra-
dation inside the nucleus [31]. Timms et al. fur-
ther showed that ATF7IP level can also be 
affected in the absence of SETDB1 as SETDB1 
knocked-out cells displayed a significantly 
reduced level of ATF7IP protein level inside  
the nucleus. Comparing RNA-seq data from 
SETDB1-knockout HeLa cells to that of ATF7IP-
knockout cells illustrated significant overlap 
within differentially expressed genes relative to 
wild type with only a few genes expressed dis-
cordantly. These findings suggest that SETDB1 
and ATF7IP functions are greatly intertwined. 

SETDB1 is overexpressed in multiple cancers 
and is correlated with worse survival 

Apart from being implicated in obesity, 
Huntington’s disease, schizophrenia, and 
autism, SETDB1 has also been involved in a 
wide variety of cancers: breast cancer, non-
small cell lung cancer, prostate cancer, colorec-
tal cancer, acute myeloid leukemia, glioma, 
melanoma, pancreatic ductal adenocarcinoma, 
liver cancer, and endometrial cancer. These 
findings are summarized in Table 1. Further- 
more, the Cancer Cell Line Encyclopedia (CCLE) 
screened SETDB1 dependency in 777 cancer 
cell lines, identifying SETDB1 as a common 
essential gene in 524 cancer cell lines. This 
demonstrates that SETDB1 expression is criti-
cal for the survival of the majority of cancers 
(DepMap Portal). Additionally, using the cBio-
Portal and Oncomine databases, SETDB1 over-
expression was correlated with worse survival 
in colorectal cancer (CRC), endometrial cancer 
(UCEC), thyroid cancer (THCA), liver cancer 
(LIHC), renal cancer, and melanoma [14]. 

Breast cancer

SETDB1 has been implicated in BRC from vari-
ous studies. For example, Wu et al. assessed 
45 BRC tissue samples via RT-PCR, finding that 
SETDB1 mRNA expression was markedly ele-
vated in BRC tissues in comparison with nor-
mal tissues. Accordingly, Kaplan-Meier survival 
assay and log-rank test revealed that low 
SETDB1 mRNA expressing tissues had signifi-
cantly longer survival times in comparison with 
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Table 1. Summary of current SETDB1 literature in multiple cancer types
Cancer Type Patient Sample or Cell Line Methods Conclusion and References

1 BRCA H1299, BT549, MCF7, MD-MB231, 
MD-MB453, &MD-MB468

Clonogenic assay, Western blotting (WB), 
immunoprecipitation (IP), RT-PCR, SQ-PCR, 
and yeast two-hybrid screening.

SETDB1 mediates the stabilization of p63 via interaction with ΔNp63α. 30 genes 
with a positive correlation to improved survival in BRC patients were identified to be 
repressed by ΔNp63α in a SETDB1-mediated manner [62].

2 BRCA n = 45 qRT-PCR, flow cytometry, and luciferase 
reporter assay. 

SETDB1 knockdown may suppress breast cancer growth via miR-381-3p-related 
regulation [58].

3 BRCA MCF7, T47D, BT549 and MDA-MB-231 qRT-PCR, CHIP, mice experiments, and 
wound healing, migration, and invasion 
assays.

SETDB1 binds directly to the transcription factor, Snail, promoter, thereby acting as 
an EMT inducer [107]. 

4 BRCA n = 55 qRT-PCR, IHC, soft agar assay, xenograft 
mice model, microarray analysis, and breast 
tumor tissue array.

Overexpression of SETDB1 promotes BRC tumorigenesis by enhancing translation 
of CCND1 and MYC mRNA. MYC was found to be essential in the ERα-mediated 
regulation of SETDB1 [59].

5 BRCA MDA-MB-231 qRT-PCR, gene network analysis, and wound 
healing, migration, and invasion assays.

SMAD7 expression is regulated by SETDB1 levels; up-regulation of SMAD7 by 
SETDB1 knockdown inhibits BRC [60].

6 BRCA n = 159 IHC, differential gene expression analysis. SETDB1 is an oncogene and can serve as a prognostic biomarker in BRC [61].

7 NSCLC, SCLC A549, NCI-H1299, DMS-114, DMS-
273, etc. (Total 15 cell lines)

qRT-PCR, quantitative genomic PCR, 
fluorescence in situ hybridization, mice 
experiments.

SETDB1 depletion reduces lung cancer growth in vitro and in vivo; SETDB1 over-
expression increases tumor invasiveness. SETDB1 is a bona fide oncogene in lung 
cancer [63].

8 NSCLC n = 282 Fluorescence in situ hybridization. SETDB1 amplification was associated with an advanced cancer stage [66].

9 NSCLC n = 64 qRT-PCR, univariate and multivariate Cox 
analyses.

SETDB1 and BRCA1 overexpression were correlated with worse disease-free sur-
vival in stage I NSCLC patients [108].

10 NSCLC A549 Promoter cloning, luciferase assay, ChIP, 
human phosphor-MAPK kinase screening, 
qRT-PCR, Western blot, and scratch, cell 
migration, and colony formation assays.

Treatment with doxorubicin led to a decrease in SETDB1 expression and an 
increase in FosB expression. Luciferase reporter activity studies suggest FosB is 
negatively regulated by SETDB1. MEK inhibition activated ERK2 during doxorubicin 
treatment, inhibiting SETDB1 from regulating the FosB promoter. These findings 
suggest potential for an anti-therapeutic mechanism within the ERK2-FosB-SETDB1 
signalling pathway [106].

11 NSCLC n = 30 Luciferase reporter vector construction, 
dual luciferase reporter assay, qRT-PCR, and 
Western blotting.

SETDB1 was shown to be a target of miR-29s; ectopic expression of miR-29 de-
creased SETDB1 expression. TP53 was shown to upregulate expression of miR-29s, 
leading to a reduction in SETDB1 expression. TP53 negatively regulates SETDB1 
expression by increasing miR-29 expression [109].

12 NSCLC Data from 1140 NSCLC cases Gene Expression Omnibus (GEO) analysis. Global overexpression of SETDB1 mRNA is likely a hallmark of NSCLC. SETDB1 was 
elevated in NSCLC patients who were current or former smokers [65].

13 NSCLC n = 196 IHC, qRT-PCR, cell proliferation assay, flow 
cytometry, cell invasion and migration assay, 
luciferase reporter assay, and WB.

Oncogenic activity of SOD1 was inhibited by miR-409-3p binding to its 3′ UTR. 
SETDB1 was negatively correlated with miR-409-3p and positively correlated with 
SOD1. Thus, SETDB1 may participate in a regulatory feedforward loop involving 
miR-409-3p and SOD1 [110].

14 Prostate Cancer 
(PCa)

n = 108 IHC, qRT-PCR, in vitro scratch and transwell 
invasion assay.

SETDB1 is overexpressed in human PCa; silencing of SETDB1 inhibited PCa cell 
proliferation, migration and invasion [69].

15 CRC n = 8 (fresh CRC tissues), n = 132 (CRC 
paraffin sections)

IHC, CCK8 assay, ChIP assay, cell scratch 
assay, subcutaneous tumor implantation in 
BALB/C nude mice, survival analysis.

SETDB1 overexpression promoted CRC proliferation and migration in vitro and in 
vivo, and inhibited 5-FU induced apoptosis in CRC cells. Knocking down SETDB1 
suppressed CRC growth. SETDB1 can bind the promoter region of TP53 [53].

