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The ubiquitin-proteasome system (UPS) is a regulated mechanism of intracellular protein

degradation and turnover, and its dysfunction is associated with various diseases

including cancer. UBR5, an E3 ubiquitin ligase, is emerging as an important regulator

of the UPS in cancers, but its role in pancreatic cancer is poorly understood. Here, we

show that UBR5 is significantly upregulated in pancreatic cancer tissues. High UBR5

expression is correlated with increased lymph node metastasis and poor survival of

patients. The loss-of-function and gain-of-function studies demonstrated that UBR5

substantially enhanced the in vitro migratory and invasive ability of pancreatic cancer

cells. UBR5 knockdown also markedly inhibited in vivo cancer metastasis in the liver

metastatic model of pancreatic cancer in nude mice, suggesting UBR5 as a potent

metastatic promoter in pancreatic cancer. Furthermore, using co-immunoprecipitation

combined with mass spectrometry analyses, CAPZA1, a member of F-actin capping

protein α subunit family, was identified as a novel substrate of UBR5. UBR5

overexpression could promote the degradation of CAPZA1 via the UPS and induce

the accumulation of F-actin, which has been described as an essential molecular event

during the process of CAPZA1 deficiency-induced cancer cells migration and invasion.

UBR5 knockdown significantly increased the intracellular level of CAPZA1 and CAPZA1

downregulation largely reversed the UBR5 knockdown-induced suppression of cell

migration and invasion in pancreatic cancer cells. Collectively, our findings unveil UBR5 as

a novel and critical regulator of pancreatic cancer metastasis and highlight the potential

for UBR5-CAPZA1 axis as a therapeutic target for preventing metastasis in pancreatic

cancer patients, especially in those with increased UBR5 expression.
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FIGURE 3 | UBR5 interacts with and destabilizes CAPZA1. (A) Immunoprecipitation and the silver staining assay in UBR5-binding proteins. The vector control (VC) or

GFP-tagged UBR5 (UBR5-ov) plasmid was transfected into HEK-293T cells, and anti-GFP antibody was used to immunoprecipitate UBR5-binding proteins. The

immunoprecipitates were separated on SDS-PAGE and stained by silver staining. (B) The associations between UBR5 and CAPZA1. HEK-293T, MIA PaCa-2 and

BxPC-3 cells were transfected with the plasmid encoding GFP-tagged UBR5 and immunoprecipitation was carried out for the detection of the associations between

UBR5 and CAPZA1. (C) The cellular co-localization of UBR5 and CAPZA1 in CFPAC-1 cells. Scale bar = 10µm. (D) The relative mRNA expression of CAPZA1 in

CFPAC-1, PACN-1 cells infected with shUBR5 and in MIA PaCa-2, BxPC-3 transiently overexpressing UBR5. (E) The protein level of CAPZA1 assessed by western

blot in CFPAC-1 and PANC-1 cells infected with shUBR5 or shNC. (F) The relative CAPZA1 protein levels in UBR5-overexpressing MIA PaCa-2 and BxPC-3 treated

with DMSO or MG132. (G) The ubiquitination level of CAPZA1 in UBR5-overexpressing MIA PaCa-2 cells or UBR5-knockdown CFPAC-1 cells treated with MG132.

Data represents mean ± SEM (n = 3 independent biological repeats). NS, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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FIGURE 4 | UBR5 promotes pancreatic cancer migration and invasion via CAPZA1-mediated F-actin remodeling. (A) CAPZA1 mRNA expression in CFPAC-1 and

PANC-1cells infected with shUBR5. (B) Western blot analysis of CAPZA1 protein levels in CFPAC-1 and PANC-1 cells infected with shUBR5. (C) Wound healing

assays in CFPAC-1 and PANC-1 cells transfected with shNC, shUBR5, shUBR5 and siNC, shUBR5 and siCAPZA1. (D) Invasion assays in CFPAC-1 and PANC-1

cells transfected with shNC, shUBR5, shUBR5 and siNC, shUBR5 and siCAPZA1 respectively. (E) F-actin protein levels in MIA PaCa-2 and BxPC-3 cells

overexpressing UBR5. (F) Immunofluorescence staining of F-actin and UBR5 in CFPAC-1 cells transfected with shNC or shUBR5. Scale bar = 10µm. Data

represents mean ± SEM (n = 3 independent biological repeats unless otherwise indicated). **P < 0.01, ***P < 0.001.

deubiquitinase to regulate transcription at damaged chromatin
(32). In addition, UBR5 could accelerate the ubiquitination of
nuclear myosin 1c to regulate transcription in early G1 cells
(14). However, recent reports revealed that UBR5 was present
not only in the nucleus but also in the cytoplasm (33). UBR5
could localized to the centrosomal periphery and its interaction
with centrosomal component was required for cytoplasmic
organization of centriolar satellites (34). In our study, the
cytoplasmic location of UBR5 was also observed in pancreatic

cancer cells and multiple cytoplasmic proteins were identified
as potential UBR5-binding proteins by mass spectrometry.
Our results, together with the previous findings, indicate that
the interaction and regulation of cytoplasmic proteins is also
important for UBR5 to exert its biological function.

