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HERPUD1, a Member of the Endoplasmic
Reticulum Protein Quality Control Mechanism, may
be a Good Target for Suppressing Tumorigenesis
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AB ST R A C T

Objectives: Breast cancer is the most frequently diagnosed cancer type and the second leading cause of cancer-related death in women. Recent
studies have highlighted the importance of the endoplasmic reticulum (ER) protein quality control mechanism for the survival of many cancers. It
has also been recommended as a good target for the treatment of many cancer types. Homocysteine inducible ER protein with ubiquitin-like domain
1 (HERPUD) functions as one of the main components of ER-associated degradation, which is an ER-resident protein quality mechanism. Today,
the association of HERPUD1 with breast carcinogenesis is still not fully understood. Herein, we evaluated the possibility of HERPUD1 as a potential
therapeutic target for breast cancer.

Materials and Methods: The effects of HERPUD1 silencing on epithelial-mesenchymal transition (EMT), angiogenesis, and cell cycle proteins were
analyzed by immunoblotting studies. To test the role of HERPUD1 on tumorigenic features, WST-1-based cell proliferation assay, wound-healing
assay, 2D colony formation assay, and Boyden-Chamber invasion assay were performed in human breast cancer cell line MCF-7. The statistical
significance of the differences between the groups was determined by Student's t-test.

Results: Our results displayed that suppressing HERPUDT1 expression reduced the cell cycle-related protein levels, including cyclin A2, cyclin B1,
and cyclin ET in MCF-7 cells. Also, silencing of HERPUD1 remarkably decreased expression levels of EMT-related N-cadherin and angiogenesis
marker vascular endothelial growth factor A. Moreover, we determined that cell proliferation, migration, invasion, and colony formation of MCF-7
cells were significantly limited by silencing of HERPUDI1.

Conclusion: Present data suggest that HERPUD1 may be an effective target for biotechnological and pharmacological strategies to be developed to
treat breast cancer.
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INTRODUCTION It is a hormonal regulation-dependent cancer type; because
According to statistical studies conducted in the United States, ~ 70% of breast cancer cells contain estrogen receptors and/
breast cancer is the most frequently diagnosed cancer type and or progesterone receptors. Conservative surgery is the most
the second leading cause of cancer-related death in women! ~ commonly used method in treating breast cancer. Depending on
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the receptor expression profiles, alternative approaches, such
as tamoxifen, an estrogen receptor modulator, are used as a
treatment option. Today, the hormonal treatment approach can
be chosen based on the receptor status of the primary tumor
in patients.?3 Although alternative treatment approaches and
new drug candidates have been introduced through developing
technology, there is an ongoing need to better understand
the molecular pathogenesis of breast cancer and identify the
molecular focuses that support the carcinogenesis process.

Numerous studies have reported that endoplasmic reticulum
(ER) stress is highly activated in hematopoietic cancers
(leukemia, lymphoma, and myeloma) and solid tumors,
including stomach, colon, esophageal, lung, prostate, pancreas,
liver, glioblastoma, and breast cancer as well. It has been
determined that protein levels are associated with molecular
chaperones, which are involved in protein quality control in
ER and molecular mechanisms that mediate the removal of
misfolded proteins to prevent proteotoxicity highly expressed
in many cancer types.® This process provides an opportunity
for rapidly proliferating cancer cells to adapt against increased
proteomic activity. Similarly, it is necessary for providing basal
cellular needs and preventing apoptotic cell death signals.*

ER is the largest organelle of the cell and functions as a
center for crucial biological processes such as protein
synthesis, transport, protein folding, lipid and steroid synthesis,
carbohydrate metabolism, and Ca*? storage.® Protein folding is
not a faultless process and it is known that one-third of newly
synthesized proteins in cells are misfolded.” Although proteins
are properly folded, they frequently undergo conformational
deterioration inside cells as they are constantly exposed to
cellular stresses, such as heat and oxidative stress. This
situation leads to rerelease of hydrophobic residues in proteins
that results in the formation of protein aggregates and cellular
proteotoxicity.” Accumulation of misfolded proteins in the ER
lumen triggers a process called “ER stress” by lowering free
chaperone levels. The only possible way for cells to overcome
this stress is by increasing the protein folding capacity of ER
and eliminating the misfolded proteins by directing them to the
protein degradation process.®

Numerous molecular mechanisms are triggered to overcome
ER stress in cells and one of the ways to compete with
potentially proteotoxic proteins with folding defects is the
mechanism known as ER-associated degradation (ERAD).’
Basically, ERAD involves several steps, including substrate
recognition, initiation of retrotranslocation (translocation in the
lipid bilayer), ubiquitination, retrotranslocation, targeting to the
26S proteasome, and proteasomal degradation. Targeting for
proteasomal degradation is a highly controlled and sophisticated
cellular system, in which diverse protein units take part in this
process according to the type of targeted protein.”

