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Abstract: The dysregulation of deubiquitinating enzymes has been reported to be important in the development of
many human cancers, including pancreatic cancer. However, the precise role and potential mechanism of action of
the deubiquitinating enzyme UCHL3 in pancreatic cancer progression and chemo-resistance, are poorly elucidated.
In the current study, the consequences of UCHL3 knockdown in pancreatic cancer cells were evaluated via cell vi-
ability and colony formation assays. In vivo experiments were also conducted to confirm the effect of UCHL3 and
FOXM1 depletion on tumor growth in nude mouse xenograft models. Cell migration and invasion were assessed
by wound-healing and transwell assays, respectively. Co-immunoprecipitation (co-IP) and in vitro deubiquitination
assays were performed to investigate the interactions between UCHL3 and FOXM1. Immunohistochemical (IHC)
staining was utilized to examine the expression of UCHL3 and FOXM1 in pancreatic cancer tissues. Our results
demonstrate that UCHL3 deubiquitinated and stabilized FOXM1, thereby potentiating proliferation, migration, and
invasion of pancreatic cancer cells. Furthermore, knockdown of UCHL3 increased FOXM1 ubiquitination, which en-
hanced FOXM1 turnover and promoted pancreatic cancer cells’ sensitivity to gemcitabine. High UCHL3 expression
was positively associated with FOXM1 expression level in pancreatic cancer patient samples. Collectively, our study
established the UCHL3-FOXM1 axis as a pivotal driver of pancreatic cancer progression and gemcitabine resistance
and provided evidence for the potential therapeutic benefit of targeting the UCHL3-FOXM1 axis for pancreatic can-

cer treatment.
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Introduction

Pancreatic cancer is a common type of aggres-
sive digestive cancer and is also the main
cause of cancer-related death worldwide [1].
Pancreatic cancer is characterized by high inva-
sion, rapid disease progression, early metasta-
sis, and a resistance to chemotherapy and
radiotherapy; these characteristics are primar-
ily responsible for the dismal clinical prognosis
of pancreatic cancer patients, whose 5 year
survival rates are less than 5% [2, 3]. This lethal
disease remains a major challenge in clinical
practice. Thus, there is an urgent unmet need
to identify novel and effective therapeutic tar-
gets and to better understand molecular mech-
anisms underlying the highly aggressive pheno-
types of pancreatic cancer.

Forkhead box M1 (FoxM1) is an important
member of the Forkhead box transcription fac-
tor family. FoxM1 is a well-known modulator of

the transition from G1 to S phase of the cell
cycle and the execution of the mitotic program
through its role in regulating the expression of
a battery of G2/M target genes [4]. There is
already substantial evidence that FOXM1 plays
key roles in a wide range of biological process-
es, including cell proliferation, invasion, angio-
genesis, DNA damage repair, and stem cell
renewal, which mediate the initiation, progres-
sion, metastasis, recurrence, and drug sensitiv-
ity of human cancers [5-9]. Growing evidence
indicates that overexpression of FOXM1 is a
common feature of most human cancers,
including pancreatic cancer [10], glioma [11],
hepatocellular carcinoma [12], lung cancer
[13], gastric cancer [14], breast cancer [15],
cervical cancer [16], and prostate cancer [17].
Furthermore, upregulated expression of FOXM1
is associated with disease progression and
adverse prognosis in multiple human cancer
types [18, 19]. In pancreatic cancer, FOXM1
expression was substantially upregulated, and
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this upregulation was associated with poor
prognosis and clinic progression of pancreatic
cancer [20]. Moreover, FOXM1 overexpression
has been reported to promote epithelial-mes-
enchymal transition and the Warburg effect in
pancreatic cancer [10, 21].

Ubiquitination is a crucial posttranslational
modification that has pivotal protein-regulatory
functions. This biological process is critically
regulated by deubiquitinating enzymes (DUBSs).
UCHL3 (Ubiquitin carboxyl-terminal hydrolase
L3, EC 3.4.19.12), a member of UCL subfamily,
is an important DUB. UCHL3 has been reported
to be upregulated in breast cancer and, more
recently, has been identified as a novel media-
tor of DNA repair [22]. The precise biological ro-
les and potential molecular mechanism under-
lying UCHL3's involvement in human malignan-
cies, including pancreatic cancer, remains
unknown.

