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Abstract: Downregulation of the ubiquitin-like containing PHD and ring finger 1 (UHRF1) oncogene
in cancer cells in response to natural anticancer drugs, including thymoquinone (TQ), is a key
event that induces apoptosis. TQ can induce UHRF1 autoubiquitination via the E3 ligase activity
of its RING domain, most likely through the downregulation of herpes virus-associated ubiquitin-
specific protease (HAUSP). In this study, we evaluated whether HAUSP downregulation and fast
ubiquitination of UHRF1 are prerequisites for UHRF1 degradation in response to TQ in cancer cells
and whether doxorubicin can mimic the effects of TQ on UHRF1 ubiquitination. RNA sequencing
was performed to investigate differentially expressed genes in TQ-treated Jurkat cells. The protein
expression of UHRF1, HAUSP and Bcl-2 was detected by means of Western blot analysis. The
proliferation of human colon cancer (HCT-116) and Jurkat cells was analyzed via the WST-1 assay.
RNA sequencing data revealed that TQ significantly decreased HAUSP expression. TQ triggered
UHRF1 to undergo rapid ubiquitination as the first step in its degradation and the inhibition of its
cell proliferation. TQ-induced UHRF1 ubiquitination is associated with HAUSP downregulation.
Like TQ, doxorubicin induced a similar dose- and time-dependent downregulation of UHRF1 in
cancer cells, but UHRF1 did not undergo ubiquitination as detected in response to TQ. Furthermore,
TQ decreased Bcl-2 expression without triggering its ubiquitination. A fast UHRF1 ubiquitination is
an indispensable event for its degradation in response to TQ but not for its responses to doxorubicin.
TQ appears to trigger ubiquitination of UHRF1 but not of the Bcl-2 oncogene, thereby identifying
UHRF1 as a specific target of TQ for cancer therapy.
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1. Introduction

The ubiquitin-like containing PHD and ring finger 1 (UHRF1) oncogene is overex-
pressed in many human cancers and serves as a master regulator of the epigenome (DNA
methylation and histone modifications) through its five functional domains [1–7], including
the RING domain, which is the only domain of UHRF1 that exhibits enzymatic activity [2,8].
Indeed, UHRF1 belongs to the ring finger-type E3-ubiquitin ligases, which have in vitro
autoubiquitination activity [8–10] and are currently viewed as promising anticancer drug
targets due to their roles in the regulation of many tumor suppressor proteins [8,11]. UHRF1
was shown to exert E3 ubiquitin ligase activity through its RING domain, whereas the
overexpression of UHRF1 RING domain mutants enhanced the sensitivity of cancer cells
to several genotoxic and cytotoxic agents [8].

The herpes virus-associated ubiquitin-specific protease (HAUSP) known as USP7 was
shown to protect several RING-finger E3-ubiquitin ligases, such as Mdm2 [12], ICP0 [13],
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Chfr [14] and UHRF1, from autoubiquitination [15]. Indeed, HAUSP physically interacts
with UHRF1 and an active HAUSP completely abolished the autoubiquitination of UHRF1
through the removal of ubiquitin adducts [15]. These findings indicate that HAUSP
positively regulates the expression levels of UHRF1 through targeting the RING domain-
mediated autoubiquitination activity of UHRF1, preventing proteasomal degradation of
UHRF1 [15]. These data, taken together, suggest that an intact function of the UHRF1
RING domain is essential for cellular survival and its disruption through the dissociation
of HAUSP from the UHRF1 complex significantly enhances the sensitivity of cancer cells to
chemotherapeutics, making UHRF1 a promising target in the search for natural compound
to target in cancer therapy.