16 CRC n = 90 IHC, SurvExpress data mining, and statisti-
cal analyses.

Expression of SETDB1 on the protein level was identified to be 82% higher in colon 
adenocarcinoma tissue compared to paired control tissues, and was correlated with 
histological grade, TNM stage, T-class, N-class, and worse survival [111].
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17 CRC n = 207 IHC and image analysis. Compared to normal tissues, SETDB1 expression was lower in CRC tumor tissues. 
In CRC tissues, no correlation was found between nuclear expression of SETDB1 
and H3K9me3 [70].

18 CRC n = 296 IHC, qRT-PCR, flow cytometry, IF staining, ret-
rovirus transduction, ChIP, organoid culture, 
and transcription entropy analysis.

SETDB1 hinders the function of several transcription factors that commit stem-like 
colorectal cancer cells into a differentiated normal-like state; SETDB1 depletion 
converts stem-like CRC cells into postmitotic cells, restoring normal morphology 
[42].

19 CRC n = 60 qRT-PCR, ChIP-PCR, dual luciferase reporter 
assay, CCK8 assay, tumor xenograft in nude 
mice, migration and invasion assay, colony 
formation assay.

SETDB1 regulates EMT in CRC cells. SETDB1 can regulate the activity of p21 via 
promoter binding. SETDB1 silencing inhibits CRC proliferation, migration, and inva-
sion in vitro, and inhibits tumorigenesis in vivo [72].

20 CRC n = 115 IHC, real-time PCR, CCK8 assay, flow 
cytometry, immunofluorescence, migration, 
invasion, and colony formation assays.

SETDB1 binds the STAT1 promoter region, increasing STAT1 expression. The STAT1-
CCND1/CDK6 axis is a downstream effector of SETDB1-mediated CRC cell prolifera-
tion. SETDB1 overexpression promotes CRC tumorigenesis in vivo [71].

21 CRC n = 60 IHC, RNA interference, transwell migration 
assay, subcutaneous tumor implantation in 
BALB/C nude mice.

SETDB1 level correlates with worse clinical outcome, SETDB1 attenuation inhibits 
CRC tumorigenesis and increases sensitivity to cetuximab [112].

22 AML THP-1 cells CRISPR library generation, CHIP-seq, CHIP-
qPCR, CRISPR/Cas9 sgRNA screen and 
analysis.

SETDB1 is a negative regulator of innate immunity in AML. SETDB1 disruption 
induces viral response gene expression. SETDB1-disruption-induced cell death in 
AML relies on the viral sensing machinery. Loss of SETDB1 induces retrotranspos-
able element expression and induction of dsRNA [73].

23 AML AML cell lines were generated from 
C57Bl/6 transgenic mouse bone 
marrow

Proliferation, luciferase, and colony forma-
tion assays, IP, affinity purification MS, 
CHIP-qPCR.

SETDB1 was identified to directly bind to the PAF1c subunit CDC73, whose interac-
tion is stabilized by mutant CDC73, resulting in repression of PAF1c downstream 
genes, Meis1 and HOXA9 [77].

24 AML MLL-AF9 and E2A-HLF Cell line generation, mouse modeling, qPCR, 
sequencing libraries preparation, data min-
ing for patient sample data.

SETDB1 expression is correlated to disease status and overall survival in acute 
myeloid leukemia patients. SETDB1 induces repressive changes to the promoter 
epigenome and downregulation of AML-linked genes [78]. 

25 Glioma n = 5
1321N1, GOS-3, T98G, and U87MG

IHC, RT-PCR, WB, siRNA gene knockdown, 
and cell proliferation, migration, clonogenic, 
and apoptosis assays.

SETDB1 and SUV39H1 are both overexpressed in glioma tissues and cells. Sup-
pressing H3K9 HKMTs reduced glioma proliferation, migration, and colony forma-
tion [80].

26 Glioma n = 40 IHC, real-time PCR, and WB, and syngeneic 
mouse models. CCK-8 assay, colony forma-
tion assay, and wound healing and transwell 
assays.

SETDB1 was upregulated and related to worse progression in glioma. SETDB1 
overexpression promoted cell proliferation, invasion, and migration in vitro, while 
SETDB1 knockdown had opposite effects. SETDB1 promoted AKT/mTOR-dependent 
CSF-1 secretion, resulting in recruitment of macrophages and tumor growth [79].

27 Melanoma n = 20 IHC, miniCoopR assay, senescence assay, 
RNA extraction.

SETDB1 accelerated melanoma formation and correlated with more aggressive 
tumor formation in zebrafish. SETDB1 was overexpressed in human melanocytes. 
SETDB1 overexpression resulted in transcriptional dysregulation of Hox genes [85].

28 Melanoma n = 100 SETDB1 amplification analysis, ChIP, IHC, 
transcriptomic analysis, migration, invasion, 
and proliferation assays, and mouse xeno-
graft studies.

SETDB1 was associated with poor prognosis and more aggressive phenotypes in in 
vitro and in vivo. SETDB1 induces THBS1 activation via H3K4me1. Catalytic muta-
tion of SETDB1 leads to decrease in tumorigenicity in melanoma [86].

29 Melanoma SK-HI-SETDB1 (subclone generated 
from parental SKMEL28 cells)

Plasmid/lentiviral cell transduction, PCR, tis-
sue microarray analysis, IF, ELISA proteome 
profiler, transcriptional profiling assay, and 
cell viability, migration, and invasion assays.

Mithramycin A and Mithralog EC-8042 (1) reduced SETDB1 expression in mela-
noma cells, (2) induced transcriptomic, morphological, and functional changes, and 
(3) improved efficacy of MAPK inhibitor treatment [113].

30 Melanoma n = 299*
*zebrafish transgenic model

Zebrafish transgenic model, TCGA 
melanoma data mining, IHC, BRAFV600E MCR 
melanoma model.

Two genes on chromosome 1q, SETDB1 and HDGF, were identified to be commonly 
co-altered, resulting in progression of melanoma and overall worse patient progno-
ses [87].



SETDB1 in cancer

1812	 Am J Cancer Res 2021;11(5):1803-1827

31 Pancreatic ductal 
adenocarcinoma 
(PDAC)

n = 48 IHC, ChIP, cell proliferation assay, methyl-
transferase activity quantification assay, 
qRT-PCR, microarray analysis, and mice 
models.

SETDB1 is essential in the development of pancreatic ductal adenocarcinoma and 
is activated by KRAS. SETDB1 was found to directly bind to the p53 promoter region 
to regulate expression of p53. SETDB1 suppression led to p53 upregulation. Fur-
ther, deletion of SETDB1 was found to prevent the formation of PDAC via induction 
of p53-mediated apoptosis [54].

32 Hepatocellular carci-
noma (HCC) 

n = 59 IHC, TMA, cell proliferation assay, RNAi, 
immunoprecipitation, WB, RT-PCR, FFPE, in 
vitro methylation assay, TP53 mutagenesis.

GOF TP53 mutations such as R294S were shown to correlate with SETDB1 
overexpression. In cell lines carrying the R294S mutation, inactivation of SETDB1 
inhibited HCC growth. SETDB1 was shown to mechanistically regulate HCC growth 
by complexing with p53 and dimethylating p53K370 [52].

33 Hepatocellular carci-
noma (HCC) 

n = 16 RNA-Seq, qRT-PCR, IHC, WB, establishment 
of stable SETDB1 knockdown cells, in vivo 
orthotopic tumor implantation model, CHIP 
assay, luciferase reporter assay.

SETDB1 was identified as the greatest upregulated epigenetic regulator in HCC; 
its overexpression was linked to greater disease progression, aggressiveness, and 
worse prognosis. SETDB1 knockdown inhibited cell migration, lung metastasis, 
and orthotopic tumorigenicity. SP1 hyperactivation was found to transcriptionally 
increase SETDB1 expression, while miR-29 had the opposite effect [88].