Here, we report that UCHL3 regulated pancre-
atic cancer cell proliferation, migration, inva-
sion, and response to gemcitabine by deubiqui-
tinating and stabilizing FOXM1. Furthermore,
shRNA-mediated knockdown of UCHL3 inhibit-
ed pancreatic cancer proliferation, tumorigen-
esis, migration, invasion, and chemo-resistan-
ce in a FOXM1-dependent manner. Conversely,
UCHL3 overexpression was observed in pan-
creatic cancer tissues, and this overexpression
was associated with the high expression of
FOXM1, indicating that the UCHL3-FOXM1 axis
may play a crucial role in the pathogenesis of
pancreatic cancers.

Materials and methods
Cell culture and antibodies

Human pancreatic cancer cell lines BxPC-3 and
SW1990 were purchased from ATCC and cul-
tured as previously described [23].

Anti-UCHL3 (Catalog No: 12384-1-AP) and anti-
FOXM1 (13147-1-AP) antibodies were purcha-
sed from Protein Tech. Anti-Ubiquitin (sc-8017)
antibody was purchased from Santa Cruz. Anti-
FLAG (F1804) and anti-B-actin (A1978) anti-
bodies were purchased from Sigma.

Gene knockdown

The following shRNAs were utilized in this study:
UCHL3 shRNA-1: 5-GAAGTTTATGGAGCGCGAC-

1971

3’; UCHL3 shRNA-2: 5-GCCGCTGGAGGCCAA-
TCCCGA-3’; FOXM1 shRNA: 5-CAACAGGAGUC-
UAAUCAAG-3".

We generated the lentiviruses harboring UCHL3
and FOXM1 shRNAs according to the standard
protocol [10, 11].

Protein stability assay

The cycloheximide (CHX)-based pulse-chase
assay was performed as previously described
[24] to evaluate protein turnover in cells. To
determine FOXM1 protein turnover, 0.1 mg/ml
CHX (Adooq Inc) was added to the cell culture
medium and cells were harvested at the indi-
cated time points. Then, the cells were lysed in
NETN buffer and cell lysates were subjected to
western blotting with anti-FOXM1, anti-UCHL3,
and anti-B-actin antibodies as indicated. Finally,
we quantified FOXM1 protein levels relative to
B-actin levels using the image analysis soft-
ware ImagelJ.

Immunoprecipitation assay

BxPC-3 cells transfected with HA-FOXM1, Flag-
UCHL3 and Myc-Ub plasmids were incubated
with 25 yM MG132 for 6 hours. Then, the cells
were washed with pre-chilled phosphate-buff-
ered saline (PBS) and lysed. Cell lysates were
boiled for 15 min and diluted with NTEN lysis
buffer containing protease inhibitors and deu-
biquitination inhibitors in a 1:10 ratio. Finally,
immunoprecipitation was performed with anti-
bodies and protein A/G beads for 4 hours at
4°C. The immunocomplexes were subjected to
western blot assay after washing the beads.

In vitro deubiquitination assay

For the in vitro deubiquitination assay, we puri-
fied wild-type UCHL3 and UCHL3CA mutant
from bacteria and ubiquitinated FOXM1 from
cells expressing LAG-FOXM1 and His-Ub, under
denaturing conditions. We then incubated
UCHL3 and ubiquitinated FOXM1 in a cell-free
system. The ubiquitinated proteins were incu-
bated with recombinant UCHL3 in deubiquitina-
tion buffer (50 mM Tris-HCI pH 8.0, 50 mM
NaCl, 1 mM EDTA, 10 mM DTT, 5% glycerol)
for 6 hours at 37°C. After the reaction, FOXM1
was immunoprecipitated with anti-FOXM1 anti-
body. The immunocomplexes were separated
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by SDS-PAGE and blotted with the indicated
antibodies.

Cell viability assay

Gemcitabine-treated (1 uM, 2 uM, 3 UM, 4 uM,
1-4 day) and untreated BxPC-3 and SW1990
cells stably expressing the indicated constructs
were used for the MTS (Promega) cell viability
assay. MTS reagent was added to each well,
and cells were incubated at 37°C for 2 hours.
Finally, absorbance 450 nm was measured
using the ELX-800 microplate reader (Bio-Tek
Instruments).

Colony formation assays

BxPC-3 and SW1990 cells were plated in 6-well
plates (500 cells per well) and cultured in 8 ml
complete medium at 37°C. After 10 days, the
colonies were washed with PBS, fixed with
methanol, stained with Giemsa, and counted.

