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Deubiquitination of MYC by OTUB1 contributes to HK2
mediated glycolysis and breast tumorigenesis
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MYC as a transcriptional factor plays a crucial role in breast cancer progression. However, the mechanisms underlying MYC
deubiquitination in breast cancer are not well defined. Here, we report that OTUB1 is responsible for MYC deubiquitination. OTUB1
could directly deubiquitinate MYC at K323 site, which blocks MYC protein degradation. Moreover, OTUB1 mediated MYC protein
stability is also confirmed in OTUB1-knockout mice. Stabilized MYC by OTUB1 promotes its transcriptional activity and induces HK2
expression, which leads to enhance aerobic glycolysis. Therefore, OTUB1 promotes breast tumorigenesis in vivo and in vitro via
blocking MYC protein degradation. Taken together, our data identify OTUB1 as a new deubiquitination enzyme for MYC protein
degradation, which provides a potential target for breast cancer treatment.
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INTRODUCTION
Ubiquitination plays a supportive role in regulating protein
degradation, which is involved in many physiological and patholo-
gical processes [1]. OTUB1 belongs to the ovarian tumor domain
protease (OTU) subfamily of deubiquitinases, which could block
ubiquitination leading to protein stability [2]. OTUB1 as an oncogene
could deubiquitinate multiple substrates including p53 [3], TRAF3 [4],
c-Maf [5], PD-L1 [6], Cyclin E1 [7], FOXM1 [8], p100 [9], SLC7A11 [10],
Snail [11], RAS [12], SMAD2/3 [2], ATF6 [13], c-IAP1 [14], MSH2 [15]
and Tau [16], which regulates many cancer progression. Furthermore,
high expression of OTUB1 in prostate cancer enhances cell invasion
and tumorigenesis [7, 17]. In addition, OTUB1 as a marker of
colorectal cancer promotes metastasis, which leads to poor survival
[18]. In hepatocellular carcinoma, OTUB1 is overexpressed to
enhance cell migration and invasion [19]. Moreover, overexpression
of OTUB1 promotes migration of human glioma cells, which is
correlated with a poor prognosis [20]. However, the functions of
OTUB1 on breast tumorigenesis are still largely unknown.
MYC also named c-MYC as a transcription factor belongs to the

basichelix-loop-helix-leucine zipper family located in the cell
nucleus, which contributes to cell growth, death, differentiation,
and metabolism [21]. MYC is frequently mutated and over-
expressed in multiple of cancers [22]. More energy needs to be
produced in rapidly proliferating tumor cells, and aerobic
glycolysis could satisfy this process [23]. MYC is ubiquitous and
highly expressed in proliferating cancer cells, which is the master
regulator of aerobic glycolysis [24]. MYC promotes expressions of
glycolysis key enzymes, such as HK2, PKM2 and LDHA, which
could enhance aerobic glycolysis to enable cancer cells to
proliferate faster [25]. MYC is highly expressed in breast cancer,
especially in the triple negative breast cancer [26]. Post transla-
tional modification of MYC protein plays a key role in

tumorigenesis [27]. However, the upstream deubiquitination
enzymes that regulate MYC ubiquitination are still poorly under-
stood. Here, we discover a new molecular mechanism responsible
for breast tumorigenesis between OTUB1 and MYC. OTUB1
deubiquitinates MYC, and promotes its protein stability. Interest-
ingly, OTUB1 increases aerobic glycolysis via MYC mediated HK2
expression, which promotes breast tumor growth. Taken together,
we find a molecular mechanism based therapeutic strategy of
targeting breast tumorigenesis via OTUB1-MYC-HK2 axis.

MATERIALS AND METHODS
Cell culture and transfection
The HEK293T, MCF-7 and MB231 cells were from Chinese Academy of
Sciences, which were maintained at 37 °C supplied with 5%CO2. All cells were
cultured in DMEM medium supplemented with 10% FBS, 50 μg/ml
streptomycin, and 50U/mL penicillin. Cell transfection was performed by
using Lipofectamine 3000. The information of indicated plasmid was
provided in supplementary materials.

