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HAUSP (herpes virus-associated ubiquitin-specific protease), also known as Ubiquitin Specific Protease 7, plays

critical roles in cellular processes, such as chromatin biology and epigenetics, through the regulation of different

signaling pathways. HAUSP is a main partner of the “Epigenetic Code Replication Machinery,” ECREM, a large

protein complex that includes several epigenetic players, such as the ubiquitin-like containing plant homeodomain

(PHD) and an interesting new gene (RING), finger domains 1 (UHRF1), as well as DNA methyltransferase 1

(DNMT1), histone deacetylase 1 (HDAC1), histone methyltransferase G9a, and histone acetyltransferase TIP60.

Due to its deubiquitinase activity and its ability to team up through direct interactions with several epigenetic

regulators, mainly UHRF1, DNMT1, TIP60, the histone lysine methyltransferase EZH2, and the lysine-specific

histone demethylase LSD1, HAUSP positions itself at the top of the regulatory hierarchies involved in epigenetic

silencing of tumor suppressor genes in cancer. 

HAUSP  UHRF1  epigenetic  cancer

1. Introduction

Ubiquitination, the addition of a small protein called ubiquitin (76 amino acids) to other target proteins is a post-

translational protein modification that controls almost all processes in the cell and leads to different outcomes,

ranging from proteasomal protein degradation and cellular trafficking to cell proliferation, apoptosis, autophagy,

DNA repair, and epigenetic modulation of gene expression . Ubiquitination results from a successful

collaboration between multienzyme cascades that involve E1 activating enzymes, E2 conjugating enzymes, and E3

ubiquitin ligases .

Deubiquitinases, or deubiquitinating enzymes (DUBs), are enzymes that protect many proteins from ubiquitination

and are active in various pathologies, including cancer . One of the well-documented cancer-associated

DUBs is HAUSP (herpes virus-associated ubiquitin-specific protease), also known as Ubiquitin Specific Protease 7

(USP7), an enzyme that is overexpressed in many solid and blood malignancies . The structure of

HAUSP includes seven domains: the N-terminal TRAF-like (Tumor necrosis factor Receptor–Associated Factor)

domain, the intermediate catalytic core domain, and UBL1, 2, 3, 4, and 5 (C-terminal ubiquitin-like domains) 

(Figure 1). Through its deubiquitinase activity, HAUSP has been reported to control the activity of several

oncogenic transcription factors, including NOTCH1 in T-cell acute lymphoblastic leukemia , N-Myc in

neuroblastoma , β-catenin in colorectal cancer , and NEK2 in multiple myeloma , indicating that HAUSP

has an oncogenic role in cancer. In several tumors, HAUSP was shown to bind to and deubiquitinate the E3
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ubiquitin ligases, MDM2  and MDMX , which are known negative regulators of the tumor suppressor

gene p53 . Blocking the deubiquitination function of HAUSP enabled the ubiquitination and proteasomal

degradation of both MDM2 and MDMX, which subsequently stabilized and restored p53 protein levels to induce

cell death .

Figure 1. Schematic representation of the domain structure of HAUSP (herpes virus-associated ubiquitin-specific

protease). The structure of HAUSP includes seven domains, N-terminal TRAF-like (Tumor necrosis factor

Receptor–Associated Factor) domain, intermediate catalytic core and five consecutive C-terminal ubiquitin-like

domains (Ubiquitin-like domains), UBL1-5. The N-terminal TRAF-like domain and the five UBL domains are sites

for the binding of HAUSP to many proteins. Through the catalytic core domain, HAUSP binds ubiquitin and cleave

the is peptide bond between ubiquitin and HAUSP substrate .

HAUSP, via its different domains, interacts with several proteins implicated in coordinating various signaling

pathways. HAUSP is found in many protein complexes with different functions, including the “Epigenetic Code

Replication Machinery,” ECREM. Indeed, HAUSP is a main partner of ECREM, a large macromolecular complex

that includes several epigenetic players, such as the ubiquitin-like containing plant homeodomain (PHD) and an

interesting new gene (RING) finger domains 1 (UHRF1), as well as DNA methyltransferase 1 (DNMT1), histone

deacetylase 1 (HDAC1), histone methyltransferase G9a, and histone acetyltransferase TIP60 .

Growing evidence indicates that the silencing of tumor suppressor genes (TSGs) in tumors is the result of a

coordinated in-depth dialogue between DNA methylation and various histone post-translational modifications

(PTMs) .