Several in vitro and in vivo studies have shown that UHRF1 downregulation in cancer
is sufficient to induce apoptosis through the reactivation of various tumor suppressor genes
(TSGs) [7,16–18]. Indeed, UHRF1 expression decreases in response to several natural prod-
ucts, including naphthazarin [19], shikonin [20], curcumin [5], epigallocatechin-3-gallate
(EGCG) [4], resveratrol [21], anisomycin [21], luteolin [22], doxorubicin [23] and thymo-
quinone (TQ) [1,11,24,25]. TQ, the most abundant biologically active component of black
seed oil, shows inhibitory effects on many human cancer cells by targeting several signaling
pathways, including the UHRF1/TSGs axis [1,7,11]. TQ was shown to induce the rapid
autoubiquitination of UHRF1 in cancer cells through its RING domain, and this event was
correlated with HAUSP downregulation [11], which is known to control the ubiquitination
status of UHRF1 and protects it from degradation by the proteasome [15]. These findings
suggest that HAUSP downregulation-mediated rapid autoubiquitination of UHRF1 in
response to TQ is an essential first step for subsequent UHRF1 degradation [11]. In the
present study, we evaluated whether TQ specifically triggers HUASP downregulation-
mediated fast ubiquitination of UHRF1 in cancer cells and whether the anticancer drug
doxorubicin, which is known to decrease the expression of the UHRF1 protein through an
unknown mechanism [23], can mimic the effects of TQ on UHRF1.

2. Materials and Methods
2.1. Cell Culture and Treatment

The human T lymphocyte Jurkat cell line and human colon cancer cells (HCT-116)
were obtained from the American Type Culture Collection (Manassas, VA, USA) and
maintained in a humidified incubator at 37 ◦C in 5% CO2. Jurkat cells were grown in RPMI
1640 culture medium (Sigma-Aldrich, St-Louis, MO, USA) and HCT-116 cells in Dulbecco’s
modified Eagle medium (DMEM) (Sigma-Aldrich, St-Louis, MO, USA). All media were
supplemented with 15% (v/v) fetal calf serum (FCS; Biowhitaker, Lonza, Belgium), 2 mM
glutamine, 100 U/mL penicillin and 50 µg/mL streptomycin (Sigma, St. Louis, MO, USA).
For all treatments, a 10 mM solution of TQ (Sigma-Aldrich, St. Louis, MO, USA) was
prepared in 10% DMSO (dimethylsulfoxide; Millipore, Molsheim, France) and appropriate
working concentrations were prepared with cell culture medium. The final concentration
of DMSO was always less than 0.1% in both control and treated conditions. Doxorubicin
was obtained from Sigma-Aldrich.

2.2. RNA-Seq, Identification of Differentially Expressed Genes and Bioinformatics Analysis

Triplicate samples of Jurkat cells were treated with 20 µM TQ for 24 h, and three
independent experiments were performed. The total RNA was extracted using the RNeasy
kit Qiagen (Valencia, CA, USA). RNA-Seq and the determination of differentially expressed
genes were carried out as described elsewhere [6].

2.3. Western Blot Analysis

Cells were treated with different concentrations of TQ or doxorubicin for different
times. The cells were then harvested, centrifuged to discard the medium, washed with
cold PBS (phosphate-buffered saline), and resuspended in RIPA buffer (25 mM Tris, pH 7.6,
150 mM NaCl, 1% NP-40, 1% sodium deoxycholate and 0.1% SDS; Sigma-Aldrich, USA)
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containing protease inhibitors. Equal amounts of total protein were separated on 10-12%
polyacrylamide gels and electrophoretically transferred to nitrocellulose membranes. After
blocking with 5% non-fat dry milk or 3% bovine serum albumin (BSA) and Tween 20 in
PBS, the nitrocellulose membranes were incubated at 4 ◦C overnight with either a mouse
monoclonal anti-UHRF1 antibody [26], a mouse monoclonal anti-HAUSP antibody (Santa
Cruz Biotechnology, Dallas, TX, USA, Cat. No. sc-137008), a mouse monoclonal anti-Bcl-2
(Cat. No. ab59348), or a mouse monoclonal anti-GAPDH (Cat. No. ab8245) or an anti-
β-actin antibody (Cat. No. ab8226) (Abcam, Paris, France) or β-tubulin (Sigma-Aldrich,
Cat. No. T8328), according to the manufacturer’s instructions. The membranes were
then washed three times with PBS for 10 min, followed by incubation with an appropriate
horseradish peroxidase-conjugated secondary antibody (diluted to 1:10,000 for anti-mouse
antibodies) at room temperature for 90 min. The membranes were washed with PBS
five times, and the chemiluminescence signals were detected using Amersham ECL Plus
detection system (Amersham, GE Healthcare, Buckinghamshire, UK).