Quantitative real-time PCR
Total RNA was extracted from indicated cells using TRIzolTM (Takara) reagent
according to the protocol, and the RNA was reversely transcribed as
previously described [28]. The expression levels of mRNA were quantified
using the TB Green® Fast qPCR Mix (Takara). The information of primer
sequence was listed in Supplementary Materials.

Western blot
The cells were lysed with lysis buffer (150mM NaCl, 50 mM Tris-HCl [pH
7.5], and 0.5% NP40) with multiple protease inhibitors (Sigma–Aldrich), and
the protein concentrations were quantified [29, 30]. The extracted proteins
were determined by SDS-PAGE and transferred onto PVDF membranes.
The membranes were incubated with indicated antibody at 4 °C overnight.
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The membranes were visualized by odyssey instrument. The information of
indicated antibodies was provided in supplementary materials.

Immunoprecipitation (IP) and GST pull-down assays
Cell lysates were prepared by lysis buffer with multiple protease inhibitors
(Sigma–Aldrich) [28–30]. The protein A/G agarose beads were added into
the cell lysates with indicated antibodies at 4 °C overnight. Then, the beads
were washed with IP buffer before performed by immunoblotting. GST-pull
down assay was performed as described previously [31, 32].

In vitro deubiquitination assays
HEK293T cell were co-transfected with HA-tagged ubiquitin and Flag-
tagged MYC, and treated with MG132 to increase the ubiquitination level
of MYC. Then, the IP assay was performed to get ubiquitinated Flag-
tagged MYC. The MYC proteins were incubated with His-OTUB using
deubiquitinating buffer (60 mM HEPES, 5 mM MgCl2, 4% glycerol, pH 7.5)
at 30 °C for 4 hr [6]. The deubiquitinated proteins were tested by western
blotting.

Construction of stable cell pools
pLVX-shRNA1 was constructed as short-hairpin RNA vectors. Indicated cells
were infected with viruses and the single stable cells were screened. The
knockdown efficiency was tested after selection with puromycin for
2 weeks. Indicated genes were constructed into the pLVX-IRES-Neo
vectors and transfected with psPAX2 and pMD2.G package vectors in
HEK293T cells. The indicated breast cancer cells were then infected
indicated lentiviruses, following a selection with G418 for 2 weeks. Then,
the single stable cells were generated. The information of shRNA sequence
was provided in supplementary materials.

Xenograft mouse model
The procedures related to animal studies were approved by the animal care
committee of Weifang medical University (Weifang, China). The female 4 week
old BALB/c nude mice were injected subcutaneously with 5 × 106 / 100 μL PBS
MCF-7 cells with OTUB1 depletion reconstituted stable overexpression of MYC.
Tumor volume was recorded by formula: Tumor volume= (length ×width2)/2.
Tumors were dissected and weighed after 3 weeks.

Statistical analysis
Statistical analyses were determined using Graphpad Prism 7.0 software, and
presented as mean ± s.e.m. Differences between variables were considered
to be statistically significant at P < 0.05. *P < 0.05 and n.s. was not significant.

RESULTS
OTUB1 interacts with MYC
To study the functions of OTUB1 in breast cancer, we used OTUB1
as bait to identify MYC as a new binding partner (Supplementary
Fig. S1A). To further confirm the interactions between OTUB1 and
MYC, we performed Co-IP assays. The results showed that
exogenously overexpressed Flag-tagged OTUB1 interacted with
exogenously overexpressed HA-tagged MYC (Fig. 1A, B). Further-
more, endogenous interactions between OTUB1 and MYC were
confirmed in the MCF-7 cells (Fig. 1C, D). GST-pull down assays
showed that OTUB1 directly bound to MYC in vitro (Fig. 1E). As we
expected, OTUB1 could co-localize with MYC both in the
cytoplasm and nucleus of MCF-7 cells (Fig. 1F and Supplementary
Fig. S1B). Based on their interaction, we next identified the binding
regions between OTUB1 and MYC. We generated two fragments
of OTUB1, amino acids 1-47 (OT1), and 48-271 (OT2) (Fig. 1G).
Based to its structure, MYC protein was also divided into four
fragments, amino acids 1–147 (M1), 148–262 (M2), 263–350 (M3),
and 351–453 (M4) (Fig. 1H). The data showed that the C-terminal
OTU domain of OTUB1 and N-terminal domain of MYC (1–262)
were necessary for their interaction (Fig. 1I, J). Both amino acids
1–141 (M1) and 148–262 (M2) of MYC interacted with OTUB1,
suggesting that two domains might format a complex structure to
promote its interaction. Taken together, our data show that
OTUB1 directly interacts with MYC.