Several reports have shown that a faithful inheritance of the epigenetic patterns (DNA methylation and histone

PTMs) during cell division involves temporal and spatial control of the chromatin effector proteins mainly UHRF1

and DNMT1, which govern various epigenetic events . Understanding the major factors

regulating the expression and activity of chromatin effector proteins UHRF1 and DNMT1 could therefore unlock

new secrets regarding the transmission of epigenetic patterns during cell division. HAUSP positions itself at the top

of the regulatory hierarchies involved in the epigenetic silencing of TSGs in cancer due to its deubiquitinase activity

and ability to team up through direct interactions with several epigenetic players (Table 1) mainly the epigenetic

reader UHRF1 ; DNMT1 ; the histone acetyltransferases TIP60  and CBP (CREB binding protein)

; the histone lysine methyltransferases EZH2 (Enhancer of Zeste 2)  and MLL5 (Mixed-lineage leukemia 5)
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, and the lysine specific histone demethylases LSD1 (Lysine-specific demethylase 1)  and PHF8 (PHD

finger protein 8)  (Figure 2).

Figure 2. Schematic representation of interactions of HAUSP domains with various epigenetic players. HAUSP via

its TRAF-like domain interacts with the ubiquitin-like containing plant homeodomain (PHD) and an interesting new

gene (RING) finger domains 1 (UHRF1) , histone acetyltransferase TIP60 , the histone lysine

methyltransferase MLL5 (Mixed-lineage leukemia 5)  and the lysine specific histone demethylase PHF8 (PHD

finger protein 8) . HAUSP through the C-terminal region which covers its five UBL domains can interact also with

UHRF1 , histone acetyltransferase CBP (CREB binding protein) , histone methyltransferase EZH2  and

DNA methyltransferase 1 (DNMT1) . HAUSP can also bind to LSD1 but the interaction site is not yet known .

Table 1. Role of HAUSP in the regulation of epigenetic players and related events.
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2. Role of HAUSP in the Maintenance of DNA Methylation

2.1. HAUSP-Dependent Regulation of DNMT1 by Ubiquitination

The deubiquitinase activity of HAUSP regulates the stability and enzymatic activity of DNMT1 through several

mechanisms. HAUSP can bind to DNMT1 and stabilize it through HAUSP-mediated deubiquitination . High

expression levels of DNMT1 protein have been found in human colon cancers, and this overexpression was

correlated with HAUSP protein expression. Interestingly, the depletion of HAUSP in both human embryonic kidney
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cells and colorectal cancer cells resulted in an increase in DNMT1 ubiquitination and a reduction in DNMT1 protein

expression. A similar increase in DNMT1 ubiquitination levels and a decrease in its protein expression were

reported when HAUSP was knocked out in colorectal cancer cells . By contrast, HAUSP overexpression in

HAUSP knockout cells led to deubiquitination of DNMT1 and restoration of DNMT1 protein expression, suggesting

that the deubiquitinase activity of HAUSP protects DNMT1 from proteasomal degradation, thereby promoting the

stability and enzymatic activity of DNMT1 and the maintenance of DNA methylation .

One of the well-documented epigenetic regulators of the DNA methylation maintenance machinery is the

epigenetic reader UHRF1, which has multiple functional domains . Through its SRA domain, UHRF1

recognizes and binds hemi-methylated CpG islands, and via the same SRA domain, UHRF1 recruits DNMT1 to its

correct position on chromatin to ensure faithful transmission of DNA methylation patterns during DNA replication 

.

HAUSP binds to UHRF1 by its TRAF domain, but it also binds via its UBL domain (residues 560–664) to a linker

region encompassing amino acids 600–687 between the SRA and RING finger domains of UHRF1, and this direct

interaction is required for UHRF1 stability . The downregulation of HAUSP decreased the expression levels of

UHRF1 protein, whereas the overexpression of wild-type HAUSP, but not the catalytically inactive mutant HAUSP

(C223S), significantly decreased the ubiquitination of UHRF1 and promoted its stability .

Obtaining a deep insight into how HAUSP deubiquitinase activity is involved in the stabilization of UHRF1 protein

will help in understanding the regulatory role of HAUSP in the UHRF1-dependent maintenance of DNA methylation.

In this regard, HAUSP was shown to regulate the stability of UHRF1 protein by targeting the ubiquitin ligase activity

of the UHRF1 RING domain , which is used by UHRF1 to ubiquitinate itself (autoubiquitination)  or to

ubiquitinate other substrates, mainly histone 3 . Indeed, HAUSP, via its deubiquitinase activity, was shown

to interfere with the E3 ubiquitin ligase activity of the RING domain of UHRF1, thereby eliminating the

autoubiquitination of UHRF1 via the removal of ubiquitin adducts . This led to the stabilization of UHRF1,

indicating that HAUSP regulates the maintenance of DNA methylation through a direct association with UHRF1 .

2.2. HAUSP-Dependent Regulation of DNMT1 by Acetylation

HAUSP can also regulate DNMT1 stability through an acetylation process . HAUSP, through its UBL

domains (residues 560–1102), was found to stabilize DNMT1 by binding to the KG linker (KG ) of DNMT1

(residues 1109–1119) promoting the stability of DNMT1 . The depletion of HAUSP in several cancer cell lines

resulted in a significant decrease in DNMT1 expression at the protein level, but not at the mRNA level. Similar

findings were observed when HAUSP was knocked out in colon cancer cells, supporting the concept that HAUSP

deubiquitinates and protects DNMT1 from proteasomal degradation, thereby promoting DNMT1 stability .