34 Hepatocellular carci-
noma (HCC) 

n = 24 Yeast two-hybrid test, GST pull-down, CLIP 
assay, cell proliferation, migration, and 
invasion assays, xenograft studies, and 
establishment of stable cell lines.

SETDB1 overexpression in HCC was related to increased cell proliferation and 
migration. These effects were reversed by Tiam1 knockdown, leading to the conclu-
sion that SETDB1 relies on complexing with Tiam1 for its oncogenic functions [93].

35 Hepatocellular carci-
noma (HCC) 

n = 90 IHC, ISH, TCGA data mining, qRT-PCR, WB, 
luciferase reporter assays, IR, colony forma-
tion and apoptosis assays, neutral comet 
assay, mice models.

In HCC tissues, miR-621 was found to inhibit SETDB1 expression by targeting 
SETDB1’s 3’ UTR. This inhibition led to an increase in HCC cell radiosensitivity, in 
part due to the activation of the p53 pathway [97]. 

36 Endometrial Cancer 
(EC)

n = 95 Copy number and somatic variant calling, 
methylation analysis, HotSpot3D, RNA quan-
tification and analysis, MS data interpreta-
tion, and other proteogenomic analyses.

CDKN1A/p21 RNA levels were anticorrelated with those of SETDB1. SETDB1 was 
also negatively correlated with TNFRSF10B, an apoptotic protein. In general, genes 
such as SETDB1 that mapped to chromosome 1q showed negative correlations with 
p53 pathway activity in EC; however, SETDB1 exhibited the strongest anticorrelation 
[94].

37 Nasopharyngeal 
Carcinoma (NPC)

n = 152
HONE1, SUNE1, CNE1, CNE2, 5-8F 
and 6-10B

IHC, qRT-PCR, WB, cell viability assay, cell 
cycle analysis, transwell assays, and statisti-
cal analyses.

SETDB1 was more highly expressed in NPC tissues compared to control tissues and 
correlated with poor prognosis in NPC patients. in vitro overexpression of SETDB1 
resulted in increased cell proliferation, migration, and invasion; downregulation of 
SETDB1 had opposite effects [95]. 

38 Gastric Cancer (GC) n = 66 qRT-PCR, luciferase assay, H. pylori-infected 
mouse model, ChIP, proliferation and metas-
tasis assays, CCK-8 assay, IHC, and wound 
healing assays.

SETDB1 promoted tumorigenesis in GC, in part via interaction with ERG, enhancing 
transcription of oncogenes CCND1 and MMP9. TCF4 promoted transcriptional 
expression of SETDB1 [96].
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the group with high SETDB1 mRNA expression. 
However, when SETDB1 was knocked down in 
MCF-7 and MDA-MB-231 cells, proliferation, 
cell cycle progression, and migration were 
inhibited. In vivo, SETDB1 knockdown resulted 
in significant decreases in tumor volume and 
tumor weight [58]. Xiao et al. supported these 
findings and added that SETDB1 is upregulated 
via c-MYC binding to the SETDB1 promoter. On 
the other hand, silencing of c-MYC or BMI1 hin-
dered tumorigenic effects of SETDB1 [59]. Ryu 
et al. expanded on these findings, adding that 
SETDB1 knockdown in human breast cancer 
cell line MDA-MB-231 resulted in 1) regulation 
of actin cytoskeleton and cell adhesion mole-
cules, 2) upregulation of epithelial-mesenchy-
mal transition (EMT) markers (CDH1 and 
Claudin 1), and 3) downregulation of mesenchy-
mal-epithelial transition (MET) markers (CHD2 
and Vimentin). These findings suggested 
SETDB1 was associated with metastasis and 
cell migration in BRC. In the same study, 
SMAD7, an antagonist of the TGF-beta signaling 
pathway, was shown to be upregulated when 
SETDB1 was knocked down. Strikingly, the EMT 
markers that were upregulated by knockdown 
of SETDB1 were downregulated when SETDB1 
and SMAD7 were both knocked down. This led 
to the conclusion that SETDB1 overexpression 
promotes metastasis via the downregulation of 
SMAD7 [60]. A 2020 paper studied 159 BRC 
tissue samples and supported these findings, 
demonstrating that SETDB1 protein level posi-
tively correlated with tumor size, histopatho-
logical grading, and lymph node metastasis. 
Ultimately, SETDB1 was proposed as an onco-
gene in BRC; high expression of SETDB1 corre-
lated with shorter relapse-free survival, and 
overall worse survival [61]. 

A 2016 study identified interaction between 
ΔNp63α (the amino-deleted form of p63 and a 
potent oncogene in head and neck squamous 
cell carcinomas) and SETDB1 in H1299 and 
MCF-7 cells. A reciprocal regulatory relationship 
was identified in which silencing of SETDB1 led 
to a marked reduction in p63, while p63 silenc-
ing reduced SETDB1 expression, albeit to a 
lesser degree. Regarding the effect of this 
interaction, 30 genes were identified to be 
repressed by ΔNp63α in a SETDB1-dependent 
manner, which may in part explain oncogenic 
effects of ΔNp63α in BRC [62].

Lung cancer

In a 2014 study, Rodriguez-Paredes et al. 
observed over four-fold changes in SETDB1 
copy number in two non-small cell lung cancer 
(NSCLC) cell lines, NCI-H1437 and NCI-H1395. 
Similar overexpression was also seen in a small 
cell lung cancer line, DMS-273. Further investi-
gation showed that depletion of SETDB1 ex- 
pression hindered cancer growth in vitro and in 
vivo. Specifically, SETDB1 shRNA-transfected 
DMS-273 and NCI-H1437 cells had lower 
tumorigenicity in nude mice compared with 
scramble shRNA-transfected cells, which rap-
idly formed tumors. Using a matrigel invasion 
assay, SETDB1 overexpression was shown to 
increase tumor invasiveness [63]. 

Of all cases of lung cancer, NSCLC accounts for 
approximately 80-85% of them, presenting a 
critical need to understand NSCLC specifically 
[64]. In 2018, Chen et al. observed that miR-
29s targeted SETDB1; when miR-29 was ectop-
ically expressed, a reduction in SETDB1 mRNA 
and protein followed. TP53 upregulated miR-29 
expression, leading to the hypothesis that p53 
acts through mir-29 to negatively regulate 
SETDB1 level. The following year, Cruz-Tapias et 
al. analyzed 1140 NSCLC cases, finding that 
SETDB1 was overexpressed in NSCLC tissues 
compared to normal lung tissues. Subgroup 
analyses showed that SETDB1 mRNA was 
increased in both adenocarcinoma (ADC) and 
squamous cell carcinoma (SCC) NSCLC sub-
types, suggesting that global overexpression of 
SETDB1 mRNA is likely a hallmark of NSCLC. 
Interestingly, SETDB1 was elevated in NSCLC 
patients who were current or former smokers, 
compared to NSCLC patients who were non-
smokers. Analysis of NSCLC microarray datas-
ets that contained pathological characteristics 
of NSCLC patients provided evidence that the 
overexpression of SETDB1 is not reliant on 
patient age nor gender. Furthermore, there was 
no statistical evidence of an association 
between clinical stages of the carcinogenic pro-
cess and expression levels of SETDB1 [65]. 
However, findings from a 2015 paper reported 
that SETDB1 amplification in ADC was associ-
ated with an advanced cancer stage [66]. The 
culmination of these findings provides a basis 
for future studies to evaluate SETDB1 as both a 
diagnostic marker and a therapeutic target in 
human lung tumorigenesis.
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In a 2020 study conducted by Kang & Min, a 
genome and transcriptomic analysis was per-
formed in ADC and SCC subtypes of lung can-
cer samples acquired from the TCGA data set. 
ADC samples were determined to have higher 
SETDB1 gene copy numbers relative to SCCs. 
SETDB1 expression was also correlated with 
the gene copy number in both subtypes. 
Comparing samples with high levels of SETDB1 
to samples with low levels of SETDB1 in ADC 
and SCC revealed distinct gene signatures and 
markers specific for each individual subtype. 
Specifically, pathways related to immune 
responses and EMT processes were largely 
diminished in high level SETDB1 populations 
among both subtypes. Conversely, RNA inter-
ference genes, chromatin-modifying genes, 
DNA methyltransferase genes, histone lysine 
methylation-related genes, and genes involved 
in the G2M and DNA replication checkpoints 
were present at higher levels in SETDB1 high 
groups. CpG methylation levels were signifi-
cantly decreased in SETDB1 high samples in 
ADCs, while the reverse was observed in SCCs. 
Within differentially expressed CpG methyla-
tion sites between high and low SETDB1 
groups, lower methylation levels were observed 
in high SETDB1 ADCs compared to SCCs [67]. 
Further genome-wide methylation analysis is 
needed to explain this inverse correlation 
between DNMT expression and DNA methyla-
tion level in ADCs. 