2.4. Cell Proliferation Assay

A colorimetric cell proliferation assay using a WST-1 Cell Proliferation Reagent Kit
(Sigma-Aldrich, USA) was used to analyze the effect of TQ on cell proliferation in HCT-
116 and Jurkat cells. Briefly, the cells were seeded in 96-multiwell plates at a density of
4 × 104/well for Jurkat cells and 104/well for HCT-116 cells. After 24 h of incubation,
the cells were exposed to different concentrations of TQ for different times. The cell
proliferation rate then was evaluated through a rapid WST-1 reagent. After incubation for
the different times, 10 µL of the WST-1 solution was added and incubated for an additional
3 h at 37 ◦C. Finally, the absorbance was read at 450 nm with a microplate ELISA reader
(ELx800™ Biotek, Winooski, Vermont, USA) and the results were analyzed using the Gen5
software (Biotek, Winooski, VT, USA). The reaction was based on the cleavage of the
tetrazolium salt WST-1 to formazan by means of cellular mitochondrial dehydrogenases.
The quantity of formazan dye in the medium is directly proportional to the number of
viable metabolically active cells. The percentage of cell viability was calculated by assuming
control (untreated) samples to be 100% viable.

2.5. Statistical Analysis

All the data were presented as the means ± S.E.M of triplicates carried out in the
same experiment or an average of at least three separate experiments. One-way ANOVA,
followed by Tukey’s post hoc test using GraphPad Prism 6 (Graph Pad Software, SanDiego,
CA, USA), were used for statistical analysis. Significant differences are indicated as
* p < 0.05.

3. Results
3.1. TQ Induced UHRF1 Ubiquitination Related to HAUSP Downregulation in Human Cancer Cells

The HAUSP deubiquitinase interacts with the UHRF1 protein and controls its ubiq-
uitination status, thereby protecting UHRF1 from degradation by the proteasome [15,27].
TQ was shown to induce a sharp decrease in HAUSP in Jurkat cells [11]. We therefore
investigated whether HAUSP is a main target of TQ in its mechanism of action leading to
UHRF1 downregulation by analyzing gene expression after a 24-h exposure to TQ. The
RNA-seq data showed that several deubiquitinases, including HAUSP, with known onco-
genic proprieties were significantly downregulated in response to TQ treatment (Table 1).
By contrast, two deubiquitinases, USP27X and USP35, which are known tumor suppressors,
were insignificantly upregulated (Table 2).

We then investigated whether UHRF1 ubiquitination is a common feature of TQ in
cancer cells and whether this process involves the downregulation of HAUSP by evaluat-
ing the effects of TQ in two human cancer cell lines that highly express UHRF1: human
colon cancer cells (HCT-116) [28,29] and Jurkat cells [1,30,31]. TQ induced a sharp de-
crease in the expression of UHRF1 and HAUSP at the protein level when administered at
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concentrations of at least 200 µM in HCT-116 cells (Figure 1A) and 30 µM in Jurkat cells
(Figure 1B). The anti-proliferative effect of TQ in HCT-116 cells (Figure 1C) and in Jurkat
cells (Figure 1D) was then analyzed under the same experimental conditions. Cell prolifer-
ation in response to TQ was decreased in a concentration-dependent manner in both cancer
cell lines. TQ significantly inhibited cell proliferation starting from 30 µM in HCT-116 cells
and the inhibition percentage reached approximately 50% at 100 µM, suggesting that TQ
exerts its inhibitory effects on HCT-116 cells with an estimated half-maximal effect (IC50)
value of approximately 100 µM (Figure 1C). In Jurkat cells, TQ significantly inhibited cell
proliferation from 5 µM, with an IC50 value of approximately 30 µM (Figure 1D).

Table 1. Downregulation of deubiquitinases in TQ-treated Jurkat cells as compared with un-
treated cells.

Gene logFc* p-Value

USP4 −1.065 0.026

USP7 −0.907 0.05

USP8 −1.003 0.037

USP12 −1.067 0.0283

USP15 −1.19 0.012

USP24 −1.566 0.001

USP32 −1.239 0.01

USP34 −1.9 0.0000398

Table 2. Upregulation of deubiquitinases in TQ-treated Jurkat cells as compared with untreated cells.