3. Role of HAUSP in the Regulation of Histone Post-
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3.1. Role of HAUSP in the Regulation of Histone Monoubiquitination

Monoubiquitination of histones, particularly H2A and H2B, is a common type of histone PTM that controls gene

expression . Monoubiquitination of histone H2A on lysine 119 (H2AK119ub1) is a well-documented

epigenetic modification linked to the Polycomb Repressor Complex 1 (PRC1) and is frequently associated with

gene silencing . This histone mark (H2AK119ub1) is catalyzed by the E3 ubiquitin ligase RING1B,

which is overexpressed in many human tumors  and plays an important role in PRC1-mediated gene

silencing through monoubiquitination of histone H2A . HAUSP can directly interact with and specifically

deubiquitinate RING1B, thereby modulating the level of ubiquitinated H2A . The same effects on H2AK119ub1

were found when HAUSP was downregulated or knocked out in human colorectal carcinoma cells HCT116 .

3.2. Role of HAUSP in the Regulation of Histone Acetylation

The histone acetyltransferase TIP60 is a member of the ECREM complex that also includes HAUSP, UHRF1, and

DNMT1, and each member has regulatory effects on the other partners (35, 49, 61, 70, 71, 73). TIP60, through its

acetyltransferase, was shown to acetylate, destabilize, and trigger the ubiquitination of DNMT1 through the E3

ligase activity of UHRF1 . TIP60 is also required for acetylation of histones  and of nonhistone proteins,

such as the tumor suppressor p53 . Thus, deciphering the mechanisms of TIP60 regulation is crucial for

unraveling the complex role of this histone acetyltransferase in tumors. TIP60 is a target of the deubiquitinase

activity of HAUSP , which interacts through its TRAF domain to deubiquitinate and stabilize TIP60, leading to the

subsequent induction of p53-dependent apoptosis .

3.3. Role of HAUSP in the Regulation of Histone Methylation

Histone lysine methyltransferases (KMTs), such as EZH2  and MLL5,  and lysine specific histone

demethylase (KDMs), including LSD1  and PHF8 , are two families of enzymes involved in histone

methylation and demethylation, respectively. Specifically, the trimethylation of lysine 27 of histone 3 (H3K27me3),

mediated by EZH2, is considered one of histone changes that silence target genes, thereby promoting tumor

growth and metastasis in many tumors . EZH2 is a core subunit of the Polycomb Repressive Complex 2

(PRC2), which is associated with cancer .

3.4. Role of HAUSP in the UHRF1-Mediated Readout of Histone H3 Lysine 9
Methylation

During DNA replication in the S phase of the cell cycle, UHRF1 is loaded onto replication forks via its binding

affinity to hemi-methylated DNA through its SRA domain  and by its ability to bind to and ubiquitinate di-or

tri-methylated histone H3K9 (H3K9me2,3) through a coordinated cooperation between both its TTD and PHD

domains . However, in-depth investigation of how UHRF1-mediated ubiquitination of methylated histone

H3K9 is regulated is of great importance for understanding the regulation of this maintenance machinery axis.
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A structural characterization of the HAUSP/UHRF1 complex showed that HAUSP, through its first two UBL domains

(UBL1-2), binds to a polybasic region (PBR) in the C terminus of UHRF1 , a region responsible for blocking the

interaction of the TTD domain of UHRF1 with the tri-methylation of lysine 9 of histone 3 (H3K9me3) . The

binding of HAUSP to the PBR region of UHRF1 induces an allosteric regulation of UHRF1 by disrupting the

intramolecular interaction between the TTD and PBR domains of UHRF1, thereby releasing the TTD domain from

its association with PBR and thus from the “TTD-occluded state” and allowing it to adopt an “open state” that

promotes the association of the TTD-PHD domains of UHRF1 with chromatin and, hence, efficient H3K9me3

binding .

4. HAUSP Inhibitors as Promising Anticancer Agents

The important role of HAUSP in modulating several pro-proliferative and anti-apoptotic genes has led to extensive

efforts to develop HAUSP-selective inhibitors . Moreover, the solved X-ray structure of HAUSP in

complex with those molecules further advanced the structure-based design potent and reversible and irreversible

inhibitors . Irreversible HAUSP-small molecules inhibitors work via alkylating the catalytic Cys223, blocking its

interaction with ubiquitin. However, the similarity of the catalytic site of HAUSP with other deubiqutinases reduces

the selectivity of such inhibitors. On the other hand, reversible inhibitors that bind noncovalently to the site adjacent

to the catalytic domain displayed better selectivity vis-à-vis other deubiquitinases .
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