Prostate cancer

Hormonal therapy can be extremely effective in 
prostate cancer (PCa); however, many PCa 
become hormone-refractory and metastatic 
[68], demonstrating the need to elucidate 
causes of PCa. In a 2014 study, SETDB1 over-
expression was seen in 19 of the 25 PCa tis-
sues studied. siRNA was used to downregulate 
SETDB1 in PCa cells; SETDB1 depletion result-
ed in marked reductions in cell proliferation 
compared to control cells. In an in vitro scratch 
assay, SETDB1-depleted cells had lower migra-
tory ability in comparison with the control cells. 
Matrigel invasion assays showed that siRNA-
SETDB1 transfected cells were 1) less able to 
digest the Matrigel and penetrate through the 
transwell polycarbonate filter and 2) decreased 
in invasiveness. Data also suggested that 
silencing of SETDB1 induces cell cycle arrest in 
22RV1 cells; flow cytometric analysis showed 

that siRNA-control transfection reduced the 
number of cells in S phase and increased the 
percentage of cells in G0/G1 [69]. Therefore, 
SETDB1 is a candidate oncogene in PCa and 
possesses great potential as a therapeutic 
target.

Colorectal cancer

Ho et al. found that SETDB1 protein expression 
was 82% higher in colon adenocarcinoma tis-
sues compared to paired control tissues, and 
was correlated with histological grade, TNM 
stage, T-class, N-class, and worse survival. 
Using IHC in 30 Colorectal cancer (CRC)  tis-
sues, Chen et al. found that 1) SETDB1 was 
highly expressed in CRC tissues, 2) upregula-
tion of SETDB1 promoted proliferation and 
migration in vitro and tumor growth in vivo, and 
3) over-expression of SETDB1 in CRC cells 
inhibited 5-fluorouracil-induced apoptosis. 
Furthermore, TP53 expression was significantly 
decreased in DLD1-SETDB1 cells. This led to 
the hypothesis that SETDB1 is recruited to the 
promoter of tumor suppressor TP53, which 
results in the inhibition of apoptosis. Conversely, 
knockout of SETDB1 resulted in the inhibition 
of CRC proliferation, migration, and tumor 
growth [53]. However, a study in 2018 chal-
lenged these findings, asserting that SETDB1 
expression was lower in CRC tissues (n = 207) 
compared to normal tissues [70].

Ultimately, following studies supported the orig-
inal findings of Ho et al. and Chen et al. For 
example, Yu et al. supported that SETDB1 is 
more highly expressed in CRC, is associated 
with worse outcomes, and operates through 
the STAT1-CCND1/CDK6 axis to increase CRC 
proliferation. In a ChIP-PCR assay, SETDB1 was 
observed to bind directly to the STAT1 promot-
er, leading to upregulation of STAT1. Real-time 
PCR showed that CCND1 and CDK6 were mark-
edly upregulated upon SETDB1 overexpression, 
while opposite results were observed upon 
SETDB1 knockout. Western blot using SW480 
and SW620 cells showed that STAT1, CCND1, 
CDK6, and cell colony formation ability were 
positively correlated with SETDB1 expression. 
A dual luciferase assay showed that STAT1 spe-
cifically increased CCND1 promoter activity, 
leading to the conclusion that STAT1 directly 
binds to the promoter of CCND1 and promotes 
its transcription. Dual luciferase assays con-
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firmed that SETDB1 binds directly to the pro-
moter region of STAT1, -240 bp upstream from 
the start codon, thereby regulating the STAT1-
CCND1/CDK6 axis [71]. 

A different study investigating the molecular 
mechanism in CRC found that SETDB1 hinders 
the function of five transcription factors (CDX2, 
ELF3, HNF4G, PPARG, and VDR) that convert 
stem-like CRC cells into a differentiated nor-
mal-like state. Knockdown of SETDB1 led to the 
downregulation of oncogene Myc, and the 
upregulation of four markers of differentiated 
colon epithelial cells: KRT20, FABP1, FABP2, 
and CEACAM5. Using single-cell RNA sequenc-
ing, higher expression of SETDB1 was seen in 
stem cell-like cancer cells compared to SETDB1 
levels in normal stem cells. Using CRC patient 
tissue microarrays, high SETDB1 expression 
was observed in poorly differentiated CRC cells 
that did not have typical gland-forming histolo-
gy. In patient derived organoid lines, organoids 
with depletion of SETDB1 showed higher levels 
of KRT20+ cells, a marker of differentiated 
colon cells. Ultimately, these findings suggest-
ed that depletion of SETDB1 allows for the con-
version of stem-like cells into postmitotic cells, 
overcoming the CRC oncogenic process, and 
restoring normal morphology [42].

SETDB1 knockdown was also shown to cause 
cell cycle arrest at G1 and enhance apoptosis. 
SETDB1 was found to transcriptionally silence 
p21 expression by H3K9 methylation at the 
p21 promoter. When SETDB1 was knocked 
down in BALB/c nude mice, decreases in tumor 
growth and CRC proliferation was observed 
while p21 expression was upregulated [72].

Acute myeloid leukemia

Cuellar et al. developed a loss-of-function (LOF) 
cell viability screen in the MLL-AF9 transloca-
tion-driven THP-1 AML cell line, which was 
designed to stably express Cas9. These cells 
were infected with a sgRNA pool that targeted 
350 known human epigenetic and transcrip-
tional modifiers to determine those most cru-
cial for the regulation of AML growth and malig-
nancy. Of all the individual sgRNAs targeting 
specific genes in the screen, SETDB1 sgRNAs 
decreased cell viability the most, and SETDB1 
sgRNAs had the highest overall fold change. 
Further study revealed that SETDB1 knock-
down led to reduced protein levels, loss of via-

bility, and induction of apoptosis markers in 
THP-1 cells. Similar findings of reduced cell 
growth were also seen in MOLM-13, ML-2, 
HL-60, OCI-AML-3, and MV-4-11 cells after 
treatment with SETDB1-specific sgRNAs. 
However, UKE-1 and EOL-1 cell lines were insen-
sitive [73].