Gene logFc* p-Value

USP27 0.207 0.84

USP35 0.49 0.34

A kinetic analysis of the effects of TQ on UHRF1 expression, using concentrations at
which UHRF1 became undetectable, 200 µM of TQ in HCT-116 cells (Figure 2A) and 30 µM
in Jurkat cells (Figure 2B), revealed time-dependent effects of TQ on UHRF1 ubiquitination,
as reflected by the appearance of high-molecular-weight bands of UHRF1 at 115 and
250 kDa, rather than the expected one at 97 kDa. The TQ-induced UHRF1 ubiquitination
was associated with a decrease in the expression of HAUSP, detectable at 10 min in HCT-
116 cells (Figure 2A) and Jurkat cells (Figure 2B) in parallel with the appearance of high-
molecular-weight bands on UHRF1. The TQ-induced downregulation of UHRF1 and
HAUSP was also associated with an upregulation of the p73 tumor suppressor protein in
both cancer cell lines (data not shown). The anti-proliferative effect of TQ in HCT-116 cells
(Figure 2C) and Jurkat cells (Figure 2D) was also analyzed under the same experimental
conditions. TQ induced a time-dependent cell proliferation inhibition in HCT-116 cells
(Figure 2C) and Jurkat cells (Figure 2D) and this effect was associated with the TQ-induced
UHRF1 ubiquitination. Indeed, TQ caused a significant decrease in cell proliferation after
1 h and 30 min in HCT-116 cells (Figure 2C) and Jurkat cells (Figure 2D), respectively.
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proliferation rate was assessed via the WST-1 assay. Values are shown as means ± S.E.M of three different experiments.
* p < 0.05 versus control.
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Figure 2. Time course effect of TQ on HAUSP, UHRF1 and ubiquitinated UHRF1 and cell proliferation. Human colon
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experiments. * p < 0.05 versus control.
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Taken together, these findings indicate that TQ induces a fast ubiquitination of UHRF1
in cancer cells that is related to HAUSP downregulation. This process could be an indis-
pensable event in the subsequent degradation of UHRF1 and the upregulation of the p73
tumor suppressor and the inhibition of cell proliferation in response to TQ.

3.2. Doxorubicin Induced Ubiquitination Independently of UHRF1 Downregulation in Cancer Cells

The anticancer drug doxorubicin is commonly considered to exert its anti-tumor
activity through targeting several signaling pathways, including the induction of the
polyubiquitination of various proteins [32–34]. Doxorubicin was shown to decrease the
expression of the UHRF1 protein in HCT-116 cells through an unknown mechanism [23].
Thus, we wanted to know whether doxorubicin induces a rapid ubiquitination of UHRF1
in cancer cells, thereby mimicking the effects of TQ on the ubiquitination status of UHRF1.
As shown in Figure 3A, treatment of Jurkat cells with doxorubicin resulted in a dose-
dependent decrease in the expression protein level of UHRF1 starting at doxorubicin
concentrations of 0.25 µg/mL. A kinetic analysis of UHRF1 expression in Jurkat cells
was then conducted using doxorubicin at 2 µg/mL, a concentration at which UHRF1
became undetectable after 24 h of treatment (Figure 3A). A time-course analysis showed
that doxorubicin induced a sharp decrease in the expression of UHRF1 at 6 h (Figure 3B).
However, although TQ at 10 min induced UHRF1 ubiquitination, as reflected by the rapid
appearance of high-molecular-weight bands of UHRF1 (Figure 3C), Western blot analysis
revealed that doxorubicin treatment did not challenge UHRF1 to perform ubiquitination
before the onset of its degradation in Jurkat cells (Figure 3B).
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Figure 3. Dose- and time-dependent effects of doxorubicin and TQ on the protein expression
of UHRF1 and ubiquitinated UHRF1 in Jurkat cells. (A) Jurkat cells were exposed to increasing
concentrations of doxorubicin for 24 h. (B) Cells were exposed to 2 µg/mL doxorubicin for different
times. (C) Cells were exposed to 30 µM TQ for 10 min. Expression of UHRF1 was analyzed via
Western blotting, as described in the Materials and Methods.

The same findings were observed in HCT-116 cells treated with doxorubicin (Figure 4).
Figure 4A shows that the treatment of colon cancer cells with doxorubicin resulted in a dose-
dependent decrease in the protein expression level of UHRF1, with concentrations as low
as 10 µg/mL. The time-course effects of 60 µg/mL of doxorubicin on UHRF1 expression
showed a decrease in the expression of UHRF1 starting at 6 h (Figure 4B). Again, the
doxorubicin-induced UHRF1 downregulation was not correlated with the ubiquitination
process, as reflected by the lack of high-molecular-weight bands of UHRF1 (Figure 4B), as
was observed in response to TQ (Figure 4C).
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UHRF1 in colon cancer cells. (A) HCT-116 cells were exposed to increasing concentrations of doxorubicin for 24 h. (B)
Cells were exposed to 60 µg/mL doxorubicin for different times. (C) Cells were exposed to 200 µM TQ for different times.
Expression of UHRF1 was analyzed via Western blotting, as described in the Materials and Methods.

