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YTHDF2 protein stabilization by the deubiquitinase OTUB1
promotes prostate cancer cell proliferation via PRSS8 mRNA
degradation
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Prostate cancer is a leading cause of cancer-related mortality
in males. Dysregulation of RNA adenine N-6 methylation
(m6A) contributes to cancer malignancy. m6A on mRNA may
affect mRNA splicing, turnover, transportation, and trans-
lation. m6A exerts these effects, at least partly, through dedi-
cated m6A reader proteins, including YTH domain–containing
family protein 2 (YTHDF2). YTHDF2 is necessary for devel-
opment while its dysregulation is seen in various cancers,
including prostate cancer. However, the mechanism underlying
the dysregulation and function of YTHDF2 in cancer remains
elusive. Here, we find that the deubiquitinase OUT domain–
containing ubiquitin aldehyde-binding protein 1 (OTUB1) in-
creases YTHDF2 protein stability by inhibiting its ubiquitina-
tion. With in vivo and in vitro ubiquitination assays, OTUB1 is
shown to block ubiquitin transfer to YTHDF2 independent of
its deubiquitinase activity. Furthermore, analysis of functional
transcriptomic data and m6A-sequencing data identifies PRSS8
as a potential tumor suppressor gene. OTUB1 and YTHDF2
decrease mRNA and protein levels of PRSS8, which is a trypsin-
like serine protease. Mechanistically, YTHDF2 binds PRSS8
mRNA and promotes its degradation in an m6A-dependent
manner. Further functional study on cellular and mouse
models reveals PRSS8 is a critical downstream effector of the
OTUB1–YTHDF2 axis in prostate cancer. We find in prostate
cancer cells, PRSS8 decreases nuclear β-catenin level through
E-cadherin, which is independent of its protease activity.
Collectively, our study uncovers a key regulator of YTHDF2
protein stability and establishes a functional OTUB1–
YTHDF2–PRSS8 axis in prostate cancer.

Prostate cancer presents a major challenge for male health
and survival. Despite the prevailing antiandrogen therapy, the
disease eventually acquires androgen independency and pro-
gresses to metastasis (1). Each year, prostate cancer causes
more than 300,000 deaths worldwide (2). Uncovering novel
protumor pathways in prostate cancer hold promise for unmet
medical needs (3). Methylation of adenine N6 (m6A) is a
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widespread modification on mRNA and noncoding RNA (4).
m6A has gained extensive attention in the past decade. Like
the case for histone modifications, m6A also has its writers,
readers, and erasers (5). m6A is mainly catalyzed by a meth-
yltransferase complex, the "writer," which consists of the cat-
alytic METTL3 and other subunits including METTL14 (5, 6),
while METTL3 alone is catalytically incompetent. Consis-
tently, in vitro and in vivo studies have shown that the integrity
of the complex is critical for m6A installation (7, 8).
Conversely, m6A can be removed by demethylase fat mass and
obesity (FTO)-associated protein or ALKBH5, the “eraser” (5).
m6A impacts essentially every aspect of RNA biology,
including conformation, splicing, transportation, translation,
and turnover of RNA (4). These pleiotropic effects can be
mediated by a group of proteins recognizing the modification,
including YTH domain–containing family proteins YTHDF1,
YTHDF2, YTHDF3, YTHDC1, and YTHDC2 (5, 9, 10). YTH
domain recognizes m6A via cation-pi and pi–pi interaction
enabled by an aromatic cage (11–13), which is reminiscent of
the recognition of methyl-lysine/arginine by royal family pro-
teins (14). Among these YTH proteins, YTHDF2 shares similar
sequence and domain arrangement with YTHDF1 and
YTHDF3 (overall 55.9% identity and 77.9% similarity).
YTHDF2 is ubiquitously expressed (15) and its main effect was
suggested to be promoting mRNA degradation (10, 16).
YTHDF2 is necessary for embryonic and somatic development
(15, 17). Among the three YTHDFs, YTHDF2 knockout gives
the most significant phenotype, which cannot be compensated
by the other two (15). Single-allele loss of YTHDF2 in inbred
mice causes developmental defects and is partially lethal,
indicating dosage is a limiting factor for YTHDF2 function
(17). Consistent with this notion, dysregulated expression
rather than mutation of YTHDF2 is seen in various cancer
types, which is mainly attributed with a protumor function
albeit with controversy for liver cancer (18). In prostate cancer,
YTHDF2 is overexpressed and promotes tumor growth as well
as metastasis (19, 20). Accordingly, it is important for prostate
cancer etiology to uncover potential mechanisms and biolog-
ical consequences of YTHDF2 dysregulation. Protein ubiq-
uitination regulates the function and turnover of a substrate
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Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
(21). In the past, ubiquitination was identified as a key
mechanism modulating YTHDF2 protein level (22, 23). FBW7
(22) and SKP2 (23) were suggested to exhibit E3 ligase activity
toward YTHDF2. Ubiquitination is subject to antagonizing
regulation by E3 ubiquitin ligases and deubiquitinases (24).
While E3 can transfer activated ubiquitin from E2 (ubiquitin-
conjugating enzymes) to a substrate, deubiquitinase can
remove ubiquitin through its isopeptidase activity (21). Yet, it
is not known whether any deubiquitinase can regulate
YTHDF2.

There are close to 100 deubiquitinases in the human genome,
among which OUT domain–containing ubiquitin aldehyde-
binding protein 1 (OTUB1_ belongs to the ovarian tumor
domain protease (OTU) subfamily, consisting of about 16
members (25, 26). Like most other deubiquitinases, OTUB1 is a
cysteine protease and contains three residues critical for catal-
ysis, C91, H265, and D267, referred to as the "catalytic triad" (25,
27, 28). The catalytic cysteine C91makes the nucleophilic attack
at the ubiquitin-isopeptide bond, which is assisted by the other
two residues (25). OTUB1 preferentially cleaves the K48-linked
ubiquitin chain, which typically causes protein degradation by
proteasome (27, 29). Besides the deubiquitinase/isopeptidase
activity, there is yet another noncanonical mechanism by which
OTUB1 inhibits protein ubiquitination. OTUB1 can bind and
inhibit the function of several E2s (30, 31). This noncanonical
mechanism has been shown for several different proteins, such
as DEPTOR (32), MSH2 (33, 34) and P53 (35). Through either
mechanism, OTUB1 regulates other proteins and has emerged
as a key player in development and various diseases, including
cancer (36, 37). Regarding cancer, OTUB1 has been mostly
ascribed a protumor role although discrepancy was reported in
some P53-WT cancer cells (35). In prostate cancer, OTUB1was
reported to promote cell proliferation and invasion (38, 39).
Thereof, the protein level of cyclin E1, amarker and driver of cell
proliferation, was suggested to be increased by OTUB1 (39).
However, the direct effector of OTUB1 in prostate cancer re-
mains unclear.