Cuellar et al. made SETDB1 mutant THP-1 lines 
with two SETDB1-specific sgRNAs for compari-
son against a non-targeted control (NTC) 
sgRNA-treated line. Using RNA-seq, robust acti-
vation of interferon (IFN)-stimulated genes 
(ISGs) was observed in SETDB1 mutant cells. 
Furthermore, type I IFN signaling genes (IFN-β, 
IFIT1-3, RIG-I/DDX58, OAS3, and MDA5) and 
antiviral response genes were the most upreg-
ulated pathways, while viral transcription and 
gene expression genes were the greatest 
downregulated genes. Therefore, whether 
directly and/or indirectly, SETDB1 likely 
represses type I IFN induction.

Upregulated expression of endogenous retrovi-
ruses (ERVs) has been observed following dele-
tion of SETDB1 in embryonic stem cells (ESCs) 
and B cells [49, 73-76]. Using RNA-seq, Cuellar 
et al. observed upregulation of ERV3-1 in the 
SETDB1 mutant THP-1 cells and three other 
AML cell lines that were treated with SETDB1-
specific sgRNAs or shRNAs. Furthermore, the 
RNA-seq data was used to align repeat masked 
reads and revealed long interspersed nuclear 
elements (LINEs) and satellite repeats that 
were frequently upregulated in SETDB1 sgRNA-
treated cells, but not in the NTC cells. These 
findings suggested that, in AML cells, SETDB1 
plays a pivotal role in the repression of ret-
rotransposable elements.

CRISPR was used to knock out cytosolic RNA 
sensors of innate immunity (IFIH1/MDA5, 
DDX58/RIG-I, and MAVS), then SETDB1, MDA5, 
MAVS, and RIG-I were disrupted. These cyto-
solic sensors were shown to contribute to IFIT2 
induction. Therefore, cell death induced by the 
disruption of SETDB1 was shown to be depen-
dent on viral sensing machinery. Considering 
that the desilencing of TEs is concurrent with 
IFN-induced apoptosis, SETDB1 was proposed 
to suppress innate immunity by limiting levels 
of TE expression in AML cells. In the absence of 
SETDB1, a cytosolic nucleic acid-sensing cas-
cade and IFN-mediated cell death is induced 
[73].
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The following year, Ropa et al. found that 
SETDB1 plays a role in regulating the growth of 
MLL-fusion driven AML cells. Specifically, 
SETDB1 was identified to directly bind to the 
Polymerase Associated Factor 1 Complex 
(PAF1c) subunit CDC73, whose interaction is 
stabilized by mutant CDC73. This interaction 
promoted H3K9 methylation at PAF1c target 
genes (Hoxa9 and Meis1) promoter sites 
responsible for AML cell growth and leukemo-
genesis. SETDB1-mediated H3K9 methylation 
resulted in transcriptional silencing of Hoxa9 
and Meis1 and reduced cell growth. In human 
AML samples, SETDB1 expression was corre-
lated greatly with Meis1 expression. Albeit to a 
lesser degree, the same trend was observed 
for Hoxa9 [77]. 

In 2020, Ropa et al. contrasted the 2017 find-
ings of Cuellar et al., proposing that SETDB1 
may suppress AML by making repressive 
changes to the promoter epigenome of pro-leu-
kemic target genes (Dock1, Hoxa9, Six1, and 
others). SETDB1 overexpression in MLL-AF9 
and E2A-HLF fusion driven AML cells resulted 
in reduced colony formation and proliferation, 
while differentiation and apoptosis increased. 
Decreased leukemic progression was also seen 
in primary mouse MLL-AF9 AML transplants  
in mice with SETDB1 overexpression [78]. 
Therefore, SETDB1 can both repress and pro-
mote AML proliferation. These contradicting 
findings may suggest that a narrow expression 
level of SETDB1 is required for the survival of 
AML cells. 

Glioma

Han et al. used IHC and real-time PCR to assess 
40 GBM tissues and 40 adjacent healthy tis-
sues; SETDB1 was elevated in tumor samples 
in comparison with the surrounding control tis-
sue. Furthermore, in U87 and U251 cells, 
increased SETDB1 expression caused 1) 
increased proliferation and clone formation 
and 2) a reduction in the levels of the cleaved 
(active) form of caspase-8 and caspase-3. 
Silencing of SETDB1 resulted in the opposite 
results [79]. These findings were consistent 
with a similar study in 2014, where IHC of 
grades II, III, and IV gliomas showed increased 
expression of SETDB1 in comparison with nor-
mal brain tissue. Specifically, SETDB1 expres-
sion was positively correlated with glioma histo-
logical grade [80].

Ectopic expression of SETDB1 via injection of 
U251-EV and U251-SETDB1 in nude mice 
resulted in tumor growth. Accordingly, Ki-67 
assays revealed increased cell proliferation in 
U251-SETDB1 xenografts. SETDB1 knockdown 
resulted in decreased tumor size and showed 
decreased cell proliferation according to Ki-67 
staining. In U87 and U251 cells that were sub-
jected to SETDB1 upregulation, Western blot-
ting revealed upregulation of mesenchymal 
markers (Slug and Vimentin) while the epithe- 
lial marker, E-cadherin, was downregulated. 
Opposite results were seen in the same cell 
lines where SETDB1 was silenced. Therefore, 
SETDB1 was shown to regulate migration, inva-
sion, and EMT in GBM cells [79]. 

Colony-stimulating factor 1 (CSF-1) is a cyto-
kine that has been associated with tumor-asso-
ciated macrophage (TAM) infiltration and the 
progression of endometrial cancer [81]. When 
Han et al. overexpressed SETDB1 in U87 and 
U251 cells, higher levels of CSF-1 mRNA and 
proteins were observed. Furthermore, ELISA 
assays revealed that SETDB1 promoted CSF-1 
secretion, while knockdown of SETDB1 sup-
pressed the secretion of the cytokine. The AKT/
mTOR signaling pathway was implicated as the 
underlying pathway behind CSF-1 secretion. 
Specifically, when SETDB1 was overexpressed, 
AKT and mTOR phosphorylation increased. AKT 
knockdown via siRNA attenuated the SETDB1-
mediated increase of CSF-1. Western blotting 
using xenograft tumor tissue revealed that 
SETDB1 knockdown markedly reduced AKT 
activation and CSF-1 protein expression. 
Contrastingly, SETDB1 overexpression promot-
ed AKT activation and elevated protein levels of 
CSF-1.

An in vitro migration assay revealed that that 
conditioned media (CM) from glioblastoma 
cells overexpressing SETDB1 1) promoted the 
recruitment of macrophages and 2) caused 
elevated expression of CD163, an M2 macro-
phage marker, in comparison with control CM. 
When a CSF-1 antagonist was present, recruit-
ment of macrophages was inhibited, leading to 
the conclusion that macrophage migration is 
mediated by SETDB1 via the induction of CSF-
1. Furthermore, the cytokine mRNAs and pro-
teins that are representative of TAMs (IL-10, 
CCL17, and CCL22) were elevated in TAMs that 
were incubated with CM from GBM cells overex-
pressing SETDB1. M1-related genes (IL-12, 



SETDB1 in cancer

1817	 Am J Cancer Res 2021;11(5):1803-1827

IL-23, and CXCL10) were not observed to be 
affected. Ultimately, these findings proposed 
that SETDB1 and CSF-1 may contribute to mac-
rophage entry and differentiation [79]. 