Taken together, these finding suggest that TQ and doxorubicin decreased UHRF1
protein expression through different mechanisms and indicate that fast UHRF1 ubiquitina-
tion is a prerequisite for its degradation in cancer cells in response to TQ but not for the
response to doxorubicin.

3.3. TQ Induced the Downregulation of the Bcl-2 Oncogene in Cancer Cells through a
Ubiquitination-Independent Mechanism

The B-cell lymphoma 2 (Bcl-2) oncogene is overexpressed in several tumors, including
colon cancer [35–38] and Jurkat cells [39–41]. Bcl-2 was shown to be degraded in the
proteasome through a ubiquitination pathway in response to several signals [42,43]. We
investigated whether Bcl-2, like UHRF1, also underwent fast ubiquitination before its
degradation in response to TQ in colon cancer cells and Jurkat cells. Dosage analysis of TQ
on the expression of Bcl-2 in both cancer cell lines revealed that the treatment of HCT-116
cells (Figure 5A) and Jurkat cells (Figure 5B) with TQ induced a dose-dependent decrease
in the protein level expression of Bcl-2, starting at 300 µM TQ in HCT-116 cells (Figure 5A)
and at 10 µM in Jurkat cells (Figure 5B). A kinetic analysis of TQ was then conducted on
Bcl-2 expression in HCT-116 cells, using 400 µM TQ (Figure 5C) and 200 µM TQ in Jurkat
cells (Figure 5D), concentrations at which Bcl-2 became undetectable after 24 h of treatment
in HCT-116 cells (Figure 5A) and Jurkat cells (Figure 5B). The time-course effects on Bcl-2
expression showed that TQ induced a decrease in the expression of Bcl-2 beginning at 1 h
in HCT-116 cells (Figure 5C) and at 30 min in Jurkat cells (Figure 5D). However, Western
blot analysis revealed no high-molecular-weight bands of Bcl-2 in TQ-treated HCT-116
cells (Figure 5C) or Jurkat cells (Figure 5D), indicating that, unlike its effects on UHRF1,
TQ did not induce the fast ubiquitination of Bcl-2 in cancer cells.
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exposed to increasing concentrations of TQ for 24 h (B) or exposed to 200 µM TQ for different times (D). Expres-sion of
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4. Discussion

The overexpression of UHRF1, detected in many solid and hematological tumors,
is known to inhibit the expression of various tumor suppressor genes (TSGs) and to
inhibit apoptosis [4,7,17]. Several studies have shown that natural anticancer compounds,
including TQ, can decrease UHRF1 expression in cancer cells and reactivate silenced TSGs
with the subsequent induction of apoptosis [1,4,5,11,17,44]. Recently, TQ was shown to
induce the fast auto-polyubiquitination of UHRF1 through its RING domain, and this effect
was correlated with a decrease in the expression of the HAUSP deubiquitinase [11]. In the
present study, two natural compounds—TQ and doxorubicin, which exhibit anticancer
properties on various cancer cells through the targeting of several signaling pathways—
were evaluated for their effects on UHRF1 expression in colon cancer cells and Jurkat cells.
The kinetic effects of TQ on UHRF1 expression in colon cancer and Jurkat cells showed
that UHRF1 was ubiquitinated, as reflected by the appearance of high-molecular-weight
bands, and this effect was associated with a downregulation of HAUSP. Like the TQ effects,
doxorubicin also induced a dose-dependent degradation of UHRF1 in colon cancer cells
and Jurkat cells. However, the kinetic effect of doxorubicin on UHRF1 expression did not
show the appearance of any high-molecular-weight bands of UHRF1 in either of the cancer
cell lines, suggesting that UHRF1 ubiquitination in cancer cells is triggered only by TQ,
and not by doxorubicin.