In this study, we find that OTUB1 binds YTHDF2 and an-
tagonizes its ubiquitination in prostate cancer cells. Conse-
quently, OTUB1 promotes the protein stability of YTHDF2,
which in turn serves as a key mediator of OTUB1 function. We
further identify protease serine S1 family member 8 (PRSS8,
also known as prostasin) as a key downstream effector of the
OTUB1–YTHDF2 axis. PRSS8 is a serine protease preferen-
tially expressed in the prostate (40), which was shown to
contribute to epithelial sodium channel activation and
epidermis development (41, 42). Intriguingly, PRSS8 gene
silencing was observed in human cancer albeit the underlying
mechanisms and biological consequences remain elusive (43).
In this study, we show PRSS8 protein level is decreased in
prostate cancer patient samples. We find that PRSS8 inhibits
prostate cancer cell proliferation independent of its protease
activity. Overexpressing PRSS8 promotes epithelial
morphology of prostate cancer cells with increased E-cadherin
protein level and decreased nuclear β-catenin level. We reveal
that YTHDF2 binds PRSS8 mRNA and promotes its degra-
dation in an m6A-dependent manner.
2 J. Biol. Chem. (2024) 300(4) 107152
Results

OTUB1 promotes YTHDF2 protein stability in prostate cancer

We set out to identify potential deubiquitinases that might
regulate YTHDF2 in prostate cancer. We cross-referenced a
list of known deubiquitinases and published YTHDF2 inter-
actome datasets. YTHDF2 was identified as a potential inter-
action partner of OTUB1 by affinity purification coupled with
mass spectrometry (44). We confirmed both exogenous and
endogenous OTUB1 interacted with YTHDF2 with coimmu-
noprecipitation (Fig 1, A and B). We then examined whether
OTUB1 regulated the YTHDF2 protein level. Knocking down
OTUB1 with shRNA specifically decreased the YTHDF2
protein level in all three prostate cancer cell lines examined
while YTHDF1 and YTHDF3 were not affected (Figs. 1C and
S1A). This effect was abolished by rescue-expressing OTUB1,
excluding it caused by the off-targeting of shRNA (Figs. 1D
and S1B). Consistently, OTUB1 overexpression (OE) increased
the YTHDF2 protein level (Figs. 1E and S1C). Next, we
explored the mechanism by which OTUB1 regulated
YTHDF2. OTUB1 knockdown (KD) did not cause change in
YTHDF2 mRNA level concordant with protein level
(Fig. S1D). With OTUB1 being a deubiquitinase, we hypoth-
esized it might regulate YTHDF2 protein stability. We treated
cells with cycloheximide (Chx) to block protein synthesis and
found OTUB1-KD indeed decreased YTHDF2 protein stability
(Figs. 1F and S1E). This effect was abolished by rescue-
expressing OTUB1, confirming it was not due to the poten-
tial off-target effect of shRNA (Fig. 1G). Consistently, over-
expressing OTUB1 increased YTHDF2 protein stability
(Fig. 1H). Collectively, these results showed OTUB1 increased
YTHDF2 protein stability in prostate cancer cells.

OTUB1 decreases YTHDF2 ubiquitination through a
noncanonical mechanism

We next examined whether the stabilization of YTHDF2 by
OTUB1 was through deubiquitination. After knocking down
OTUB1, the immunoprecipitation (IP)-Western blot (WB)
assay detected significantly increased ubiquitination levels of
endogenous YTHDF2. The ubiquitination signal was dimin-
ished in the YTHDF2-KD cell, supporting it was specifically
from YTHDF2 (Figs. 2A and S2A). To determine whether
OTUB1’s deubiquitinase activity was required to regulate
YTHDF2 ubiquitination, YTHDF2 and ubiquitin were coex-
pressed with either OTUB1 WT or mutants. The C91S mu-
tation disrupted the catalytic C91 and thus the deubiquitinase
activity of OTUB1. In contrast, the alanine mutation of D88,
not a "catalytic triad" residue, was used widely to abrogate the
E2-inhibitory effect of OTUB1 (32, 33, 35). IP-WB showed that
the C91S mutant still repressed YTHDF2 ubiquitination like
its WT counterpart, disproving the effect was through direct
deubiquitination (Fig. 2B). In contrast, the D88A mutant failed
to do so, indicating the noncanonical E2-inhibiting mechanism
was involved (Fig. 2B). Similar observation was made on
DEPTOR, which was shown to be regulated by OTUB1
through noncanonical mechanism and served as a positive
control here (Fig. S2B) (32). To further exclude OTUB1
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Figure 1. OTUB1 regulates YTHDF2 protein stability. A, 4 μgMyc-OTUB1 and FLAG-YTHDF2 plasmids were cotransfected into HEK-293T cells in a 6-cm dish.
Forty eight hours later, cells were collected for Co-IP–WBanalysis as indicated. "Input" denotes 1% inputmaterial for each IP. B, PC-3 cells were analyzedwith Co-
IP–WB as indicated. "Input" denotes 1% input material for each IP. C, OTUB1 was knocked down in PC-3 cells with shRNA. Whole-cell extracts (WCE) were then
analyzed withWB. D, shRNA-resistant Myc-OTUB1 was introduced into OTUB1-KD PC-3 cells. WCE were then analyzed withWB. E, HA-OTUB1 was expressed in
PC-3 cells.WCEwere then analyzedwithWB. F, control or OTUB1-KDPC-3 cellswere treatedwith 25μg/ml cycloheximide (Chx) for the indicated time.WCEwere
analyzed with WB. For YTHDF2, separate exposures for control and OTUB1-KD cells were presented to make the signals of "Chx 0 h" comparable and facilitate
the comparison of protein stability.G, shRNA-resistantMyc-OTUB1was rescue-expressed intoOTUB1-KD cells. Cellswere then treatedwith 25μg/ml Chx for the
indicated time. WCE were analyzed with WB. For YTHDF2, separate exposures for control, "OTUB1-KD" and "OTUB1-KD + Myc-OTUB1" cells were presented to
make the signals of "Chx 0 h" comparable and facilitate comparison of protein stability. H, Myc-OTUB1was expressed in PC-3 cells. Cells were then treated with
25 μg/ml Chx for different time. WCE were analyzed with WB. For YTHDF2, separate exposures for control and "Myc-OTUB1" cells were presented to make the
signals of "Chx 0 h" comparable and facilitate comparison of protein stability. Co-immunoprecipitation; HA, hemagglutinin; IP, immunoprecipitation; KD, knock
down; m6A, methylation of adenine N6; OTUB1, OUT domain–containing ubiquitin aldehyde-binding protein 1; PRSS8, protease serine S1 family member 8;
WB, Western blot; WCE, whole-cell extract; YTHDF2, YTH domain–containing family protein 2.

Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
deubiquitinated YTHDF2, we performed an in vitro deubi-
quitination assay by incubating ubiquitinated YTHDF2 with
recombinant OTUB1 purified from Escherichia coli. No sig-
nificant decrease in YTHDF2 ubiquitination was detected,
which further excluded direct deubiquitination (Fig. S2C). In
contrast to DEPTOR, PD-L1 had been reported to be OTUB1’s
direct substrate (45). We employed it here as another control.
In stark contrast to YTHDF2, PD-L1 was efficiently deubi-
quitinated in vitro by recombinant OTUB1 WT or D88A
(Fig. S2D). This effect on PD-L1 was diminished by C91S
mutation, also consistent with direct deubiquitination
(Fig. S2D). These results all suggested OTUB1 decreased
YTHDF2 ubiquitination through the noncanonical mecha-
nism. We next directly tested whether OTUB1 inhibited
ubiquitin transfer to YTHDF2 with an in vitro ubiquitination
reaction reported previously (33). We added recombinant
OTUB1 into an in vitro ubiquitination reaction with YTHDF2
as substrate. The result showed adding OTUB1 WT or C91S
into the reaction decreased YTHDF2 ubiquitination (Fig. 2C).
In contrast, D88A failed to do so (Fig. 2C). Consistently,
overexpressing OTUB1-D88A in vivo failed to increase
YTHDF2 protein level or protein stability, unlike its WT
counterpart (Figs. 2, D and E and S2E). Altogether, these data
demonstrated OTUB1 decreased YTHDF2 ubiquitination by
noncanonically repressing ubiquitin transfer to YTHDF2.
YTHDF2 mediates the proproliferation effect of OTUB1

OTUB1 was reported to promote prostate cancer cell prolif-
eration and invasion (38, 39), which we further confirmed in this
J. Biol. Chem. (2024) 300(4) 107152 3
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Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
study with cell counting, CCK-8, and colony-formation assay in
three different cell lines (Figs. 3, A–C and S3, A and B). We next
investigated whether the regulation of YTHDF2 mediated this
effect ofOTUB1. First, we examined the effect of YTHDF2on cell
proliferation. Cell counting, CCK-8, and colony-formation assay
all showedYTHDF2was required for cell proliferation in all three
cell lines tested, which was consistent with previous reports in
prostate cancer cells (19, 20) (Figs. 3, D–F and S3, C and D).
Importantly, introducing exogenous YTHDF2 recovered prolif-
eration of OTUB1-KD cells (Figs. 3, G and H and S3E), sup-
porting YTHDF2 as an important mediator of the proliferation-
promoting function of OTUB1.