OTUB1 enhances MYC protein stability
OTUB1 as a deubiquitinating enzyme could deubiquitinate multiple
substrates, which could regulate protein stability [33]. So we
speculated that OTUB1 might promote MYC protein stability. As
we expected, overexpression of OTUB1 increased MYC protein
stability, but the enzyme inactivated mutant did not (Fig. 2A, B). We
used USP13 as a negative control which was a tumor suppressor in
breast cancer [34], and used USP22 [35], USP28 [36], USP36 [37] or
USP37 [38] as positive control which promoted stability of MYC. The
data showed that OTUB1 was a new positive regulator for MYC
(Supplementary Fig. S1C, D). To test whether deubiquitination and
stabilization of MYC by OTUB1 relies on its ability to inhibit E2
enzymes, we constructed OTUB1 mutant (△N). Interestingly,
deletion N-terminal of OTUB1 could still promote MYC protein
stability (Supplementary Fig. S1E). The efficient of OTUB1 knock-
down was determined in MCF-7 cells, and its expressions in breast
cancer cells were also detected (Supplementary Fig. S2A, B).
Furthermore, we manipulated the expression of OTUB1 in breast
cancer cells, and demonstrated that OTUB1 enhanced MYC protein
stability (Fig. 2C–G). To test whether OTUB1 regulates MYC protein
stability via the proteasome pathway, we treated the cells with
MG132. The data showed that MG132 abrogated the OTUB1-
mediated stability of MYC protein, suggesting that OTUB1 regulated
MYC protein stability via the ubiquitin proteasome pathway (Fig. 2H).
Interestingly, OTUB2 as another member of OUT family could not
regulate MYC protein stability (Fig. 2I). Moreover, to explore the
protein half-life of MYC, the cells were treated with cycloheximide
(CHX). As we expected, OTUB1 could increase the half-life of MYC
protein (Fig. 2J–L), but the mutants of OTUB1 could not
(Supplementary Fig. S2C). Collectively, the data show that OTUB1
promotes MYC protein stability via the ubiquitin proteasome
pathway.

OTUB1 deubiquitinates MYC at K323
In previous experiments, we found that OTUB1 maintained MYC
protein stability through the ubiquitin proteasome pathway. So we
next examined whether OTUB1 could directly regulate the
ubiquitination level of MYC. Compared to OTUB1 mutants, over-
expression wild type OTUB1 could decrease the ubiquitination level
of MYC in 293 T cells (Fig. 3A). Moreover, we found that manipulated
expression of OTUB1 could change the ubiquitination level of MYC
(Fig. 3B, C). Consistently, in vitro experiment showed that OTUB1
directly deubiquitinated MYC (Fig. 3D). Furthermore, we isolated
nucleus and cytoplasm proteins from OTUB1 overexpression MCF-7
cells. The data showed that OTUB1 decreased ubiquitination of MYC
both in the cytoplasm and nucleus, which was consistent with the
PLA results (Supplementary Fig. S3A). To identify the lysine residues
on MYC protein deubiquitinated by OTUB1, we constructed several
mutants of MYC protein (Fig. 3E). Interestingly, OTUB1 did not affect
the protein stability of MYC mutant (▵301–350aa) (Fig. 3F). To further
confirm which lysine residue of MYC was deubiquitinated by OTUB1,
we mutated all lysine residues on MYC (301–350aa). Interestingly,
OTUB1 could not increase protein stability of MYC-K323R mutant,
which suggested that OTUB1 deubiquitinated MYC at K323 (Fig. 3G).
Moreover, OTUB1 also failed to deubiquitinate MYC-K323R mutant
(Fig. 3H and Supplementary Fig. S3B). To determine which lysine (K)-
linked polyubiquitin chain conjugated with MYC was deubiquitinated
by OTUB1, we overexpressed several ubiquitin mutants. We found
that MYC preferentially conjugated with lysine (K) 48-linked
polyubiquitin chain, which was deubiquitinated by OTUB1 (Fig. 3I).
Collectively, we conclude that OTUB1 deubiquitinates MYC at K323.