Homocysteine inducible ER protein with ubiquitin-like domain 1
(HERPUDT1) is a 54 kDa protein located in the ER membrane. It
has been determined to play a role in the retrotranslocation step,
which is expressed as the translocation of misfolded proteins
from ER to the cytosol to direct 26S proteasome-mediated
degradation for the elimination of misfolded proteins.™ To date,

there is no identified enzymatic activity of HERPUDI. It has
been shown that it regulates ERAD by interacting with proteins
involved in the retrotranslocation, ubiquitination and degradation
of misfolded proteins.*™® HERPUDT is one of the critical
componentsinvolvedinstabilizingthe ERAD multiproteincomplex
and it effectively directs misfolded proteins to degradation and
is thought to be one of the major components of ERAD."” The
interaction analyses showed that HERPUDT interacted in the ER
membrane with Hrd1/SYVN1, an E3 ligase enzyme responsible
for protein ubiquitination required to target misfolded proteins
to proteasomal degradation, ubiquitin molecule, adaptor subunit
SELIL, 0S-9 acting as a lectin and Derlin1, which is proposed as
a component of the channel complex.®*® Furthermore, HERPUD1
expression is widely distributed in all tissues. In particular,
high levels of its expression have been reported in tissues with
advanced secretory ability, such as the pancreas. This feature
of HERPUDT1 suggests that it may play essential roles in tissues
with high secretory properties, such as breast and prostate.
Today, there is very limited data in the literature associating
HERPUDT1 with the carcinogenesis process. A study published
in 2002 showed that androgens induce HERPUD1 gene
expression in prostate cancer cells. Studies conducted with
patient samples determined HERPUDT levels were significantly
suppressed in cancer group samples compared to healthy
tissues. In these studies, it has been suggested that HERPUD!1
may have a function of suppressing tumorigenesis.”” Also, it was
determined that apoptotic cell death was induced in prostate
cells overexpressing HERPUD1.2° Another study exhibited that
oxidative stress formation and cell adaptation genes were
modulated by metformin administration and HERPUD1 was up-
regulated among these genes in doxorubicin-resistant breast
cancer cell lines.?

In the present study, the effect of the DsiRNA-mediated
suppression of HERPUDT expression was investigated on
tumorigenic properties of human breast adenocarcinoma
cell line MCF-7. In this context, HERPUD1 expression was
silenced by using DsiRNA and then its effects on proliferation,
migration, invasion, and colony formation were evaluated in
MCF-7 cells. Also, the effect of HERPUD1 on the cell cycle
and epithelial-mesenchymal transition (EMT) was evaluated
by immunoblotting. Our results showed that the suppression
of HERPUD1 expression importantly decreased cell cycle-
related protein levels in MCF-7 cells and reduced EMT. In
addition, functional assay data indicated that silencing of
HERPUDT strongly limited all tested tumorigenic features of
MCF-7 cells, including cell proliferation, migration, invasion,
and colony formation abilities. Together, these results suggest
that HERPUD1 may be an essential protein in the control of the
tumorigenesis of breast cancer cells.

MATERIALS AND METHODS

Materials

All cell culture-grade reagents, including growth media, fetal
bovine serum (FBS), L-glutamine, and additional growth
requirements were obtained from Biological Industries. Rabbit
polyclonal HERP1 (10813-1-AP) (1:3500), N-cadherin (22018-1-
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AP) (1:1000), and E-cadherin (20874-1-AP) (1:1000) antibodies
were obtained from Proteintech. Rabbit polyclonal cyclin E1
(#20808) (1:2500), cyclin A1 (#91500) (1:2500), and cyclin
B1 (#12231) (1:2500) antibodies were purchased from Cell
Signaling Technology. Rabbit polyclonal vascular endothelial
growth factor A (VEGF-A) (#E-AB-53277) (1:3000) antibody
was provided from Elabscience. Mouse monoclonal beta-actin
antibody (#A5316) (1:10000) was purchased from Sigma-
Aldrich. HRP-conjugated goat anti-mouse (#31430) (1:5000) or
goat anti-rabbit (#31460) (1:5000) IgG (H+L) was ordered from
Thermo Scientific.