This study, for the first time, described the cytoplasmic protein
CAPZA1, an actin capping protein, as an important substrate
of UBR5 and an important mediator of UBR5-induced cell
migration and invasion in pancreatic cancer. CAPZA1 has been
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FIGURE 5 | UBR5 deficiency reduces pancreatic cancer metastasis in vivo. (A) Representative images of liver-metastatic lesions from nude mice after injection of

CFPAC-1 cells infected with shNC or shUBR5 (n=10 for each group). (B) The number of lesions in shNC and shUBR5 groups. (C) The diameter of the largest

metastatic tumor per liver was measured. (D) H&E staining of livers with the metastatic lesions. Scale bar of left panels: 200µm; Scale bar of right panels: 50µm.

(E) IHC staining of UBR5 and CAPZA1 protein expression in the metastatic tumors. Scale bar: 50µm. Data represents mean ± SEM (n = 3 independent biological

repeats unless otherwise indicated). **P < 0.01, ***P < 0.001.

involved in cancer metastasis previously. It has been reported
that, in gastric and liver cancer, the expression of CAPZA1
was significantly decreased, which contributed to an increased
metastatic ability of cancer cells (35–37). Our findings suggested
that CAPZA1 might function as a metastasis suppressor
downstream of UBR5. The reduced migration and invasion
ability induced by knockdown of UBR5 in pancreatic cancer
cells was largely abolished by the introduction of siCAPZA1,
indicating the therapeutic potential of strategies to disrupt the
interaction between UBR5 and CAPZA1 for preventing cancer
metastasis especially in patients with high UBR5 expression.
Intriguingly, more than one fourth of potential interacting
proteins identified using IP-MS analyses for UBR5 were related
to actin cytoskeleton organization. It would be interesting to
investigate the regulatory effect of UBR5 on other cytoskeleton
organization-related proteins in the future.

The regulation of F-actin remodeling has been described
as an important mechanism by which CAPZA1 influenced
cancer metastasis (37). F-actin, formed by the polymerization

of actin monomers (globular or G-actin), is considered to
be a critical player in cell morphogenesis and cell motility
(38). Actin-binding proteins like CAPZA1 disassemble from
the end of F-actin, leading to the decrease in G-actin and the
accumulation of F-actin. The actin-binding protein deficiency-
induced actin cytoskeleton remodeling, reflected by the increase
intracellular level of F-actin, has been shown to facilitate the
invasion as well as metastasis of liver cancer cells (39). In
our study, it was observed that the decrease in CAPZA1 was
associated with marked increase in F-actin intensity in UBR5-
overexpression pancreatic cancer cells that exhibited enhanced
migratory and invasion ability. Given that CAPZA1 functions as
the substrate of UBR5, we can reasonably speculate that CAPZA1
degradation-induced actin reorganization might contribute to
UBR5-induced pancreatic cancer cells metastasis. It has been
regarded that the reorganization of actin cytoskeleton drove
epithelial-mesenchymal transition (EMT) of cancer cells (38, 40).
Further studies are warranted to investigate whether the elevated
UBR5 expression can induce EMT of pancreatic cancer cells.
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FIGURE 6 | Schematic diagram of UBR5 promoting pancreatic cancer

metastasis. A model depicting the role of UBR5 in pancreatic cancer. E3

ubiquitin ligase UBR5 mediates the ubiquitin-proteasome-dependent

degradation of CAPZA1, which in turn enhances pancreatic cancer metastasis

via promoting F-actin remodeling.

In summary, the current study provides evidence
demonstrating UBR5 as a potent metastasis promoter
for pancreatic cancer and suggests that UBR5 exerts its
metastasis-promoting effect via promoting the ubiquitination
and degradation of CAPZA1. Therefore, targeting UBR5 or
UBR5-mediated CAPZA1 ubiquitination will provide promising
strategies for preventing cancer metastasis in pancreatic cancer
patients, particularly in those with high UBR5 expression.
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