Cell migration and invasion assays

To assess cell migration and invasion, wound-
healing and transwell assays were performed
as described previously [25]. Briefly, 6-well
plates were seeded with 5 x 105 cells and incu-
bated a humidified atmosphere of 37°C at 5%
CO,. Until 200% confluence was reached. The
layer of cells was scratched with a 10 ul pipette
tip (Sigma) and washed with PBS three times.
Cells were then incubated in fresh serum-free
medium for an additional 24 hours. The extent
of wound closure was determined by microsco-
py. Invasion assays were performed using a
transwell invasion chamber (Corning Inc.,). The
upper compartment of the chamber was seed-
ed with 1 x 10% BxPC-3 cells in 100 pl serum-
free medium. The bottom compartment of the
chamber contained 800 yl DMEM with 10%
FBS (v/v), which was the source of chemo
attractant. After 24 hours, the side of the insert
facing the upper compartment was carefully
cleansed with a cotton swab to remove culture
medium and cells that had not migrated
through the insert. Cells that had migrated
through the filter pores to the underside of the
insert were then fixed with methanol, stained
with Giemsa and counted in 5 randomly select-
ed visual fields. Each assay was repeated at
least 3 times.

1972

Tumor growth study in nude mice

BxPC-3 cells stably expressing the control,
UCHL3, FOXM1, or both UCHL3 and FOXM1
shRNAs, were injected subcutaneously into the
flanks of 6-week old female BALB/c nude mice.
Tumor volumes were measured every 3 days
according to the standard protocol. The tumor
volume was calculated using the formula: 0.5 x
Length x Height x Width. At the end of the
study, the tumors were surgically removed,
weighed, and processed. According to the
blinding procedures, two persons (as a group)
performed all the nude mice experiments: one
person performed the experiments and the
other one, totally blinded to the experimental
group, measured the tumor volumes and
weights and analyzed the data.

Immunohistochemistry (IHC)

Immunohistochemical staining and calculation
were performed as described previously [23].
Briefly, 172 paraffn-embedded human pancre-
atic cancer tissues and 60 normal tissues were
collected from patients treated at the First
Affiliated Hospital of Nanchang University. All
subjects signed written informed consent. The
current study was approved by Clinical Research
Ethics Committee of the First Affiliated Hospi-
tal of Nanchang University. All these paraffin-
embedded tissues were cut into 4-um thick
sections, deparaffinized in xylene, rehydrated
through graded concentrations of alcohol, and
heat treated for 30 min in citrate buffer (pH
6.0; Dako) for antigen retrieval. Endogenous
peroxidase activity was blocked by treatment
with 3% H,0, for 10 min. Samples were blocked
with 5% normal serum for 2 hours. Afterwards,
samples were incubated overnight with primary
anti-UCHL3 and anti-FOXM1 antibodies. The
next day, the sections were incubated for 1
hour with the appropriate secondary antibody.
Finally, sections were observed under a light
microscope. The immunostaining results were
evaluated by 2 independent pathologists blind-
ed to each patient’s status to avoid possible
bias. The IHC score was calculated by combin-
ing the quantity score together with the staining
intensity score. The quantity score ranges from
0 to 4, that is 0, no immunostaining; 1, 1-10%
of cells are stained; 2, 11-50% are positive; 3,
51-80% are positive; and 4, 281% of cells are
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Figure 1. UCHL3 binds and stabilizes FOXM1. A, B. BxPC-3 cells were lysed and immunoprecipitation was carried
out with indicated antibodies. The immunocomplexes were subjected to western blot analysis. C. BxPC-3 cells stably
expressing control (ctrl) or UCHL3 shRNAs were subjected to western blot and qRT-PCR to examine the indicated pro-
tein and mRNA levels (left). Cells were either untreated or treated with MG132 and immunoblotting was performed
to examine the indicated protein levels (right). Bar graphs depict mean + S.D. Experiment was repeated three times.
D. CHX pulse-chase assay was performed in cells stably expressing control (ctrl) or UCHL3 shRNAs. E. CHX pulse-
chase assay was performed in cells transfected with the indicated plasmids.

positive. The staining intensity was scored as
0 (negative), 1 (weak), 2 (moderate), and 3
(strong). Samples with IHC score of more than 4
were considered to be high, and less than 4

1973

were considered to be low. The x? test and the
Pearson correlation coefficient were utilized for
statistical analysis of the association between
UCHL3 and FOXM1.
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Figure 2. UCHL3 deubiquitinates FOXM1. (A) Cells were transfected with HA-
FOXM1, FLAG-UCHL3, and Myc-Ub as indicated. The polyubiquitylated FOXM1
protein was detected by anti-Myc antibody. (B) Cells stably expressing control
or UCHL3 shRNAs were subjected to deubiquitination assay and the polyubig-
uitylated FOXM1 protein was detected by the anti-Ub antibody. (C) Cells trans-
fected with FLAG-FOXM1 were treated with or without TCID. The polyubiquity-
lated FOXM1 protein was examined as in (B). (D) Deubiquitination of FOXM1
in vitro by UCHL3. Ubiquitinated FOXM1 was incubated with purified UCHL3 or
UCHL3CA in vitro and then immunoblotted with the indicated antibodies.