OTUB1 promotes MYC transcriptional activity
Our study showed that OTUB1 bound to MYC and increased its
protein stability. So we speculated that OTUB1 would promote MYC
transcriptional activity. To test this hypothesis, luciferase reporter
assays demonstrated that overexpression of OTUB1 significantly
increased MYC transcriptional activity (Fig. 4A). Furthermore, we
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knocked down OTUB1 in breast cancer cells, and performed RNA-
sequencing analysis. From the heat map, OTUB1-depleted cells
showed decreased expression of previously reported MYC transcrip-
tional target genes such as TERT [39], H19 [40], WNT6 [41], and
DEPTOR [42] (Fig. 4B). Moreover, we rescued OTUB1 expression in
OTUB1-knockdown breast cancer cells (Fig. 4C). Consistently, qRT-
PCR data further confirmed that depletion of OTUB1 decreased RNA
expression of TERT, H19, WNT6, and DEPTOR (Fig. 4D, E). To study
whether OTUB1 enhances more MYC binding to its target gene
promoters via promoting its protein stability, we performed CHIP
assays. We found that OTUB1 increased MYC binding to the TERT
and DEPTOR promoters, which were previously reported to be MYC
target genes (Fig. 4F–G and Supplementary Fig. S4A, B). Thus, OTUB1
promotes the transcriptional activity of MYC.

OTUB1 promotes aerobic glycolysis via MYC induced HK2
expression
MYC acts as a master in regulating aerobic glycolysis and mediates
multiple of cancer progressions [43]. Our RNA-sequencing results

showed that OTUB1 knockdown downregulated expression of
HK2, a key enzyme in aerobic glycolysis. So we made a hypothesis
that OTUB1 promoted aerobic glycolysis via MYC mediated HK2
expression. To this end, we examined the glucose consumption
and lactate production in OTUB1 rescued breast cancer cells. As
we expected, OTUB1 promoted glucose consumption and lactate
production (Fig. 5A, B). We next measured glycolytic rate in
response to OTUB1 knockdown by using Seahorse Bioscience Flux
Analyzer. We found that knockdown of OTUB1 reduced glycolytic
rate in breast cancer cells (Fig. 5C, D), but had no effect on
mitochondrial oxidative phosphorylation (Supplementary Fig. S5A,
B). Furthermore, we found that OTUB1 could enhance HK2
expression in breast cancer cells (Fig. 5E, F). In addition, OTUB1
increased MYC binding to the HK2 promoter (Fig. 5G), which was
previously reported to be a MYC target gene [44]. Furthermore,
luciferase reporter assay showed that overexpression of
OTUB1 significantly promoted HK2 transcriptional activity (Fig. 5H).
Interestingly, we found OTUB1 mediated HK2 expression
depended on MYC in breast cancer cells (Fig. 5I). Taken together,

Fig. 1 OTUB1 interacts with MYC. Immunoprecipitation and immunoblotting analyses were performed with the indicated antibodies. A, B
Immunoprecipitation (IP) and western blot analysis of the exogenous OTUB1/MYC proteins interaction in the 293 T cells co-transfected with
Flag-tagged OTUB1 and HA-tagged MYC. C, D IP and western blot analysis of the endogenous OTUB1/MYC proteins interaction in the MCF-7
cells. E GST-pull down assay analysis of OTUB1/MYC proteins interaction using purified GST-tagged MYC and His-OTUB1. F Confocal
immunofluorescence microscopy analysis of the OTUB1/MYC proteins interaction in the MCF-7 cells. G, I IP and western blot analysis of the
HA-tagged MYC/GFP-tagged OTUB1 fragments proteins interaction in the 293 T cells. H, J IP and western blot analysis of the HA-tagged
OTUB1/GFP-tagged MYC fragments proteins interaction in the 293 T cells.
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OTUB1 promotes aerobic glycolysis via MYC mediated HK2
expression.