OTUB1-YTHDF2 decreases PRSS8 mRNA level

Next, we went on to explore the potential effector down-
stream of the OTUB1–YTHDF2 axis. As changing mRNA
stability was recognized as the main effect of YTHDF2, we
analyzed published transcriptome change in YTHDF2-KD cells
and m6A RNA immunoprecipitation (RIP)-sequencing data in
PC-3 cells (19) to identify m6A-modified genes that are upre-
gulated by YTHDF2-KD. Twenty nine genes were filtered out
4 J. Biol. Chem. (2024) 300(4) 107152
based on these criteria (Table S1). We then examined with real-
time RT-PCR whether the mRNA levels of several candidate
genes were also upregulated by OTUB1-KD (Fig. S4, A–F).
These genes were chosen due to their reported connection to
cancer (46–49). This analysis pipeline identified PRSS8 as a
candidate, the mRNA level of which increased upon YTHDF2-
KD or OTUB1-KD (Figs. 4, A and B and S4, A–D). PRSS8
encodes a serine protease and its protein level in the prostate
was shown to be dozens of folds higher than in other tissues
(40). We found that the PRSS8 protein level was also increased
by YTHDF2-KD or OTUB1-KD (Figs. 4, C and D and S4, G and
H). Importantly, introducing YTHDF2 into OTUB1-KD cells
counteracted the upregulation of PRSS8 mRNA and protein,
indicating that YTHDF2 mediated the effect of OTUB1 on
PRSS8 (Figs. 4, E and F and S4I). These data identified that
PRSS8 expression was repressed by the OTUB1–YTHDF2 axis.

YTHDF2 promotes PRSS8 mRNA degradation in an m6A-
dependent manner

We found that YTHDF2 decreased PRSS8 mRNA level
(Fig. 4). We next investigated the underlying mechanism.
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Figure 3. OTUB1 promotes prostate cancer cell proliferation through YTHDF2. A, left: relative proliferation during 3 days. The proliferation of control or
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Twelve days later, cells were fixed and stained with crystal violet. In the bar graph, error bars denote the SD of three biological replicates, and all data was
normalized to the first group. p values were from one-way ANOVA. Below the bar graph shows the result of a representative experiment. KD, knock down;
OTUB1, OUT domain–containing ubiquitin aldehyde-binding protein 1; WB, Western blot; WCE, whole-cell extract; YTHDF2, YTH domain–containing family
protein 2.
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Figure 4. OTUB1-YTHDF2 regulates PRSS8 mRNA level. A, control or YTHDF2-KD cells were analyzed with real-time RT-PCR. Shown are relative PRSS8
mRNA levels normalized to β-actin. Error bars denote the SD of three technical replicates. p values were from one-way ANOVA. The result from a second
independent experiment is shown in the Fig. S4A. B, control or OTUB1-KD cells were analyzed with real-time RT-PCR. Shown are relative PRSS8 mRNA levels
normalized to β-actin. Error bars denote the SD of three technical replicates. p values were from one-way ANOVA. The result from a second independent
experiment is shown in the Fig. S4B. C, WCE of Control or YTHDF2-KD PC-3 cells were analyzed with WB. D, WCE of control or OTUB1-KD PC-3 cells were
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PRSS8, protease serine S1 family member 8; WB, Western blot; WCE, whole-cell extract; YTHDF2, YTH domain–containing family protein 2.

Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
YTHDF2 was shown to bind mRNA and promote its degra-
dation in an m6A-dependent manner (10). We performed RIP
with YTHDF2 antibody to examine whether YTHDF2 bound
to PRSS8 mRNA. The result showed PRSS8 mRNA was pulled
down by YTHDF2 antibody in contrast to nonspecific IgG
(Figs. 5A and S5, A and B), indicating YTHDF2 binds PRSS8
mRNA. Two experiments were performed to examine whether
such binding is dependent on m6A modification. Firstly, RIP
was performed with YTHDF2 antibody in METTL14-KD cells.
The result showed that METTL14-KD decreased the binding
between YTHDF2 and PRSS8 mRNA (Figs. 5B and S5, C and
D). Secondly, RIP was performed for both YTHDF2 WT and
W432A/W486A (W/A). As YTHDF2 recognized m6A
through an aromatic cage comprising W432 and W486, W/A
mutant was used to abolish YTHDF2 binding to m6A. The RIP
result showed that the YTHDF2-W/A mutant had a dimin-
ished ability to bind PRSS8 mRNA (Figs. 5C and S5, E and F).
These two RIP experiments together showed YTHDF2-bound
PRSS8 mRNA in an m6A-dependent manner. We then treated
cells with RNA synthesis inhibitor actinomycin for different
time to examine whether YTHDF2 regulated PRSS8 mRNA
stability. The result showed that YTHDF2-KD increased the
stability of PRSS8 mRNA (Figs. 5D and S5, G and H).
Importantly, the m6A level of PRSS8 mRNA was increased by
6 J. Biol. Chem. (2024) 300(4) 107152
knocking down OTUB1 or YTHDF2 (Figs. 5E and S5I). This
indicated degradation of m6A-modified PRSS8 mRNA,
compared to its nonmodified counterpart, was preferentially
promoted by OTUB1 and YTHDF2. We reasoned if the effect
of YTHDF2 on PRSS8 mRNA was through m6A recognition, it
would be disrupted by W432A/W486A mutation. The result
indeed showed W/A mutant failed to decrease the PRSS8
mRNA or protein level, in contrast to the YTHDF2 WT
(Figs. 5F and S5, J and K). We further compared the effect of
YTHDF2-WT on PRSS8 m6A level with that of W/A mutant.
RIP with m6A antibody showed YTHDF2-WT preferentially
promoted degradation of m6A-modified PRSS8 mRNA, while
such effect was diminished for the YTHDF2-W/A mutant
(Figs. 5G and S5, L and M). We further reasoned, that if m6A
promoted PRSS8 mRNA degradation, PRSS8 expression
should respond to change in m6A methyltransferase or
demethylases. Indeed, PRSS8 expression was increased by
knocking down METTL14, an indispensable component of the
m6A methyltransferase complex (Figs 5H and S5N). Consis-
tently, PRSS8 expression was decreased by knocking down
m6A demethylase, FTO or ALKBH5 (Figs. 5, I and J and S5, O
and P). Collectively, these data showed YTHDF2 bound to
PRSS8 mRNA and promoted mRNA degradation in an m6A-
dependent manner.
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Figure 5. OTUB1-YTHDF2 regulates PRSS8 in an m6A-dependent manner. A, cell lysates were subject to RNA immunoprecipitation (RIP) with YTHDF2
antibody or nonspecific IgG. Immunoprecipitated RNA was then analyzed with real-time RT-PCR. Shown are levels of PRSS8 mRNA immunoprecipitated as
normalized to 1% input. The companion WB results show the immunoprecipitation efficiency. Error bars denote the SD of three technical replicates. p values
were from one-way ANOVA. "Input" denotes 1% input. The result from a second independent experiment is shown in the Fig. S5A. B, control or METTL14-KD
cell lysates were subject to RNA immunoprecipitation (RIP) with YTHDF2 antibody or nonspecific IgG. Immunoprecipitated RNA was then analyzed with real-
time RT-PCR. Shown are the relative PRSS8 mRNA levels as first normalized to 1% "input" in each group and then normalized to the IgG group. The
companion WB results show the immunoprecipitation efficiency. Error bars denote the SD of three technical replicates. p values were from unpaired t test.
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were subject to RIP with YTHDF2 antibody or nonspecific IgG. Shown are relative PRSS8 mRNA levels as first normalized to 1% “input” in each group and
then normalized to the IgG group. The companion WB results show the immunoprecipitation efficiency. Error bars denote the SD of three technical
replicates. p values were from unpaired t test. "Input" denotes 1% input. The result from a second independent experiment is shown in the Fig. S5E. D,
control or YTHDF2-KD cells were treated with 5 μg/ml actinomycin for different time. Cells were analyzed with real-time RT-PCR. Shown are the relative
PRSS8 mRNA levels normalized to β-ACTIN. Error bars denote the SD of three technical replicates. p values were from two-way ANOVA. The result from a
second independent experiment is shown in the Fig. S5G. E, control and YTHDF2-KD or OTUB1-KD cells were subject to RIP with m6A antibody. Immu-
noprecipitated RNA was analyzed with real-time RT-PCR. Shown are relative PRSS8 mRNA levels as first normalized to "input" in each group and then
normalized to control cells. Error bars denote the SD of three technical replicates. p values were from unpaired t test. The result from a second independent
experiment is shown in the Fig. S5I. F, YTHDF2 WT or W432A/W486A mutant was expressed in PC-3 cells. Cells were then analyzed with real-time RT-PCR
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Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
PRSS8 suppresses prostate cancer cell proliferation