Cell culture

Human breast adenocarcinoma cell line MCF-7 (HTB-22®) was
purchased from American Type Culture Collection (ATCC). The
cells were propagated in Dulbecco’'s modified eagle medium
(DMEM) supplemented with 10% FBS and 2mM L-glutamine
under a humidified atmosphere of 5% CO, and 95% air at a
constant temperature of 37 °C. The absence of mycoplasma
contamination was routinely confirmed using the MycoAlert™
Mycoplasma Detection Kit (Lonza).

SIRNA transfection

Negative control DsiRNA and HERP1 DsiRNA were ordered
from Integrated DNA Technologies. DsiRNA transfection was
performed by Xfect™ RNA transfection agent (Takara #631450)
according to the manufacturer’s instructions. MCF-7 cells were
seeded in 6 well cell culture dishes (3.5 x 10° cells/well) and
after 24 h, the transfection was applied. Cells were transfected
with HERPUD1 DsiRNA or control DsiRNA at the indicated
doses.

RNA isolation, cDNA synthesis and quantitative real-time
polymerase chain reaction (qRT-PCR)

Total RNA was isolated using the NEB Monoarch™ miniprep total
RNA isolation kit according to the manufacturer’s instructions
(New England Biolabs). Quantification of the isolated RNAs was
determined using a micro-volume spectrophotometer (MySPEC,
VWR). RNA (1 ug) was reverse transcribed by iScript™ cDNA
synthesis kit following the manufacturer’s instructions (25 °C for
5 min, 46 °C for 20 min, and 95 °C for 5 min) (Bio-Rad). Gene
expression of HERPUD1 was analyzed using iTagq Universal
SYBR green reaction mix in a CFX9 RT-PCR instrument
(Bio-Rad). The protocol steps were followed according to the
manufacturer’s instructions. PCR primer sequences are available
upon request. Fold change for the transcripts were normalized
to the Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH).
Relative quantification was analyzed by using 2% method. In
addition, melting-curve analysis was performed in the last step
of gRT-PCR process to test specificity of the PCR reactions.

Protein isolation and western blotting

Proteinisolation and immunoblotting studies were carried out as
previously reported.?? MCF-7 cells were lysed with an ice-cold
radioimmunoprecipitation assay buffer containing mammalian
protease inhibitor cocktail; samples were centrifuged at 14,000
rpm for 30 min at 4 °C and the supernatant was stored for
further studies. Total protein concentration was measured

using bicinchoninic acid assay (Takara). Approximately 30
pg of protein samples was loaded on hand-cast SDS-PAGE
gels and electrophoretically separated and then proteins
were transferred to the polyvinylidene difluoride membrane.
Following the transfer process, blocking, primary antibody
incubation, washing, origin-specific horseradish peroxidase
(HRP)-conjugated secondary antibody application, washing,
and monitoring of the proteins were followed, respectively.
Protein bands were monitored using clarity western enhanced
chemiluminescence substrate solution in a ChemiDoc XRS+
system (Bio-Rad).

The measurement of cell proliferation

Cell proliferation was analyzed by WST-1-based cell proliferation
assay according to the manufacturer’s instructions (Takara
#MK400). Cells were seeded in a 96 well plate (5000 cells/
wells). To measure cell proliferation, 10 pL/well premix WST-1
reactive was applied and cells were incubated for 2 h under
conventional cell culture conditions. Absorbance reading at a
wavelength of 450 nm was performed on a microplate reader
(BioTek, Epoch 2). Measurements were taken at 24 and 48 h.
The results were graphed to form proliferation curves.

Colony formation assay

Plate colony formation assay was performed as described
before.?2 MCF-7 cells were seeded in 6-well plates with 1000
cells/well and grown under conventional culture conditions for
72 h. At the end of the experiment, cells were washed twice
with ice-cold 1X phosphate-buffered saline (PBS). Following
this, colonies were fixed with alcohol and stained with 0.05%
crystal violet solution (Sigma-Aldrich).