Clodronate-liposome treatment has been 
shown to deplete mature macrophages in a 
wide range of malignancies, including multiple 
myeloma and ovarian cancer [82, 83]. To con-
firm that SETDB1 promotes oncogenic activity 
in a TAM-dependent manner, liposomal clodro-
nate treatment was administered in a synge-
neic mouse model, resulting in the suppression 
of macrophage infiltration. Tumor burden 
induced by SETDB1 overexpression in the mice 
was attenuated by clodronate liposomes, sug-
gesting that macrophage infiltration of the 
tumor microenvironment mediate SETDB1’s 
tumor-promoting effects [79]. Ultimately, in 
patients with SETDB1-overexpressing tumors, 
CSF-1 and/or its receptor may be a promising 
target.

Melanoma

Although melanoma only accounts for approxi-
mately 1% of all skin cancer cases, melanoma 
results in the majority of skin cancer-related 
deaths. Furthermore, the overall rates of mela-
noma have been rapidly rising over recent 
decades [84], illustrating a need for efficient 
and effective interventions. SETDB1 was first 
established as an oncogene in melanoma in 
2011. Ceol et al. demonstrated that melano-
mas overexpressing SETDB1 were 1) more 
aggressive than control tumors, 2) more locally 
invasive, and 3) had more extensive nuclear 
pleomorphism and larger nuclei. Microarray 
analysis of zebrafish melanomas revealed that 
SETDB1 overexpression led to a broad pattern 
of transcriptional changes, including conserved 
downregulation of a group of genes enriched 
for Hox genes and transcriptional regulators 
[85]. A later study investigating the underlying 
mechanism(s) behind these findings proposed 
that SETDB1 implements its oncogenic func-
tions via regulation of thrombospondin 1 
(THBS1). Specifically, in transcriptome analy-
ses, a loss of H3K4me1 peaks in the THBS1 
promoter and gene body regions of SETDB1-
overexpressing cells was seen. On the other 
hand, silencing of SETDB1 led to the gain of 
H3K4me1 peaks in THBS1 regulatory regions. 
ChIP-qPCR validated these findings, leading to 

the hypothesis that a SETDB1-THBS1 regulato-
ry axis exists. Indeed, IHC using the tumor 
secretions of NOD SCID mice injected with mel-
anoma cells overexpressing SETDB1 revealed 
that SETDB1 and THBS1 were positively corre-
lated in metastases and tumors; THBS1 and 
global H3K9me3 abundance were directly cor-
related. These findings highlight the impor-
tance of the chromatin state for THBS1 expres-
sion and pose the hypothesis that SETDB1 may 
be exerting its effects via regulation of THBS1 
[86]. A 2020 study using a transgenic zebrafish 
model found that SETDB1 and Heparin Binding 
Growth Factor (HDGF), a gene also on chromo-
some 1q, were frequently co-altered. Their co-
alteration resulted in disease progression and 
overall worse patient prognoses [87].

Pancreatic ductal adenocarcinoma

In 2020, Ogawa et al. [54] observed overex-
pression of SETDB1 in acinar-to-ductal meta-
plasia (ADM), pancreatic intraepithelial neopla-
sia (PanIN), and PDAC. Ptf1aCre; KrasG12D is a 
well-established mouse model of PDAC. 
PtF1aCre; SETDB1f/f mice were generated to 
assess if SETDB1 was required for the mainte-
nance and development of the pancreas. Since 
no pancreatic abnormalities were observed in 
the PtF1aCre; SETDB1f/f mice, it was concluded 
that SETDB1 was dispensable for the develop-
ment of the pancreas. However, in response to 
cerulein-induced acute pancreatitis, PtF1aCre; 
SETDB1f/f mice experienced major pancreatic 
atrophy and a significant reduction in pancreas 
to body weight ratio, compared to controls. 
Furthermore, seven days post-cerulein treat-
ment, control mice had nearly fully recovered 
whereas mice with the pancreatic SETDB1 
deletion experienced prolonged pancreatitis. 
Therefore, SETDB1 was deemed indispensable 
for exocrine pancreatic regeneration. Im- 
munostaining for cleaved caspase 3 revealed 
elevated levels of apoptotic cells in PtF1aCre; 
SETDB1f/f mice compared to controls. However, 
immunostaining for Ki67 showed no differenc-
es in cell proliferation between the two groups. 

Ogawa et al. next investigated the impact of a 
SETDB1 deletion in the context of oncogenic 
Kras activation. Ptf1aCre; KrasG12D; Setdb1f/f 
(KCS) mice were generated and compared to 
Ptf1aCre; KrasG12D (KC) control mice. The SETDB1 
deletion was found to (1) accelerate the forma-
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tion of ADM/PanIN and 2) promote pancrea- 
tic atrophy with increased apoptosis. Fur- 
thermore, SETDB1 deletion was also observed 
to increase apoptosis and elevate p53 expres-
sion; microarray analysis of mRNA from KC and 
KCS pancreata revealed upregulation of genes 
related to apoptotic pathways (such as Tns4, 
p19, Serpina3g, Noxa, Trfrs11b, and S100a8) 
in KCS mice. qRT-PCR confirmed these results, 
and decreased expression of Bcl2 (an anti-
apoptotic gene) was also observed in KCS pan-
creata. ChIP assays using isolated acinar cells 
were used to confirm that SETDB1 bound 
directly to p53 promoter regions. 

In the context of heterozygous p53 deletion, 
SETDB1 deletion protected against PDAC for-
mation. Specifically, mice with the heterozy-
gous p53 deletion and the SETDB1 deletion 
(KPheteroCS) showed more pancreatic atrophy 
compared to control mice that only had the het-
erozygous p53 deletion (KPheteroC). Ki67 immu-
nostaining of 20 weeks old control mice 
revealed prominent cell proliferation. Con- 
trastingly, cleaved caspase 3 and p53 immu-
nostaining revealed upregulation of p53 in 
KPheteroCS mice, and an increased number of 
apoptotic cells compared to control mice. 
Ultimately, all control mice developed PDAC as 
early as 20 weeks while none of the KPheteroCS 
mice developed PDAC as old as 24 weeks. 
However, in experiments with homozygous p53 
deletion, the results of increased apoptosis 
and protection against PDAC formation were 
not observed. Therefore, the homozygous p53 
deletion offset the effects of the SETDB1 dele-
tion and suggested that the SETDB1 dele- 
tion suppresses PDAC formation by inducing 
p53-mediated apoptosis.

When SETDB1 was silenced in human PDAC 
cells that have a wild type TP53 (PK59 and 
KP4), qRT-PCR revealed elevated TP53 expres-
sion and decreased SETDB1 expression, con-
sistent with mice models. In SETDB1 silenced 
PK59 orthotopic PDAC models, 1) tumor size 
was reduced, 2) p53 was upregulated, 3) 
SETDB1 was downregulated, and 4) H3K9me3 
expression was decreased, in comparison con-
trol models. Using ChIP, lower levels of SETDB1 
and H3K9me3 binding to TP53 promoter 
regions were observed in SETDB1 silenced 
PK59 cells [54]. Therefore, in human PDAC 
cells, SETDB1 may epigenetically regulate TP53 

in part via H3K9me3. Together, these findings 
demonstrate SETDB1’s value as a therapeutic 
target in PDAC. 

Liver cancer

In a 2015 study, SETDB1 was identified as the 
greatest upregulated epigenetic regulator. 
SETDB1 overexpression was linked to hepato-
cellular carcinoma (HCC) tumorigenesis: great-
er disease progression, aggressiveness, and 
worse overall prognosis. SETDB1 knockdown 
inhibited cell migration, lung metastasis, and 
orthotopic tumorigenicity. Specificity protein 1 
(Sp1) hyperactivation was found to transcrip-
tionally increase SETDB1 expression, while 
miR-29 hyperactivation downregulated expres-
sion of SETDB1 [88].