PRSS8 was previously suggested to be a candidate tumor
suppressor (50–57), but its role in prostate cancer remains
unclarified. We compared the levels of PRSS8 in prostate
cancer samples and paired normal samples with immuno-
histochemistry. The result showed that PRSS8 level was
significantly lower in prostate cancer samples (Fig. 6A). We
then examined whether PRSS8 regulated prostate cancer cell
proliferation like OTUB1 and YTHDF2. Cell counting, CCK-8
assay, and colony-formation assay all showed that PRSS8 OE
decreased prostate cancer cell proliferation (Figs. 6, B–D and
S6, A and B). Consistently, PRSS8-KD increased prostate
cancer cell proliferation (Figs. 6E and S6C). We further
examined the effect in mouse models. First, we inoculated
human PC3 cells into immuno-deficient mice. The result
showed that PRSS8 OE significantly decreased tumor growth
(Fig. 6, F and G). In addition, we inoculated mouse prostate
cancer RM-1 cells to syngeneic C57BL/6 mice. The result
again showed tumor growth was decreased by PRSS8 (Fig. 6,
H and I). We went on to investigate how PRSS8 might
regulate prostate cancer cell proliferation. We first examined
whether the protease activity of PRSS8 was required by
mutating the catalytic serine to alanine (58). The results from
CCK-8 assay, cell counting, and colony-formation assay all
showed this mutant inhibited cell proliferation to a similar
extent with the wild-type (Figs. 6, J and K and S6, D–F).
Collectively, these data indicate that PRSS8 inhibits prostate
cancer cell proliferation in a protease activity-independent
manner.

PRSS8 inhibits cell proliferation through the E-cadherin/β-
catenin pathway

Intrigued by the potential mechanism of how PRSS8
repressed prostate cancer cell proliferation, we noticed
PRSS8 OE changed the cell morphology from mesenchymal
to epithelial-like with tighter cell–cell adhesion and less
protrusion (Fig. S7A). Consistently, in both DU145 and PC-
3 cells, WB detected a significant increase in E-cadherin
protein level, a widely used marker for epithelial cells
(Fig. S7B). In contrast, PRSS8-KD decreased the E-cadherin
level (Fig. S7C). To mediate cell–cell adhesion, E-cadherin
needs to localize to the plasma membrane. Indeed, immu-
nofluorescence analysis detected significant increase in
E-cadherin localization onto the plasma membrane in cells
overexpressing PRSS8-WT or PRSS8-S238A (Fig 7A). Such
an increase in E-cadherin was also confirmed in xenografts
originating from PRSS8-overexpressing cells (Fig. 7B).
Consistently, in TCGA prostate cancer cohort, PRSS8 posi-
tively correlated with E-cadherin protein level (Fig. 7C).
(left) or WB (right). Error bars denote the SD of three technical replicates. p v
experiment is shown in the Fig. S5J. G, YTHDF2 WT or W432A/W486A mutant
Immunoprecipitated RNA was analyzed with real-time RT-PCR. Shown is rel
normalized to the control group. Error bars denote the SD of three technical
independent experiment is shown in the Fig. S5L. H, METTL14 was knocked
associated protein was knocked down with shRNA. WCE were analyzed with W
KD, knock down; m6A, methylation of adenine N6; OTUB1, OUT domain–conta
member 8; WB, Western blot; WCE, whole-cell extract; YTHDF2, YTH domain–
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Real-time RT-PCR indicated mRNA level of E-cadherin was
not significantly changed by PRSS8 (Fig. S7D). Instead, the
Chx treatment indicated that E-cadherin protein stability
was increased by PRSS8 (Figs 7D and S7E). Of note,
E-cadherin is not only an epithelial marker but also a po-
tential tumor suppressor. E-cadherin sequesters β-catenin, a
master oncogenic transcription coactivator, from entering
the nucleus (59). Loss of E-cadherin expression is common
in cancer (59, 60). Without E-cadherin, β-catenin localizes to
the nucleus and initiates a protumor transcription program
(61). So, we examined the β-catenin protein level in the cell
nucleus after subcellular fractionation. The result showed
that β-catenin localization to the nucleus was indeed
decreased by PRSS8 (Fig. 7E). Immunofluorescence analysis
on tumor sections from PRSS8-OE xenograft also detected
decreased nuclear localization of β-catenin (Fig. 7F). We
next examined whether the correlation between PRSS8 and
β-catenin activity also existed in clinic samples. TCGA
prostate cancer samples were divided into "PRSS8 high" and
"PRSS8 low" groups and differential gene expression analysis
was performed. Subsequent gene set enrichment analysis
(GSEA) on the result showed the β-catenin pathway was
downregulated in the "PRSS8 high" group (Fig. 7G). As
another parametric measurement of β-catenin activity, the
β-catenin activation score as defined previously was adopted
(62). Analysis again showed PRSS8 negatively correlated with
β-catenin activation score in TCGA prostate cancer samples
(Fig. 7H). We then examined whether the effect of PRSS8 on
β-catenin was indeed mediated by E-cadherin. We overex-
pressed PRSS8 in E-cadherin KD cells. The result showed
that E-cadherin KD diminished the effect of PRSS8 on
β-catenin (Figs 7I and S7F). Altogether these results show
that the E-cadherin/β-catenin pathway is involved in the cell
proliferation inhibition by PRSS8.
PRSS8 mediates the effect of OTUB1-YTHDF2 on prostate
cancer cell proliferation

We further determined whether the decrease in PRSS8
mediated the effect of OTUB1 and YTHDF2 on prostate
cancer cell proliferation. In YTHDF2-KD cells, suppressing
PRSS8 partially restored cell proliferation as shown by CCK-8
assay and colony-formation assay (Figs. 8, A and B and S8, A
and B). β-catenin nuclear localization was found to be
decreased by PRSS8 (Fig. 7). Consistently, here in YTHDF2-
KD cells, we found β-catenin localization to the nucleus was
also decreased, which was largely restored upon PRSS8 KD
(Fig. S8C). These results showed that PRSS8 was a key medi-
ator of YTHDF2’s effects on cell proliferation and β-catenin
cytoplasm/nuclear distribution. As in YTHDF2-KD cells,
alues were from one-way ANOVA. The result from a second independent
was expressed in PC-3 cells. Cells were subject to RIP with m6A antibody.