The present findings support the presence of a strong correlation between the TQ-
induced ubiquitination of UHRF1 and its subsequent degradation in cancer cells [11]. In
the present study, the time-course effects of doxorubicin on UHRF1 expression in colon
cancer cells and Jurkat cells did not reveal any high-molecular-weight bands in either
cancer cell line. This suggests that the degradation of UHRF1 in response to TQ requires
auto-ubiquitination through its RING domain, but this step is not required in the response
to other natural compounds that exhibit anticancer activities. This process could involve,
in part, the downregulation of HAUSP to allow the auto-ubiquitination of UHRF1 and
its degradation, followed by the subsequent upregulation of TSGs, the inhibition of cell
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proliferation and the induction of apoptosis. Indeed, several natural products, including
naphthazarin [19], shikonin [20], curcumin [5], EGCG [4], resveratrol [21] and luteolin [22],
as well as TQ [1,25], have been shown to decrease the expression of UHRF1 in cancer
cells, but their underlying molecular mechanisms are largely unknown. Few studies have
conducted kinetic analyses of the effects of these natural products on UHRF1 expression.
The time-course effects of Antho 50, an anthocyanin-rich dietary bilberry extract, on
UHRF1 expression in cells from patients with B-cell chronic lymphocytic leukemia (B
CLL) showed a progressive decrease in UHRF1 expression, but without the appearance of
high-molecular-weight bands of UHRF1 [45]. In the present study, the time-course effects
of TQ on UHRF1 in colon cancer, as a model of solid tumors, and in Jurkat cells, as a
hematological tumor model, revealed that TQ induced the appearance of high-molecular-
weight bands of UHRF1, but doxorubicin did not. This finding suggests that TQ can induce
UHRF1 ubiquitination in cancer cells as an indispensable event that triggers the onset of
apoptosis, and this process could be as a result of the disassociation between HAUSP and
UHRF1. Considering that TQ has no or minimal effects on normal human cells [24,46] and
that UHRF1 is overexpressed in several tumors, TQ could be a promising specific regulator
of the HAUSP/UHRF1 axis that functions by inducing UHRF1 ubiquitination.

Several studies in various cancer cells have shown that TQ induces a downregulation
of the Bcl-2 oncogene [47–52], one of the master activators of the anti-apoptotic effects
in cancer. In the present study, we found that TQ induces a dose- and time-dependent
downregulation of Bcl-2 in colon cancer cells. However, it apparently does not do so
by inducing ubiquitination, based on the lack of high-molecular-weight bands of Bcl-2.
Therefore, TQ can induce a fast ubiquitination of UHRF1 but apparently not of other
oncogenes such as Bcl-2, and this ubiquitination is indispensable for UHRF1 degradation.
Bcl-2 is degraded via the activation of the proteasome ubiquitination pathway in response
to the natural product pseudolaric acid B [43], whereas TQ is suggested to induce Bcl-
2 degradation in cancer cells through an ubiquitination-independent mechanism. In
agreement with this hypothesis, TQ induced a time-dependent downregulation of Bcl-2
in human multiple myeloma cells through the inhibition of STAT3 [52], which is a main
regulator of Bcl-2 [53,54].

TQ, by virtue of its ability to induce the early ubiquitination of the oncogene UHRF1,
followed by its degradation in both Jurkat cells as an experimental model of hematological
malignancy as well as colon cancer as a model of solid tumors, the present study supports
the chemopreventive and therapeutic potential of TQ for both human blood and solid
tumors. However, due to its highly lipophilic nature, poor aqueous solubility and inad-
equate biological stability, TQ is characterized by poor bioavailability. However, many
approaches to address TQ’s pharmacokinetic limitations, such as formulations of TQ in
lipid nanocarriers, are currently being developed [55,56].

In conclusion, the present study shows that, unlike the anticancer drug doxorubicin,
TQ can trigger the fast ubiquitination of UHRF1, but not of another oncogene, Bcl-2. The
underlying mechanism could involve the downregulation of HAUSP, which normally
would protect UHRF1 from ubiquitination (see the Graphical Abstract). Nevertheless, the
profound mechanisms of TQ’s effects on the ubiquitination status of UHRF1 still require
further investigation. Objectively, due to the underlying complexity of the mechanisms
of the interaction between UHRF1 and several proteins, including HAUSP [57], further
studies are needed to explore the detailed mechanisms by which UHRF1 is rapidly polyu-
biquitinated in cancer cells in response to TQ and how HAUSP could be involved in
the process.
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