Statistical analysis

All the data were represented as the mean +
S.D. The Student’s t-test, x* test and ANOVA
were adopted for the statistical analyses.

1974

P<0.05 was considered
statistically significant.

Results

UCHL3 is a FOXM1 bind-
ing protein and stabilizes
FOXM1

Several studies have re-
ported that FOXM1 ubiqu-
itination and degradation
are regulated by ubiquitin
ligases, such as RNF168
and OTUB1 [26, 27]. Thus,
we performed coimmuno-
precipitation (Co-IP) experi-
ments to examine if UCHL3
and FOXM1 interact with
each other. Our results sug-
gest that endogenous UC-
HL3 coimmunoprecipitated
with endogenous FOXM1 in
BxPC-3 cells (Figure 1A,
1B). This interaction led us
to assess the potential bio-
logical function of the deu-
biquitination enzyme UC-
HL3 in regulating FOXM1's
stability. We found that
knockdown of UCHL3 in
BxPC-3 cells dramatically
reduced FOXM1 protein lev-
els without affecting FOX-
M1 mRNA levels, and the
decrease in FOXM1 levels
was rescued by protea-
some inhibitor MG132 tre-
atment (Figure 1C). These
data indicated that UCHL3
modifies FOXM1 in a post-
transcriptional manner, per-
haps by regulating FOXM1's
proteasomal degradation.

We further explored whe-
ther UCHL3 regulates FO-
XM1 stability and found
that FOXM1 protein was

less stable after depletion of UCHL3 (Figure
1D). Conversely, overexpression of UCHL3 sig-

nificantly enhanced FOXM1 stability (Figure
1E). Collectively, these data
UCHLS3 regulates FOXM1 stability.

indicate that
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Figure 3. UCHL3 regulates pancreatic cancer cell proliferation through FOXM1.
(A) BxPC3 and SW1990 cells were transfected with indicated luciferase report-
er constructs. The FOXM1 activity was analyzed by the luciferase reporter assay.
Bar graphs depict mean + S.D. Experiment was repeated three times. (B) Cell
proliferation was quantified via the MTS assay. (C) Cell proliferation was also
assayed via the colony formation assay. Bar graphs depict mean + S.D. Experi-
ment was repeated three times. (D) Cells generated as described in (A) were
injected into immunodeficient mice as described in methods. Tumor growth was
measured every 3 days (mean + S.D. of 5 mice). All statistical analyses were
performed via the ANOVA. **, P<0.01. n.s.: no significance.

UCHL3 deubiquitinates
FOXM1

A deubiquitination assay
was performed to confirm
whether UCHL3 functions
as a DUB for the FOXM1
protein. We found polyubig-
uitylated FOXM1 protein
was significantly reduced in
cells transfected with wild-
type (WT) UCHL3; however,
the overexpression of CS
mutant did not decrease
FOXM1 ubiquitination (Fig-
ure 2A).

In addition, UCHL3 deple-
tion dramatically increased
FOXM1 ubiquitination (Fig-
ure 2B). Moreover, TCID,
the UCHL3 inhibitor, signi-
ficantly enhanced FOXM1
ubiquitination (Figure 2C).
To further determine whe-
ther UCHL3 directly deubig-
uitinates FOXM1, we per-
formed an in vitro deubiqui-
tination assay. We purified
wild-type UCHL3 and UC-
HL3CA mutant from bacte-
ria and ubiquitinated.

FOXM1 from cells express-
ing FLAG-FOXM1 and His-
Ub, under denaturing con-
ditions. We then incubated
UCHL3 and ubiquitinated
FOXM1 in a cell-free sys-
tem. We found WT UCHLS3,
but not the USP49CA mu-
tant, dramatically deubi-
quitinated FOXM1 in vitro
(Figure 2D). Taken togeth-
er, these results suggest
that UCHL3 deubiquiti-
nates FOXM1 both in vitro
and in vivo.