ative PRSS8 mRNA as first normalized to "input" in each group and then
replicates. p values were from one-way ANOVA. The result from a second
down with shRNA. WCE were analyzed with WB. I, fat mass and obesity-
B. J, ALKBH5 was knocked down with shRNA. WCE were analyzed with WB.
ining ubiquitin aldehyde-binding protein 1; PRSS8, protease serine S1 family
containing family protein 2.
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Figure 6. PRSS8 is a tumor suppressor gene in prostate cancer. A, 17 prostate sample slides containing both cancer tissue and adjacent normal tissue
were analyzed with immunohistochemistry (IHC) with PRSS8 antibody. The left shows representative images from a representative slide. On the right, IHC
results for normal tissues and cancer tissues were scored separately. The p value was from paired t test. B, PRSS8 was overexpressed in PC-3 cells. Shown on
the left is the relative proliferation over 4 days as analyzed with cell counting. Error bars denote the SD of four biological replicates. p values were from
unpaired t test. Shown on the right are WB results. C, PRSS8 was overexpressed in PC-3 cells. Cell proliferation during 4 days was analyzed with CCK-8. D, 500
control or PRSS8-overexpressing PC-3 cells were seeded into 3.5 cm dishes. Fourteen days later, cells were fixed and stained with crystal violet. In the bar
graph, error bars denote the SD of three biological replicates, and all data was normalized to the control group. p values were from unpaired t test. Below
the bar graph shows the result of a representative experiment. E, PRSS8 was knocked down in PC-3 cells. Cell proliferation was analyzed with CCK-8 over
4 days. Error bars denote the SD of six biological replicates. p values were from two-way ANOVA. F, 4 × 106 control or PRSS8-overexpressing PC-3 cells were
inoculated to immuno-deficient mice. Shown are the tumor growth curves. Error bars denote the SD of nine mice. p values were from two-way ANOVA. G,
PC-3 xenograft tumors from mice as in (F) were collected at the endpoint, photographed (left) and weighed (right). The p value was from unpaired t test. H,
5 × 105 control or PRSS8-overexpressing RM-1 cells were inoculated to syngeneic C57BL/6 mice. Shown on the left are the tumor growth curves. Error bars
denote the SD of seven mice. p values were from two-way ANOVA. Shown on the right are WB results. I, RM-1 xenograft tumors from mice as in (H) were
collected at the endpoint, photographed (left) and weighed (right). The p value was from unpaired t test. J, PRSS8 WT or S238A mutant was expressed in PC-
3 cells. Shown on the left are cell growth curves during 4 days. Cell proliferation was analyzed with CCK-8. Error bars denote the SD of six biological
replicates. p values were from two-way ANOVA. Shown on the right are WB results. K, PRSS8 WT or S238A mutant was expressed in PC-3 cells. One thousand
control or PRSS8-overexpressing cells were seeded into 3.5 cm dishes. Twenty two days later, cells were fixed and stained with crystal violet. In the bar
graph, error bars denote the SD of three biological replicates, and all data was normalized to the first group. p values were from one-way ANOVA. Below the
bar graph shows the result of a representative experiment. PRSS8, protease serine S1 family member 8; WB, Western blot.
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Figure 7. PRSS8 inhibits cell proliferation through the E-cadherin/β-catenin pathway. A, PRSS8 WT or S238A mutant was expressed in DU145 cells.
Cells were analyzed with immunofluorescence with E-cadherin antibody, while nuclei were counterstained with DAPI. B, WCE were generated from
Xenograft tumors from mice as in (Fig. 6, G and I). Shown are WB results. C, linear regression analysis for the correlation between PRSS8 and E-cadherin
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PRSS8 "high" and "low" groups. Then differential gene expression analysis was performed to sort the genes based on the fold of change. GSEA analysis for
the enrichment of β-catenin target genes was then performed. H, linear regression analysis for the correlation between PRSS8 level and β-catenin activation
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Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
similar effect of PRSS8-KD on cell proliferation was also
detected in OTUB1-KD cells as evidenced by cell counting,
CCK-8 and colony-formation assay (Figs. 8, C–E and S8, D and
E). These results collectively supported that PRSS8 is a key
effector of OTUB1-YTHDF2.
10 J. Biol. Chem. (2024) 300(4) 107152
Discussion

OTUB1 antagonizes YTHDF2 ubiquitination

As a critical mediator of m6A function, YTHDF2 is neces-
sary for normal development, while dysregulation of YTHDF2
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Figure 8. YTHDF2 and OTUB1 promote prostate cancer cell proliferation through PRSS8. A, PRSS8 was knocked down in control or YTHDF2-KD PC-
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Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2

J. Biol. Chem. (2024) 300(4) 107152 11



Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
contributes to multiple diseases including cancer (63). Regu-
lation of the YTHDF2 protein level has proven critical for its
biological function. Loss of a single allele of YTHDF2 in mice
causes developmental defects and is partially lethal in inbred
mice (17). On the other hand, OE of YTHDF2 plays a key role
in various cancer types. Accordingly, recent studies have
highlighted the mechanisms regulating the YTHDF2 protein
level. YTHDF2 expression is subject to regulation at tran-
scriptional, posttranscriptional, and posttranslational levels
(20, 22, 23, 64–69). At the posttranslational level, phosphor-
ylation, O-GlcNAcylation, and ubiquitination can regulate
YTHDF2 protein stability (22, 23, 67, 68). Ubiquitination is
generally considered dynamic and reversible. SKP2 and FBW7
can promote the ubiquitination of YTHDF2 as E3 ligases (22,
23). However, it remains elusive whether any deubiquitinase
regulates YTHDF2. In this study, we uncover that OTUB1 is a
key guardian for YTHDF2 protein stability. We demonstrate
that OTUB1 represses YTHDF2 ubiquitination through a
noncanonical mechanism, which is inhibiting ubiquitin
transfer to YTHDF2. Several other proteins are regulated by
OTUB1 through this mechanism (31). Interestingly, all of
them were identified to interact with OTUB1, which might
imply a mechanism for fine-tuning the specificity of OTUB1’s
noncanonical activity (31). Yet it remains unproven whether
interaction with OTUB1 is indeed necessary for inhibition of
ubiquitination. Such uncertainty could be resolved in the
future by OTUB1 mutants that have specifically lost interac-
tion with substrates. Importantly, as OTUB1 is overexpressed
in multiple cancer types (36, 70), our study sheds mechanistic
insight into the OE of YTHDF2 in cancer (Fig. 8F).
PRSS8 is a critical mediator of YTHDF2 function in prostate
cancer

Cancer consists of a broad spectrum of highly diverse and
heterogeneous diseases. Different cancer types may have
different etiology and drivers. Consistently, different effectors
of YTHDF2 have been identified in various cancer types. In this
study, we identify PRSS8 as a key effector of YTHDF2 in
prostate cancer cells. The significance of PRSS8 was previously
shown in epithelial sodium channel activation and epidermis
development (41, 42). Loss of Prss8 in mice leads to lethality
within 60 h after birth due to dehydration and dysfunctional
skin (41), which was suggested to be independent of its pro-
tease activity (71–73). Besides, a potential role of PRSS8 in
cancer was implicated by its loss of expression in several cancer
types (50–57). Loss of PRSS8 expression was partially attrib-
uted to DNA hypermethylation in bladder cancer, esophageal
cancer, and breast cancer (50, 74, 75). A decrease in PRSS8 was
observed in metastatic and castration-resistant prostate cancer
as well (76, 77). However, the mechanism is not known. In this
study, we find that PRSS8 expression is suppressed by the
OTUB1–YTHDF2 axis. We show that YTHDF2 binds PRSS8
mRNA and promotes its degradation in an m6A-dependent
DUB activity, which protects YTHDF2 from degradation. YTHDF2 in turn can
liferation. m6A, methylation of adenine N6; OTUB1, OUT domain–containin
member 8; WB, Western blot; KD, knock down; WCE, whole-cell extract; YTHD
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manner. We further show a decrease in PRSS8 underlies the
proproliferation by OTUB1-YTHDF2. This work not only
uncovers a mechanism for decreased PRSS8 expression in
prostate cancer but also highlights PRSS8 as a key mediator of
OTUB1-YTHDF2 function in prostate cancer (Fig. 8F).