MYC contributes to OTUB1 mediated breast tumorigenesis
in vitro and in vivo
Previous studies have reported that OTUB1 is an oncogene in
multiple cancers [45]. To further study the functions of the OTUB1/
MYC signaling pathway in breast tumorigenesis, we transfected
OTUB1-knockdown breast cancer cells with stable overexpression
MYC vectors (Fig. 6A). Knocking down OTUB1 significantly decreased

breast cell proliferation but overexpression of MYC counteracted this
effect (Fig. 6B). Consistently, colony formation assay demonstrated
that OTUB1 promoted cell proliferation through its regulation of
MYC (Fig. 6C). Moreover, cell-scratch test and transwell migration
assay showed that MYC was required for OTUB1 induced cell
migration (Fig. 6D, E). To determine whether MYC is involved in
OTUB1 induced breast tumor growth in vivo, we performed a
xenograft tumor model in nude mice. Compare to the control group,
knockdown of OTUB1 resulted in a decrease of tumor growth,
whereas rescued overexpression of MYC significantly reversed this

Fig. 2 OTUB1 enhances MYC protein stability. Immunoblotting analyses were performed with the indicated antibodies. A 293 T cells were
overexpressed HA-tagged MYC and Flag-tagged OTUB1 (WT or mutants) proteins. Immunoblotting analyse was performed. B 293 T cells were
overexpressed HA-tagged MYC and Flag-tagged OTUB1 (0,0.5 or 1 μg) proteins. Immunoblotting analyse was performed. C, E MCF-7 or MB-
231 cells were knocked down OTUB1 with shRNA. Immunoblotting analyse was performed. D, F MCF-7 or MB-231 cells were overexpressed
Flag-tagged OTUB1 proteins. Immunoblotting analyse was performed. G MCF-7 or MB-231 cells were knocked down OTUB1 with shRNA.
Immunofluorescence was performed. H MCF-7 cells with overexpression Flag-tagged OTUB1 protein were treated with MG132 for 8 hr.
Immunoblotting analyse was performed. I 293 T cells were overexpressed the indicated HA-tagged MYC and Flag-tagged OTUB1 or OTUB2
proteins. Immunoblotting analyse was performed. J MCF-7 cells with overexpression of Flag-tagged OTUB1 were treated with CHX for
indicated time. Immunoblotting analyse was performed. K MCF-7 cells with knockdown of OTUB1 were treated with CHX for indicated time.
Immunoblotting analyse was performed. L MEFs cells with knockout of OTUB1 were treated with CHX for indicated time. Immunoblotting
analyse was performed.
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Fig. 3 OTUB1 deubiquitinates MYC at K323. Mmunoblotting analyses were performed with the indicated antibodies. A 293 T cells with
overexpression of both HA-tagged OTUB1 (WT, D88A, C91S or H265A) and Flag-tagged MYC proteins. After 48 hr transfection, cells were
treated with MG132 for 8 hr followed by IP and western blot. B MCF-7 cells were overexpressed Flag-tagged OTUB1. After 48 hr transfection,
cells were treated with MG132 for 8 hr followed by IP and western blot. C MCF-7 cells were stably expressed shRNA-OTUB1. Cells were treated
with MG132 for 8 hr followed by IP and western blot. D MYC proteins were purified from 293 T cells transfected with Flag-tagged MYC by IP
with Flag beads and elution with Flag peptide. His-tagged OTUB1 proteins were prified from E.coli. His-OTUB1 and Flag-MYC were added into
a reaction mixture at 30 °C for 4 hr. Immunoblotting analyse was performed. E The MYC truncation mutants used in this study. F 293 T cells
were co-overexpressed both Flag-tagged OTUB1 and different mutants of HA-tagged MYC. Immunoblotting analyse was performed. G 293
T cells were co-overexpressed both HA-tagged MYC (K323R) and Flag-tagged OTUB1. After 48 hr transfection, cells were treated with MG132
for 8 hr followed by IP and western blot. H 293 T cells with overexpression of both HA-tagged OTUB1 and Flag-tagged MYC (WT or K323R)
proteins. After 48 hr transfection, cells were treated with MG132 for 8 hr followed by IP and western blot. I 293 T cells transfected with different
ubiquitin mutants were co-overexpressed both HA-tagged OTUB1 and Flag-tagged MYC. After 48 hr transfection, cells were treated with
MG132 for 8 hr followed by IP and western blot.
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suppression (Fig. 6F–H). To test the expression of Ki67 in tumor
specimens, we performed IHC staining in collected tumor samples.
Consistently, knockdown of OTUB1 led to a great reduction of cell
proliferation marker Ki67. In contrast, rescued overexpression of
MYC showed a rapid elevation in Ki67 positive staining cells (Fig. 6I).
Moreover, we determined the OTUB1, MYC and HK2 protein
expressions in theses tissues (Supplementary Fig. S6). These results
support the conclusion that MYC is involved in OTUB1 induced
breast tumorigenesis in vitro and in vivo.