UCHL3 regulates pancreat-
ic cancer cell proliferation
and tumor growth through
FOXM1

The FOXM1-dependent lu-
ciferase reporter system
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Figure 4. UCHL3 regulates pancreatic cancer cell migration and invasion through FOXM1. (A, B) Migration and inva-
sion of BxPC-3 cells generated in Figure 3A were evaluated through (A) wound healing and (B) transwell invasion
assays, respectively. Bar graphs depict mean + S.D. Experiment was repeated three times. (C, D) BxPC-3 cells stably
expressing control or USP20 shRNAs were stably infected with lentiviruses encoding FOXM1. Cells were lysed, and
cell lysates were blotted with the indicated antibodies. Then the cells’ migration and invasion were quantified us-

ing the (C) wound-healing and (D) invasion assays. Bar graphs depict mean + S.D. Experiment was repeated three
times. n.s.: no significance.

was utilized to evaluate the effect of UCHL3 that the reporter activity was significantly inhib-
on FOXM1 transactivation. Our results showed ited in cells transfected with UCHL3 or FOXM1
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Figure 6. UCHL3 expression positively correlates with FOXM1 expression in
clinical pancreatic cancer samples. A. Representative staining of UCHL3 and
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fication of UCHL3 and FOXM1 protein levels in normal and pancreatic cancer
and the correlation study of UCHL3 and FOXM1 expression level in pancreatic
cancer. Statistical analyses were performed with the x? test. R: The Pearson
correlation coefficient.

1977

shRNA (Figure 3A). Further-
more, knockdown of UCH-
L3 in cells depleted of
FOXM1 had no obvious fur-
ther inhibitory effect on the
reporter activity, suggest-
ing that UCHL3 inhibited
the reporter activity main-
ly through FOXM1 (Figure
3A). Next, we evaluated the
biological functions of UC-
HL3 in pancreatic cancer
cell proliferation. We found
that UCHL3 depletion sig-
nificantly inhibited pancre-
atic cancer cell prolifera-
tion (Figure 3B), but knock-
down of both UCHL3 and
FOXM1 simultaneously did
not further suppress pan-
creatic cancer cell prolifer-
ation compared to cells
wherein FOXM1 alone was
depleted. Colony formation
assays showed similar ef-
fects (Figure 3C). Our xeno-
graft study also confirmed
that UCHL3 or FOXM1 de-
pletion suppressed tumor
growth, but the combined
depletion of UCHL3 or FO-
XM1 did not further inhibit
tumor growth (Figure 3D).

Taken together, all these
in vitro and in vivo results
demonstrate that UCHL3
regulates pancreatic can-
cer cell proliferation and
tumor growth in a FOXM1-
dependent manner.

UCHL3 regulates migration
and invasion of pancre-
atic cancer cells through
FOXM1

We further investigated the
effect of UCHL3 knock-
down on pancreatic cancer
cells’ migration and inva-
sion and found that UCHL3
or FOXM1 depletion mark-
edly decreased the migra-
tion and invasion of BxPC-3

Am J Cancer Res 2019;9(9):1970-1981



UCHLS3 stabilizes FOXM1 in pancreatic cancer

pancreatic cancer cells compared to control
cells (Figure 4A, 4B). By contrast, no further
suppression in migration or invasion was found
with co-depletion of UCHL3 and FOXM1 (Figure
4A, 4B). Conversely, overexpression of FOXM1
in UCHL3-depleted BxPC-3 cells efficiently res-
cued the inhibitory effect of UCHL3 knockdown
on cell migration and invasion (Figure 4C, 4D).
Taken together, these findings demonstrate
that UCHL3 regulates pancreatic cancer cell
migration and invasion by regulating FOXM1
stability.

UCHLS3 regulates response of pancreatic can-
cer cells to gemcitabine through FOXM1

We next investigated whether UCHL3 affects
pancreatic cancer cells’ response to gemci-
tabine. We found that depletion of UCHL3 sen-
sitized pancreatic cancer cells to gemcitabine
(Figure 5A, 5B). In addition, restoring FOXM1
expression in UCHL3-depleted cells rescued
their chemo-sensitivity (Figure 5A, 5B). Taken
together, these data further support a critical
function of UCHL3 in regulating the response of
pancreatic cancer cells to gemcitabine chemo-
therapy through FOXM1 stabilization.