PRSS8 suppresses prostate cancer cell proliferation
Although loss of PRSS8 expression was reported in prostate

cancer (76, 77), it remains unclear how PRSS8 affects prostate
cancer cell biology. In this study, we first validate with paired
normal and prostate cancer samples that PRSS8 expression is
decreased in prostate cancer. We further show that PRSS8 in-
hibits prostate cancer cell proliferation with both cell culture
and xenograftmodels.Mechanistically, wefindPRSS8 promotes
the epithelial morphology of prostate cancer cells, increases E-
cadherin on the plasma membrane and decreases β-catenin in
the cell nucleus. These findings corroborate that PRSS8 has a
tumor-suppressive role in prostate cancer and implicate E-
cadherin/β-catenin in the function of PRSS8. β-catenin func-
tions both as a cell adherent junction protein and a coactivator
for TCF-family transcription factors (78). As a coactivator, β-
catenin promotes transcription of a protumor gene network.
Aberrant activation of β-catenin contributes to the development
and progression of various cancer types (79). Genomicmutation
can contribute to β-catenin dysregulation in cancer. β-catenin is
targeted by the anaphase promoting complex (APC) complex
for proteasomal degradation, while mutations of APC or β-
catenin disabling thismechanism are seen inmany cancer types,
including colorectal cancer and hepatocellular carcinoma (79).
In addition, β-catenin is activated by other oncogenic signals. In
prostate cancer, mutation of APC or β-catenin is not common.
However, β-catenin clearly plays a role in prostate cancer
development and progression. Knocking out APC or exon 3 of
β-catenin leads to β-catenin activation and consequently pros-
tate epithelial hyperplasia or prostate cancer (80). When com-
bined with loss of phosphatase and tensin homolog, these mice
develop invasive prostate cancer (81). Besides cell proliferation,
β-catenin also promotes prostate cancer metastasis and resis-
tance to castration, which is the major cause of prostate cancer-
associated death (1, 82, 83). Accordingly, β-catenin is a prom-
ising target for cancer therapy. Nevertheless, β-catenin itself can
be challenging to target (84). Alternatively, targeting pathways
that lead to β-catenin activation may achieve similar effects. In
this study, we find the OTUB1–YTHDF2–PRSS8 axis can
promote the activation of β-catenin through repressing E-cad-
herin. This study provides insight into the mechanism of β-
catenin activation in prostate cancer as well as β-catenin tar-
geting drug discovery (81).

Experimental procedures

Cell culture

Androgen receptor-negative prostate cancer cell lines PC-3
(#CL-0185), DU145 (#CL-0075), and androgen-independent
bind PRSS8 mRNA and promotes its degradation, which increases cell pro-
g ubiquitin aldehyde-binding protein 1; PRSS8, protease serine S1 family
F2, YTH domain–containing family protein 2.



Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
prostate cancer cell 22RV1 (#CL-0004) were purchased from
Procell Life Science & Technology Co, Ltd and authenticated
with short tandem repeat. HEK-293T cell was from Dr Shuguo
Sun’s Lab. The culture medium for PC-3 cell was Ham’s F-12K
(Procell Life Science & Technology Co, Ltd #PM150910)
supplemented with 10% fetal bovine serum (PAN Biotech
#ST30-3302). The culture medium for DU145 cell was mini-
mum essential medium (Procell Life Science & Technology
Co, Ltd #PM150410) supplemented with 10% fetal bovine
serum. The culture medium for 22RV1 cell was RPMI-1640
(Procell Life Science & Technology Co, Ltd #PM150110)
supplemented with 10% fetal bovine serum. The culture me-
dium for HEK-293T cell was Dulbecco’s modified Eagle’s
medium (Gibco #12800082) supplemented with 10% fetal
bovine serum. Cells were cultured in a 37 �C incubator in 5%
CO2.

Western Blot

WB was performed as we described before (85, 86). Briefly,
all protein samples were prepared in 1x loading buffer
(62.5 mM Tris-Cl PH6.8, 2% SDS, 10% glycerol, 5% β-mer-
captoethanol, 0.002% bromophenol blue) and then separated
with SDS-PAGE. Afterward, the protein was blotted to a
polyvinylidene fluoride membrane (Millipore #IPVH00010).
polyvinylidene fluoride membranes were then incubated with
primary antibodies and horseradish peroxidase (HRP)-conju-
gated secondary antibodies. Primary antibodies used are as
follows: OTUB1 (Cell Signaling Technology #3783), YTHDF2
(Cell Signaling Technology #80014 for Figs. 1C and S1A,
Proteintech #24744-1-AP for all the others), PRSS8 (Abcam
#185236), GAPDH (Abclonal #AC033), β-actin (Abclonal
#AC026), E-cadherin (BD Transduction Laboratories#610182),
β-catenin (Cell Signaling Technology #9562), histone H3
(Abcam #ab1791), ubiquitin (Santa Cruz #sc-8017), YTHDF1
(Cell Signaling Technology #86463), YTHDF3 (Santa Cruz
#sc-377119), METTL14 (Cell Signaling Technology #51104),
ALKBH5 (Abcam #195377), FTO (Cell Signaling Technology
#31687), hemagglutinin (HA)-tag (Cell Signaling Technology #
3724), FLAG-tag (Sigma #A8592), Myc-Tag (Santa Cruz #sc-
40 for Figs. 1H, 2B, and S5E, Proteintech #16286-1-AP for all
others). Secondary antibodies used include HRP-conjugated
goat anti-rabbit IgG (H + L) (Jackson ImmunoResearch
#111-035-144), HRP-conjugated goat anti-mouse IgG (H + L)
(Jackson ImmunoResearch #115-035-062), HRP-conjugated
monoclonal mouse anti-Rabbit IgG (light chain–specific)
(Jackson ImmunoResearch #211-032-171), and HRP-
conjugated goat anti-mouse IgG (light chain–specific) (Jack-
son ImmunoResearch #115-035-174).

Coimmunoprecipitation

Coimmunoprecipitation was performed as we previously
reported (85, 86). Briefly, adherent cells were washed with cold
PBS twice and then lysed in IPE150 buffer (20 mM Hepes pH
7.5, 150 mM NaCl, 0.5% NP40, 10% Glycerol). The cell lysate
was cleared by centrifugation. The supernatant was then
incubated with primary antibodies at 4 �C with rotation.
Afterward, the antibody–antigen complex was captured with
protein A/G-conjugated agarose beads (TransGen Biotech
#DP501-01). Antibodies used for IP are YTHDF2 (Proteintech
#24744-1-AP), OTUB1 (Cell Signaling Technology #3783) and
Myc-Tag (Santa Cruz #sc-40). For FLAG-tag, anti-FLAG
antibody-conjugated agarose beads (Sigma #A2220) were used
for IP. Afterward, beads were washed three times with IPE150
buffer and protein was dissolved into 1x loading buffer for WB
analysis.
Reverse transcription

Briefly, total RNA was extracted with TRIzol (Invitrogen
#15596026) as the manufacturer recommended. Briefly, after
medium removal, cells were lyzed in TRIzol. Then, 200 μl of
chloroform per 1 ml of TRIzol was added to lysate and mixed
thoroughly. After incubation at RT for 15 min, the mixture
was centrifuged at 12,000 rpm for 15 min at 4 �C. Then su-
pernatant was taken and mixed with equal volume of iso-
propanol to precipitate RNA. The mixture was then incubated
for 10 min at RT followed by centrifugation at 12,000 rpm for
10 min at 4 �C. The supernatant was removed and the RNA
pellet was washed twice with ice-cold 75% ethanol. RNA was
then dried at RT and dissolved in nuclease-free water. The
concentration and purity of RNA were measured with a
NanoDrop One microvolume spectrometer (Thermo Fisher
Scientific #701-058112). A260/A280 is typically within the
range of 1.9 to 2.1 and A 260/230 is typically larger than 2.0.
Approximately, 25 μg total RNA per million cells could be
extracted from PC-3, 22RV1, and DU145 cells. One micro-
gram RNA was then treated with DNase I (Thermo Fisher
Scientific #EN0521) at 37 �C for 30 min to remove DNA
contamination according to the manufacturer’s instructions.
Reverse transcription was typically performed right away with
random primers and the ReverTra Ace quantitative real-time
PCR RT-Kit (Toyobo #FSQ-101) as the manufacturer recom-
mended. Briefly, decontaminated RNA was first mixed with
0.5 μg random primer, heated at 70 �C for 5 min, and then
chilled on ice immediately. Next, 5x RT Buffer, RT Enzyme
and nuclease-free water were added to the samples and mixed
well. The RT reaction was carried out at 25 �C for 10 min, 37
�C for 15 min, and then terminated at 98 �C for 5 min.
complementary DNA was stored at −20 �C.
Real-time PCR