OTUB1 expression is positively correlated with MYC in breast
cancer
To further assess the expression relevance of OTUB1 and MYC in
breast cancer, we used IHC to analyze expression in 80 cases of breast
cancer tissues. Obviously, consistent with our previous observations,
OTUB1 and MYC were both highly expressed in breast cancer tissues
(Fig. 7A). Furthermore, the expression levels of OTUB1 and MYC
positively correlated with each other (Fig. 7B), which was consistent
in the triple negative breast cancer (Supplementary Fig. S7A).

Fig. 4 OTUB1 promotes MYC transcriptional activity. A 293 T cells were transfected Vector or Flag-tagged OTUB1 (WT, D88A, C91S or H265A)
with Myc-luc reporter plasmids, and detected by luciferase reporter assay. B Heat map representing the most significantly regulated genes
detected in RNA-seq analysis with knockdown of OTUB1 in MCF-7 cells. The red underline genes were candidates for next study. C MCF-7 or
MB231 cells expressing OTUB1 shRNA were reconstituted expression of HA-rOTUB1. Protein levels were quantitated by WB. D, E Examination
of the mRNA levels of TERT, H19, WNT6 and DEPTOR by RT-PCR analyses in breast cancer cells. F, G CHIP assays were performed using OTUB1
knockdown breast cancer cells. The results were normalized against the values of IgG controls. (All data represent mean ± SEM n= 3),
*p < 0.05.
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Fig. 5 OTUB1 promotes aerobic glycolysis via MYC induced HK2 expression. A Glucose consumptions were determined in OTUB1-depleted
breast cancer cells rescued with HA-OTUB1. B Lactate productions were determined in OTUB1-depleted breast cancer cells rescued with HA-
OTUB1. C, D OTUB1-depleted MCF-7 or MB231 cells were reconstituted expression of HA-OTUB1. ECAR levels were determined by seahorse. E,
F OTUB1-depleted MCF-7 or MB231 cells were reconstituted expression of HA-OTUB1. HK2 mRNA and protein levels were determined. G CHIP
assays were performed using OTUB1 knockdown breast cancer cells. The results were normalized against the values of IgG controls. H 293
T cells were transfected Vector or Flag-tagged OTUB1 with HK2 reporter plasmids, and detected by luciferase reporter assay. I MCF-7 or
MB231 cells were both overexpressed Flag-tagged OTUB1 and knocked down MYC. Immunoblotting analyse was performed. (All data
represent mean ± SEM n= 3), *p < 0.05.
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Moreover, we used an OTUB1 knockout mouse model to derive
mouse embryonic fibroblasts (MEFs) from the 13.5 day embryos.
Consistently, OTUB1 knockout caused a decreased expression of MYC
protein (Fig. 7C), and high expression of OTUB1 in MB231 cell line also
had high expressions of MYC and HK2 compared to MCF-7 cell line
(Supplementary Fig. S7B). Furthermore, we used the Kaplan–Meier
survival analysis to study whether the expression of OTUB1 and MYC
correlates with patient survival. It showed that low OTUB1 and

MYC expression predicted better patient survival (Supplementary
Fig. S7C, D). So the data support the clinical potential of targeting
OTUB1-MYC axis as breast cancer therapeutics.