The same year, Fei et al. assayed SETDB1 
expression in six liver cancer samples with 
adjacent normal tissue. RT-qPCR revealed that 
SETDB1 expression was elevated in four of the 
six pairs of tumor tissue, compared with control 
tissue. Exome sequencing of 84 Asian HCC tis-
sue samples returned 12 liver cancer cases 
where TP53 mutations were associated with 
SETDB1 copy number gain or overexpression. 
Four of these cases carried the R249S muta-
tion, a well known GOF TP53 hotspot mutation 
[52, 89] that has been proposed to increase 
cell migration and proliferation in lung and liver 
cancer [52, 61, 90, 91]. In HCC cell line 
HCCLM3, an endogenous R249S mutation was 
identified along with a SETDB1 copy number 
gain and high SETDB1 expression. SETDB1 
inhibition via both siRNAs or shRNAs sup-
pressed HCCLM3 cell proliferation.

Fei et al. found that knockdown of SETDB1 in 
both p53 null Hep3B cells and p53-restored 
Hep3B cells did not result in growth inhibition. 
This data suggested that wild-type p53 does 
not dictate SETDB1 dependence in liver cancer. 
However, expression of p53R249S in p53 null 
Hep3B cells resulted in sensitivity to SETDB1 
knockdown. Wild-type p53 control cells and the 
p53R249S-restored Hep3B cells were treated 
with doxorubicin to induce DNA damage; only 
the p53R249S-expressing cells were inhibited, 
suggesting that the R249S mutation confers 
cell growth sensitivity to SETDB1 knockdown. 

Immunoprecipitation experiments revealed 
that SETDB1 can complex with both wild-type 
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p53 and mutant p53, although SETDB1 more 
strongly associates with mutant p53. To assess 
if SETDB1 methylates p53, p53 peptide was 
used as a substrate and SAM was used as the 
methyl donor for SETDB1. Only small levels of 
p53 mono-methylation at K360 were detected, 
however, substantial K370me2 was detected 
when synthetic K370me1 peptide was used  
as the substrate. Endogenous experiments 
showed that knockdown of SETDB1 resulted in 
lower K370me2 levels in HCCLM3 cells. 
Furthermore, SETDB1 was found to methylate 
both mutant and wildtype p53, however, 
mutant p53 was methylated at higher levels. 
Importantly, SETDB1’s SET domain was found 
to be essential for p53K370 methylation; SET 
domain-truncated SETDB1 did not affect p53 
methylation. These findings suggest that 
SETDB1 is likely a p53 methyltransferase that 
aids in the methylation of K370me1, resulting 
in K370me2 [52].  

To assess SETDB1’s ability to regulate protein 
stability of p53 in liver cancer, HCT116 p53-null 
cells were introduced to wild type or mutated 
p53, then treated with cycloheximide (a protein 
synthesis inhibitor). Wild type p53 rapidly dis-
appeared, while R249S mutant p53 displayed 
greater stability. When SETDB1 was knocked 
down, p53R249S turned over at an accelerated 
rate. Furthermore, inhibition of SETDB1 re- 
duced S15 phosphorylation of p53, which has 
been shown to stabilize p53 by preventing it 
from ubiquitination [52, 92]. SETDB1 knock-
down increased p53 protein ubiquitination and 
increased the association of MDM2 with p53. 
Therefore, SETDB1 may confer stability of GOF 
p53 mutants via the dimethylation of K370, 
resulting in enhanced oncogenic activity of GOF 
mutant p53. Using a HCCLM3 xenograft model 
in nude mice, the authors also demonstrated 
that SETDB1 knockdown by shRNA inhibited in 
vivo tumor growth and increased cell differen-
tiation, without significant reductions in mouse 
body weight [52]. 

Zhang et al. built on the findings of Wong et al. 
and Fei et al., adding that oncogenic effects of 
SETDB1 overexpression could be reversed by 
T-Cell Lymphoma Invasion and Metastasis 1 
(Tiam1) knockdown. Specifically, knockdown of 
Tiam1 decreased SETDB1-mediated colony for-
mation. SETDB1 and Tiam1 were observed to 
be positively correlated and more highly 
expressed in HCC tissues [93].  

Endometrial cancer

SETDB1 has not been well studied in EC. 
However, proteogenomic characterization of EC 
identified anticorrelation between SETDB1 pro-
tein levels and tumor suppressor CDKN1A/p21 
RNA levels. Furthermore, a strong negative cor-
relation between SETDB1 and tumor necrosis 
factor receptor superfamily member 10B 
(TNFRSF10B), an apoptotic protein, was also 
identified. Dou et al. also observed that genes 
mapping to chromosome 1q exhibited strong 
negative correlations with the activity of the 
p53 pathway in EC. Strikingly, when ranking 
genes on chromosome 1q by their anticorrela-
tion between protein level and p53 activity, 
SETDB1 was the strongest candidate [94]. 
These findings provide a strong rationale for 
the future study of SETDB1 in EC.

Nasopharyngeal cancer

A 2018 study proposed SETDB1 as an indepen-
dent prognostic factor for NPC. Specifically, 
Huang et al. found that SETDB1 was amplified 
in 126 of the 152 NPC patient samples stud-
ied, its overexpression was linked to worse sur-
vival of NPC patients. Overexpression of 
SETDB1 led to enhanced proliferation, migra-
tion, and invasion ability of NPC cells, thereby 
promoting NPC tumorigenesis [95]. Never- 
theless, mechanisms and genes involved in 
this process remain to be studied. 

Gastric cancer

Although SETDB1 has not been extensively 
studied in GC, a 2020 study proposed SETDB1 
as a potential oncogene in GC [96]. Specifically, 
Shang et al. observed that SETDB1 overexpres-
sion promoted GC tumorigenesis in vitro and in 
vivo and was correlated with poor prognosis. 
Knockdown of SETDB1 had the opposite 
effects, and CCND1 and MMP9 expression 
decreased. Further study revealed that ERG 
(ETS transcription factor) enhanced transcrip-
tion of CCND1 and MMP9 by acting as an 
upstream modulator. ChIP and luciferase 
reporter assays suggested a potential mecha-
nism explaining these findings; SETDB1 was 
found to interact with ERG and accumulate at 
promoter regions of CCND1 and MMP9. These 
findings led to the conclusion that SETDB1 
enhances transcription of oncogenes CCND1 
and MMP9, in an ERG-dependent manner.
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One potential mechanism underlying SETDB1 
overexpression in GC involves Transcription 
Factor 4 (TCF4), an important factor involved in 
Wnt signaling. TCF4 was proposed to bind a 
classical TCF4 binding motif on the promoter of 
SETDB1; this hypothesis was supported by 
ChIP assays. TCF4 depletion resulted in de- 
creased expression of SETDB1 at the level of 
transcription and translation. Furthermore, 
infection with H. pylori was found to upregulate 
SETDB1 expression in a TCF4-dependent man-
ner [96].