Real-time PCR was performed with SYBR green real-time
PCR Master Mix (Toyobo #QPK-201) on a CFX connect
real-time PCR machine (Bio-Rad) as the manufacturer sug-
gested. The amplification condition was as follows: initial
denaturation at 95 �C for 3 min, followed by 40 cycles of 95 �C
for 10 s, 55 �C for 30 s, and 72 �C for 15 s. PCR amplification
efficiency was calculated by LinRegPCR (87). The sequences,
expected product length, and amplification efficiency of PCR
primers are all listed in Table S2.
J. Biol. Chem. (2024) 300(4) 107152 13
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KD and rescue expression

KD and rescue-expression were performed as we reported
previously (85, 86). Briefly, KD was achieved with shRNA
expressed by pLKO vector–based lentivirus transduction.
Sense and antisense oligos were synthesized, annealed, and
ligated to the pLKO vector linearized with EcoRI/AgeI. All
other plasmids were made by ligating digested PCR products
to vectors digested with compatible restriction enzymes. All
PCR inserts were verified by Sanger sequencing. Used oligo
sequences are listed in Table S2.

shRNA resistance was achieved by introducing synonymous
mutation to the shRNA-targeting sequence. The sequences
used are "acAacAaaCccAcaTatT" for OTUB1 and "TCcta-
TAGCgaAgaTgaCatCcaT" for YTHDF2 where capital letters
denote synonymous mutation.

In vivo ubiquitination assay

For exogenous YTHDF2, 2.6 μg FLAG-YTHDF2 was
cotransfected with 2.6 μg HA-ubiquitin and 2.6 μg Myc-
OTUB1 into HEK-293T cells in a 6-cm dish. Two days later,
cells were treated with 10 μM MG132 (MedChemExpress
#HY-13259) for 4 h before collection into IPE150. The cell
lysate was cleared by centrifugation and incubated with anti-
FLAG antibody–conjugated agarose beads (Sigma #A2220)
with rotation for 4 h at 4 �C. Beads were then washed with
IPE1000 (20 mM Hepes pH 7.5, 1000 mM NaCl, 0.5% NP40,
10% glycerol) three times, 5 min each time. Afterward,
immunoprecipitate was mixed with 1x loading buffer and
analyzed with WB. For endogenous YTHDF2, the procedure
was similar except the YTHDF2 antibody (Proteintech
#24744-1-AP) and protein A/G–conjugated agarose beads
(TransGen Biotech #DP501-01) were used for IP.

In vitro ubiquitination assay

Each 100 μl in vitro ubiquitination reaction contains 1x
ubiquitination reaction buffer (25 mM Tris-Cl [pH 7.6],
2.5 mM MgCl2, 0.1 mM DTT), 4 mM ATP, 5 μg recombinant
His-ubiquitin, 5 μg recombinant His-OTUB1, 70 μg HEK-
293T cell lysate and immunopurified FLAG-YTHDF2. Com-
ponents were prepared as follows. His-tagged OTUB1-WT,
D88A, or C91S and His-ubiquitin were cloned into pET28A
vector. The recombinant protein was expressed and purified
from codon-plus E. coli strain (2nd Lab # EC1007S). HEK-
293T cells were transfected with FLAG-YTHDF2 and
collected into IPE150 2 days later. FLAG-YTHDF2 was
immunopurified with anti-FLAG antibody–conjugated agarose
beads (Sigma #A2220). Reactants were mixed and incubated at
37 �C for 2 h with rotation. Afterward, the reaction was
terminated with 5x loading buffer and analyzed with WB.

In vitro deubiquitination assay

Each in vitro deubiquitination reaction contains 3 μg re-
combinant His-OTUB1 and immunopurified substrate
(FLAG-YTHDF2 or Myc-PD-L1). The reaction was brought
up to 40 μl with BC50 (20 mM Hepes pH 7.9, 50 mM NaCl,
10% glycerol). His-OTUB1 was purified from E. coli as
14 J. Biol. Chem. (2024) 300(4) 107152
described above. FLAG-YTHDF2 (or Myc-PD-L1) was
cotransfected with HA-ubiquitin into HEK-293T cells. Cells
were treated 2 days later with 10 μM MG132 for 4 h and then
collected into IPE150 supplemented with 10 mM N-ethyl-
maleimide. The cell lysate was cleared by centrifugation.
FLAG-YTHDF2 was immunoprecipitated with anti-FLAG
antibody–conjugated agarose beads (Sigma #A2220). Myc-
PD-L1 was immunoprecipitated with Myc-tag antibody
(Santa Cruz #sc-40) and protein A/G–conjugated agarose
beads (TransGen Biotech #DP501-01). Reactants were mixed
well and incubated with rotation at 30 �C for 2 h. The re-
action was terminated with 5x loading buffer and analyzed
with WB.
YTHDF2 RIP

RIP was performed as previously reported with minor
modifications (88). Briefly, 1 × 107 cells were washed with
cold PBS twice and then lysed in 500 μl IPE150 supple-
mented with 200 U/ml RNase inhibitor (Promega #N2515).
The cell lysate was cleared by centrifugation and the su-
pernatant was incubated with 2 μg YTHDF2 antibody
(Proteintech #24744-1-AP). Immunocomplex was captured
with protein-A/G magnetic beads (MedChemExpress #HY-
K0202). Beads were then washed with IPE150 supplemented
with 100 U/ml RNase inhibitor (Promega #N2515) three
times, 5 min each time. Then beads were aliquoted into two
parts. One part was used for RNA extraction with TRIzol
(Invitrogen #15596026) as the manufacturer suggested. Pu-
rified RNA was then subject to analysis with reverse tran-
scription and real-time PCR. The other part of the
immunoprecipitated material was then dissolved with 1x
loading buffer for WB analysis.
m6A RIP

m6A RIP was performed as previously described with minor
modifications (89). Total RNA of 2 × 107 cells was extracted
with TRIzol (Invitrogen #15596026) as the manufacturer rec-
ommended. mRNA was then isolated from total RNA with
PolyATtract mRNA isolation systems IV (Promega #Z5310) as
the manufacturer suggested. Three micrograms mRNA was
then incubated with premixed 5 μg m6A antibody (Cell
Signaling Technology #56593) and 25 μl protein A/G–conju-
gated magnetic beads (MedChemExpress #HY-K0202) at 4 �C
for 1 h with gentle rotation. Afterward, beads were washed
with methylated RNA immunoprecipitation buffer (10 mM
Tris pH 7.4, 150 mM NaCl, 0.1% NP-40, 100 U/ml RNase
inhibition). TRIzol was then added to extract RNA. The pu-
rified RNA was then subject to analysis with reverse tran-
scription and real-time PCR.
RNA stability assay

Cells were treated with 5 μg/ml actinomycin D (MedChe-
mExpress #HY-17559) to block transcription for different
time. Cells were directly lysed with TRIzol (Invitrogen
#15596026) and total RNA was extracted as the manufacturer



Deubiquitinase OTUB1 stabilizes the m6A reader YTHDF2
recommended. RNA was then subject to reverse transcription
and complementary DNA was analyzed with real-time PCR.

Subcellular fractionation

Subcellular fractionation was performed exactly as we
described before (85, 86). Briefly, cells were first resuspended
in hypotonic buffer (10 mM Hepes pH 7.9, 10 mM KCl,
0.5 mM DTT, 1.5 mM MgCl2). Afterward, NP40 was added to
0.2% final concentration and cells were vortexed vigorously to
break the plasma membrane. Cells were then centrifuged with
the pellet being nuclei and the supernatant being cytoplasm.
Cytoplasmic and nuclear fractions were analyzed with WB.