DISCUSSION
MYC as a transcriptional factor is expressed abnormally in 70%
human cancers, which controls the cellular metabolism to

Fig. 6 MYC contributes to OTUB1 mediated breast tumorigenesis in vitro and in vivo. A MCF-7 or MB231 cells with OTUB1 depletion
reconstituted stable overexpression of MYC. Total cell lysates were prepared, and immunoblotting analyse was performed. B MCF-7 or
MB231 cells with OTUB1 depletion reconstituted stable overexpression of MYC. CCK-8 assays were performed. C MCF-7 or MB231 cells with
OTUB1 depletion reconstituted stable overexpression of MYC. Clone formation assays were performed. D MCF-7 or MB231 cells with OTUB1
depletion reconstituted stable overexpression of MYC. Wound healing assays were performed (Scale bar, 50 μm). E MCF-7 or MB231 cells with
OTUB1 depletion reconstituted stable overexpression of MYC. Cell invasion assays were performed (Scale bar, 50 μm). F–H MCF-7 cells with
OTUB1 depletion reconstituted stable overexpression of MYC were subcutaneously injected into nude mice. After 3 weeks, the mice were
sacrificed and dissected at the endpoint. Tumor growth and weight were examined. I Representative images of H/E staining and Ki67 staining
of tumor samples (Scale bar, 20 μm). (All data represent mean ± SEM n ≥ 3), *p < 0.05.

X. Han et al.

1871

Cell Death & Differentiation (2022) 29:1864 – 1873



maintain the tumor growth [46]. Deubiquitination plays a crucial
role in the regulation of MYC protein functions. Deubiquitination
of MYC by USP37 promotes lung cancer cell proliferation and the
Warburg effect in cancer cells [38]. Furthermore, USP22 and
USP28 bind to MYC, and enhance its protein stability, which is
essential for breast cancer cell proliferation [35, 36]. Moreover,
USP16 is found to be a new deubiquitinase of MYC, which
promotes castration-resistant prostate cancer cell proliferation
[47]. However, there is still no report that the OTU subfamily of
deubiquitinases could regulate MYC protein stability. In this
study, we identified the OTUB1 as a novel regulator of MYC
stability. Our study demonstrated that OTUB1 stablized MYC by
direct deubiquitination at K323. Importantly, OTUB1 regulated
aerobic glycolysis and breast cell proliferation via MYC mediated
HK2 expression. So the OTUB1/MYC axis provides signals to
promote glycolysis and thus contributes to cancer cell
proliferation.
HK2 as a key enzyme promotes aerobic glycolysis, and

reprograms the metabolic flux in cancer cells. HK2 expression is
regulated by several transcriptional factors, such as androgen
receptor (AR) [48], STAT3 [49], NF-κB [50], MYC [44], and HIF-1 [44].
At the transcriptional level, we identified OTUB1 was a new
regulator for HK2 expression via promoting MYC protein stability,
and illuminated that the new oncogene function of OTUB1 could
promote aerobic glycolysis. The upstream of factors regulating
OTUB1 pathway may need further study.
Taken together, we find a new substrate of deubiquitinase

OTUB1, the transcriptional factor MYC, and build the relationship
between OTUB1 and aerobic glycolysis. We illuminate the
molecular mechanism of OTUB1 mediated MYC protein stability
through the ubiquitin proteasome pathway, and demonstrate the
functions of OTUB1 in promoting breast tumorigenesis in vitro
and in vivo (Fig. 7D). Thus, OTUB1 serves as a potential therapeutic
target in breast cancer.
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