UCHL3 expression level is positively correlated
with FOXM1 level in clinical pancreatic cancer
samples

Finally, we immunohistochemically assayed
expression levels of UCHL3 and FOXM1 in pan-
creatic cancer tissue to investigate any poten-
tial associations between their expression lev-
els. As shown in Figure 6A-C, both UCHL3 and
FOXM1 were overexpressed in pancreatic can-
cer tissues compared to paired normal pancre-
atic tissues. Notably, UCHL3 expression level
was significantly and positively associated with
FOXM1 expression level in pancreatic cancer
tissues (Figure 6D). Taken together, these find-
ings proved that UCHL3 is overexpressed in
pancreatic cancer, wherein its expression is
positively associated with FOXM1 expression.

In summary, we revealed that UCHL3 deubiqui-
tinates and stabilizes FOXM1 and promotes
pancreatic cancer proliferation, migration, inva-
sion, and chemo-resistance in a FOXM1-de-
pendent manner. Besides, UCHL3 was overex-
pressed in pancreatic cancer, suggesting a
potential prognostic role for UCHL3 in pancre-
atic cancer.

1978

Discussion

Accumulating evidence suggests that FOXM1
has essential functions in the regulation of a
broad range of physiological processes [28]. In
addition, overexpression of FOXM1 has been
detected in various kinds of human cancers,
and FOXM1 is essential for tumorigenesis in
a wide spectrum of tissue types [29]. Further-
more, FOXM1 participates in various physiologi-
cal and pathological processes through multi-
ple signaling pathways, including the Wnt,
MAPK, TGF-B, and Hedgehog pathways [30]. In
pancreatic cancer, overexpression of FOXM1
has also been detected, and FOXM1 overex-
pression promotes the development of pancre-
atic cancer [10, 20, 31-33].

Ubiquitination plays critical roles in various cel-
lular processes through multiple protein-regu-
latory mechanisms, such as regulating protein
activity, adjusting protein degradation, modify-
ing protein function, altering protein subcellular
location, and altering interactions between pro-
teins [8]. Previous studies suggested that ubig-
uitination is also an important mode of regulat-
ing FOXM1 expression [8, 26]. Ubiquitination or
deubiquitination of proteins plays critical roles
in the development of pancreatic cancer
[34-36].

UCHL3, a DUB belonging to the UCH family, is
characterized by dual hydrolase specificity
towards Ub and Nedd8 [37]. UCHL3 does not
show dimerization or ligase activity. Moreover,
UCHL3 can protect Lys48-linked Ub dimers
(diUb) from degradation and interaction with
Lys48-linked Ub dimers suppresses UCHL3’s
hydrolase activity [38, 39]. Some previous stud-
ies have suggested that UCHL3 expression is
deregulated in cervical carcinoma and breast
cancer tissues [40]. Song et al reported that
UCHL3 regulated the epithelial-to-mesenchy-
mal transition in prostate cancer cell lines [41].
However, the precise function and detailed
mechanism of UCHL3 action in pancreatic can-
cer has not been elucidated. In this study, we
found that UCHL3 promotes pancreatic cancer
progression in a FOXM1-dependent manner by
deubiquitinating FOXM1 and thereby enhancing
its stability.

Pancreatic cancer is frequently resistant to
both chemotherapy and radiotherapy and gem-
citabine is the cornerstone of pancreatic can-

Am J Cancer Res 2019;9(9):1970-1981



UCHLS3 stabilizes FOXM1 in pancreatic cancer

cer therapy [42, 43]. However, intrinsic or/and
acquired resistance to gemcitabine is substan-
tially hindering the efficacy of this first-line
treatment [44]. Evidence has suggested that
deubiquitinating enzymes exert pivotal roles in
the regulation of drug resistance [45]. In this
study, we found that UCHL3 depletion enhanc-
ed the cytotoxicity of gemcitabine in a FOXM1-
dependent manner, suggesting that a thera-
peutic approach targeting UCHL3 may offer a
route to overcoming gemcitabine resistance.

In summary, we have demonstrated the novel
oncogenic role of UCHL3 in pancreatic cancer.
We revealed that UCHL3 regulates the deubig-
uitination and stabilization of FOXM1, thereby
potentiating pancreatic cancer progression.
Moreover, the enhanced susceptibility to gem-
citabine upon UCHL3 depletion can be rescued
by FOXM1 expression. Interestingly, the expres-
sion level of UCHL3 was positively associated
with that of FOXM1 in pancreatic cancer tis-
sues. Our study provides evidence that UCHL3
is a novel biomarker for predicting progression
and chemo-resistance in pancreatic cancer.
Additionally, our findings support the clinical
development of novel therapies targeting the
UCHL3-FOXM1 axis for the treatment of human
pancreatic cancer.
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