Regulating and targeting SETDB1

Mechanisms regulating SETDB1 expression 
have been mainly linked to transcriptional and 
post-transcriptional regulation. Transcription 
factors that target the SETDB1 promoter site, 
such as SP1, SP3, TCF4, and c-Myc, have been 
studied so far to be key factors responsible for 
the transcriptional regulation of SETDB1. This 
information has already been summarized in 
previous sections. In all cases, they have been 
shown to induce SETDB1 expression upon pro-
moter binding. Additionally, post-transcriptional 
regulation, such as microRNA targeting of 
SETDB1 RNA transcripts, has also been widely 
acknowledged. Specifically, microRNAs such as 
miRNA-621, 381-3p, and 29 have been report-
ed as negative regulators of SETDB1. A 2019 
study in HCC revealed that miR-621 expression 
was lower in HCC tissues and lower expression 
was correlated with worse survival. Furthermore, 
in an independent set of 50 HCC tissues and 
also in a TCGA dataset of 367 HCC tissues, a 
negative correlation was observed between 
SETDB1 and miR-621. Strikingly, upregulation 
of miR-621 led to reduced expression of 
SETDB1 mRNA and protein. A dual luciferase 
assay confirmed that miR-621 directly targets 
SETDB1. Following transfection with miR-621, 
decreased survival fraction, increased apopto-
sis, and an increase of γ-H2AX (an indicator of 
cell response to DNA damage) was observed, 
ultimately suggesting that miR-621 could serve 
as a tumor radiosensitizer in HCC. The underly-
ing mechanism behind the increased radiosen-
sitivity was proposed to be via activation of the 
p53 pathway and subsequent repression of 
SETDB1. Overexpression of miR-621 activated 
the p53 pathway and upregulated the expres-
sion of p53 pathway effectors (p21, PUMA, and 

Gadd45). Contrastingly, SETDB1 inhibited the 
effects of miR-621 [97]. 

One proposed mechanism by which SETDB1 
regulates tumor growth in BRC involves miR-
381-3p, a miRNA that was previously confirmed 
to contribute to BRC development and progres-
sion [58, 98]. A luciferase reporter assay 
revealed that the 3’-UTR on SETDB1 that is  
partially complementary to miR-381-3p was 
reduced by miR-381-3p overexpression and 
enhanced by miR-381-3p depletion. This find-
ing led to the hypothesis that miR-381-3p 
directly targets SETDB1 [58].

Although there is no specific SETDB1 inhibitor 
available currently, some studies have attempt-
ed to target SETDB1 using general histone 
lysine methyltransferase inhibitors such as 
mithramycin A, 3’-deazaneplanocin A (DZNep), 
paclitaxel, and microRNAs miR-621 and 
miR-381-3p. 

Mithramycin is a guanosine-cytosine-rich DNA 
binding antitumor antibiotic approved for clini-
cal use. It binds to DNA’s minor groove, thereby 
displacing transcriptional activators that bind 
to GC-rich binding sites [99]. A 2006 study 
demonstrated that in Huntington’s disease, 
mithramycin interfered with specificity proteins 
Sp1 and Sp3, which serve as transcriptional 
activators of SETDB1. Combination treatment 
of mithramycin and cystamine resulted in 
downregulation of SETDB1 gene expression 
and the reduction of hyper-trimethylation of his-
tone H3K9 [100]. Similar findings were 
observed in a 2014 study investigating SETDB1 
in human lung tumorigenesis. Higher gene dos-
age of SETDB1 correlated with greater sensitiv-
ity to mithramycin, resulting in greater mithra-
mycin-mediated growth inhibition. Specifically, 
mithramycin was able to inhibit SETDB1 in 
three lung cancer cell lines, DMS-273, NCI-
H1437, and NCI-H1395, in a dose-dependent 
manner [63]. However, targeting Sp1 by block-
ing its ability to bind to the DNA may lead to 
off-target effects if important transcription fac-
tors are also unable to bind [101]. A 2020 study 
in melanoma found that Mithramycin A and  
its analog, Mithralog EC-8042, 1) reduced 
SETDB1 expression in melanoma cells, 2) 
induced transcriptomic, morphological, and 
functional changes, and 3) improved efficacy of 
MAPK inhibitor treatment.
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DZNep is an epigenetic anticancer drug that is 
a cyclopentanyl analog of 3-deazaadenosine 
and serves as a SAM inhibitor that alters the 
genomic and epigenetic landscape. In addition 
to targeting degradation of EZH2 and H3K- 
27me3 HMTase, DZNep was also identified to 
downregulate expression of SETDB1 in human 
lung cancer. Furthermore, DZNep was observed 
to inhibit many repressive chromatin markers 
and induce cell death. These findings led to  
the hypothesis that DZNep targets multiple 
HMTases during the death of lung cancer cells 
[102]. Karanth et al. suspect that DZNep regu-
lates SETDB1 at the level of transcription, and 
treatment with DZNep likely leads to the forma-
tion of a repressive complex that binds to the 
SETDB1 promoter [103].  

Paclitaxel (PTX) is a taxane that has been 
extensively used as a chemotherapy medica-
tion in a variety of cancers due to its ability to 
regulate death-related genes and induce tubu-
lin stability. In lung cancer cells, Noh et al. 
observed that PTX could induce cell death via 
G2/M arrest and induce p53 expression, which 
led to the downregulation of SETDB1 expres-
sion [104].

A 2016 study revealed that during anticancer 
drug therapy, SETDB1 mediates the expression 
of FosB. Specifically, treatment with doxorubi-
cin, taxol, and siSETDB1 led to downregulation 
of SETDB1 but enhanced expression of FosB, 
which was correlated with an enhanced rate of 
cancer proliferation. Therefore, this relation-
ship may in part explain why cancers continue 
to proliferate during anticancer drug treatment 
[105]. A later study in NSCLC revealed that inhi-
bition of MEK activated ERK2 during doxorubi-
cin treatment, thereby inhibiting SETDB1 from 
regulating the FosB promoter [106].

Perspectives and new challenges for SETDB1

Thus far, great progress has been achieved to 
elucidate underlying mechanisms of SETDB1 
regulation and its functional implications in dif-
ferent cancers. Functioning as a key H3K9 
methyltransferase, SETDB1 has been estab-
lished to be an important regulator of a variety 
of pathways responsible for cell proliferation, 
cell cycle progression, migration, survival, and 
apoptosis. SETDB1 upregulation in a wide vari-
ety of cancers was almost always (with the 
exception in AML) associated with enhanced 

tumorigenesis, cell growth, and decreased 
apoptosis, leading to poor patient outcomes in 
cancer. Particularly, SETDB1 promotes this 
through promoter H3K9 methylation and sup-
pression of many important tumor suppressors 
such as p53 and p21. Aside from its main func-
tion as a histone H3K9 methyltransferase, 
SETDB1 contributes greatly to the methylation 
of different proteins, such as p53 and Akt, 
exerting its oncogenic effect through their sta-
bility and activation respectively. As SETDB1 
overexpression and its oncogenic role is evi-
dent in a variety of cancers, targeting SETDB1 
remains to be an important path forward. 
Currently, multiple groups listed in the 2021 
NIH RePORTER are focusing on characterizing 
SETDB1 functions in the context of tissue 
regeneration and breast cancer. Specifically, 
the Chen group from the University of Texas 
seeks to understand the role of SETDB1 in 
intestinal stem cell (ISCs) self-renewal capacity, 
tissue regeneration, and homeostasis. Addi- 
tionally, the Wei group from the Harvard Medical 
Center is eager to explore the connection 
between aberrant SETDB1 expression and 
hyperactivated PI3K/Akt/mTOR signaling in 
breast cancer, as an effort to develop new ther-
apeutics. As outlined in the previous section, 
designing a specific SETDB1 inhibitor is a chal-
lenge that remains to be unmet; off-target 
effects and resistance can occur when using 
non-specific inhibitors. However, several other 
challenges exist for future studies involving 
SETDB1. Despite SETDB1 being an attractive 
therapeutic target, there are a lack of well-doc-
umented findings on what underlying mecha-
nisms cause SETDB1 amplification, overex-
pression, and activity. As these gaps in knowl-
edge become better understood, a clearer 
insight into SETDB1’s role and function in can-
cer can be achieved and would contribute 
toward better survival rates for patients in a 
multitude of cancers. 
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