Cell proliferation assay: CCK8 and cell counting

CCK8 assay was performed with a CCK-8 kit (MedChe-
mExpress #HY-K0301) as the manufacturer recommended.
Briefly, 1 × 103 cells were seeded into each well of a 96-well
plate with 200 μl complete medium. Ten microliters CCK-8
was added to each well and incubated for 1 h. Optical
absorbance at 450 nm was then measured with a Multiskan
GO UV/Visible spectrophotometer (Thermo Fisher Scientific
#51119300).

For cell counting, the same amount of cells were seeded into
3.5 cm dishes. Cells were counted 4 days later.

Clonogenesis

Cells were trypsinized and resuspended. A total of 1 ×
103 cells were then seeded into each 3.5 cm dish. Cells were let
grow for 2 weeks and the culture medium was refreshed every
week. Afterward, cells were washed with PBS twice and fixed
with methanol for 5 min. Then cells were stained with crystal
violet (0.5% dissolved in methanol) for 10 min. Afterwards, the
staining solution was discarded and cells were washed with
distilled water five times. The dishes were let dry in the air and
photos were later captured with a document scanner (Epson
Perfection V550). Photos were then analyzed with the FIJI
(https://imagej.net/software/fiji/) software package. First, im-
ages were turned into 8 bit. Then, the image color was
inverted. Afterward, the background was subtracted with the
rolling ball method. Then images were converted into binary
files with the "dark background" option selected. Finally, the
total area of colonies was measured with the "measure" tool.
The same parameters were used across images.

Mouse xenograft

All animal studies were conducted at the animal facility of
Huazhong University of Science and Technology and approved
by the ethics committee of Tongji Medical College. A total
of 4 × 106 control or PRSS8-overexpressing cells were resus-
pended in 1:1 mixture of PBS and matrigel (Corning #354248).
Cells were then injected subcutaneously into the flanks of
seven mice. For PC-3 cells, 6-week-old male BALB/c nude
mice (Beijing Vital River Laboratory Animal Technology) were
used. For RM-1 cells, 6-week-old male C57BL/6J mice (Beijing
Vital River Laboratory Animal Technology) were used. All
animals were housed at (21 ± 1 �C) with a 12 h light/12 h
darkness cycle. All animals were acclimated to the new envi-
ronment for at least 1 week. Food and water were available ad
libitum. Tumor volume was estimated by the formula
0.5*L*W*W (L means long diameter, W means short diam-
eter). Mice were euthanized before any estimated tumor vol-
ume reached 1000 mm3. Tumors were then dissected and
weighed.

Immunohistochemical staining

Leftover slides for 17 prostate cancer samples from pathology
examination were provided by Peking University First Hospital.
Each slide contains both cancer tissue and adjacent normal
tissue. The use of patient samples was approved by the ethics
committee of Peking University First Hospital with patients’
consent and abided by the Declaration of Helsinki principles.
Slides were analyzed with routine immunohistochemical stain-
ing. Briefly, slides were first dewaxed and rehydrated, and then
treated with citrate buffer (Solarbio Life Science #C1032) for
antigen retrieval. Slides were then blocked with 3% bovine
serum albumin (Solarbio Life Science #A8020) for 30 min at 37
�C and then incubated with PRSS8 antibody (Abcam #227225).
After washing, slides were incubated with HRP-conjugated
secondary antibody (ZSGB-Bio #PV-9001). Slides were then
incubated with DAB (ZSGB-Bio #ZLI-9017) to develop. Slides
were transferred to PBS to stop developing before incubation
with H&E Staining Solution (Beyotime Biotechnology #C0107).
Slides were mounted into Neutral balsam (Solarbio Life Science
#G8590). Images were taken with NanoZoomer S360 whole
slide imaging scanner (Hamamatsu Photonics). Images were
scored by an experienced pathologist. p values were calculated
from paired two-tailed t test.

Immunofluorescence

Mouse tumor tissues embedded in OCT compound (Sakura
Finetek Inc, #Sakura 4583) were cut into 8-μm frozen sections
with LEICA CM1860 Cryostat Microtome. For immunofluo-
rescence staining, frozen sections were fixed with 4% para-
formaldehyde in PBS for 15 min at 4 �C. Frozen sections were
then permeabilized with 0.5% Triton X-100. After washing with
PBS, slides were blocked with 1% bovine serum albumin in 0.2%
Tween-20 in PBS for 1 h at room temperature (RT). The sec-
tions were then incubated with β-catenin antibody (Abclonal
#A19657) overnight at 4 �C. After washing three times with
0.2% Tween-20 in PBS, sections were incubated with Alexa
Fluor 488–conjugated donkey anti-rabbit IgG secondary anti-
body (Jackson ImmunoResearch #711-545-152) at RT in dark
for 1 h. Lastly, nuclei were counter-stained with 1.5 μM 40,6-
diamidino-2-phenylindole for 5 min. Sections were mounted
onto glass slides in antifade fluorescence mounting medium
(Abcam #AB104135).

Gene set enrichment analysis

GSEA analysis was performed as we previously described
(90). RNA-Seq data for prostate cancer samples in The Cancer
Genome Atlas (TCGA) program was downloaded from
"https://gdc.cancer.gov/" in the form of STAR counts. Tumor
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samples were divided into "high" and "low" groups based on
the PRSS8 mRNA levels. Differential gene expression analysis
comparing "high" versus "low" groups was then performed with
the "DeSeq2" (https://bioconductor.org/packages/release/bioc/
html/DESeq2.html) package in R (4.2.1). Protein coding genes
were then ordered based on their fold of change. Then GSEA
analysis for the preordered geneset was analyzed with the
"fgsea" package with default parameters in R (4.2.1). GSEA plot
was generated with the "ggsea" package in R (4.2.1).
Correlation analysis between PRSS8 and E-cadherin

TCGA RNA-Seq data was downloaded from "https://gdc.
cancer.gov/" in the form of transcripts per million (TPM).
Level-3 TCGA reverse phase protein array (RPPA) data was
downloaded from the same source. TPM was log2-
transformed with the formula log2 (TPM + 0.5). Afterward,
Pearson correlation analysis was performed in R (4.2.1) for
log2-transformed PRSS8 TPM and E-cadherin protein level
from the RPPA data. All 351 prostate cancer samples with
both TPM and RPPA data were included in the analysis.
Correlation analysis between PRSS8 and β-catenin activation
score

The β-catenin activation score was calculated as reported
previously (62). All β-catenin target genes assembled by Luke
et al (62) were included to calculate the β-catenin activation
score. Briefly, gene expression, as determined in the TCGA
RNA-Seq dataset, were first normalized with "DESeq2" in R
(4.2.1). All 497 prostate cancer samples with RNA-Seq data
were included in the analysis. Then a β value was calculated for
each gene in each sample. β value was calculated for each
sample with the formula β = (expr-mean)/SD. Herein, "expr"
denotes the expression of a specific gene in a specific sample,
"mean" denotes the mean expression of this gene in all sam-
ples, and "SD" denotes the standard deviation of the expression
level of this gene in all samples. Samples with β larger than 0.1
were given a score of 1 while those with β less than −0.1 were
given a score of −1. Summarization of scores for all genes
generates the β-catenin activation score for each sample. Af-
terward, Pearson correlation for PRSS8 mRNA level and β-
catenin activation score was performed in R (4.2.1).
Statistical analysis

For CCK-8 assay, xenograft tumor growth curve and mRNA
stability assay, p values were calculated from two-way
ANOVA. p values for all other assays (cell proliferation, real-
time PCR, tumor weight) were calculated by either t test or
one-way ANOVA as specified in the Figure legends. For one-
way ANOVA, Sidak statistical hypothesis testing was used to
correct for multiple comparison as recommended by Graph-
Pad Prism 8.0.2. (https://www.graphpad.com/) p values (or P-
adjusted for multiple comparison) less than 0.05 were deemed
significant. All error bars denote the SD with number of rep-
licates specified in the Figure legends.
16 J. Biol. Chem. (2024) 300(4) 107152
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Data underlying this article are available in the article and its
online supplementary material.
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