Wound-healing assay

Wound healing assay was achieved as mentioned before.??
MCF-7 cells were seeded in 12 well cell culture plates with
3.5 x 10° cells/well and grown under conventional cell culture
conditions. After 24 h, wounds were formed by using a yellow
200 pL tip and cells were washed twice with sterile 1X PBS to
remove the cell residues. Following this, cells were grown in
a culture medium for 72 h. Percentage of wound closure rates
was analyzed with ImageJ software (http://imagej.nih.gov/ij/).

Invasion assay

Boyden-Chamber invasion assay was performed as described
before.?? Transwells with a size of 8 pm pores (Sarstedt) were
coated with matrigel. In the upper part of the transwell, 10,000
cells were seeded in serum-free DMEM. In the lower section,
a standard 10% FBS containing DMEM medium was added as a
chemoattractant. The cells were incubated under conventional
culture conditions for 72 h. The cells invaded from permeable
Transwell's pores were fixed and stained with a 0.05% crystal
violet solution (Sigma-Aldrich). Counting invaded cells was
performed by photographing from 5 independent areas using a
Sunny SopTop microscope and camera system.

Statistical analysis

The results are presented as mean + standard deviation. The
statistical significance of the differences between the groups
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was determined using Student's t-test with a minimum
confidence interval of 95% using GraphPad Prism 7 software.
A value of p<0.05 was considered significant.

RESULTS

The determination of the optimum HERPUDT DsiRNA
concentration in MCF-7 cells

To examine the role of HERPUDT1 protein in the carcinogenesis
process in human breast adenocarcinoma cell line MCF-7, we
aimed to suppress HERPUD1 expression using DsiRNA. To
determine the optimum HERPUD1 DsiRNA concentration, we
transfected the MCF-7 cells with 1, 2 and 5 nM of HERPUD!
DsiRNA. As a control group, cells were transfected with control
DsiRNA at 5 nM concentration, which is known not to target
any mRNA. The efficiency of silencing HERPUD1 expression
was tested at mRNA and protein levels by gRT-PCR and
immunoblotting assays, respectively (Figure 1a, b). qRT-PCR
results indicated that optimum HERPUD1 DsiRNA concentration
was 2 nM, which reduced HERPUD1 mRNA expression by 50%
compared to the control DsiRNA administered group (Figure
1a). Consistent with the gRT-PCR results, 2 nM HERPUDI1
DsiRNA concentration efficiently suppressed the expression
of HERPUDI1 protein by 50% compared to control DsiRNA
transfected group. These findings showed that the optimum
DsiRNA concentration for silencing HERPUD1 expression was
2 nM in MCF-7 cells (Figure 1b).

The investigation of the effects of HERPUDT suppression on the
epithelial-mesenchymal transformation in MCF-7 cells

We analyzed the protein levels of N-cadherin and E-cadherin,
considered markers associated with EMT, in HERPUDI-
silenced MCF-7 cells by immunoblotting. Likewise, we tested
the expression level of VEGF-A protein, which is associated
with the angiogenesis process in cancer cells. Our findings
revealed that silencing of HERPUD1 remarkably decreased
N-cadherin protein levels, whereas E-cadherin levels were not
affected compared with the control group (Figure 2). Moreover,
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Figure 1. Optimization of effective HERPUD1 DisRNA concentration. (a)
MCF-T7 cells were transfected with HERPUD1 DsiRNA or control DsiRNA at
1nM, 2 nM and 5 nM concentrations for 72 h and then the mRNA expression
levels of HERPUD1 were examined by qRT-PCR. GAPDH was used as a
housekeeping gene and normalized relative quantification of the target
genes was calculated according to GAPDH gene expression. Results are
presented in the graph as a fold change compared to the control group (n:
3) (*p<0.05). (b) Total protein was isolated from HERPUD1 DsiRNA (2 nM,
5 nM) or control DsiRNA (5 nM) transfected MCF-7 cells. HERPUD1 protein
expression was analyzed by immunoblotting studies using HERPUDI1-
specific primary antibody. Beta-actin was used as a loading control.

gqRT-PCR: Quantitative real-time polymerase chain reaction

the silencing of HERPUDT1 strongly decreased the expression
level of VEGF-A protein compared to the control group (Figure
2).

The evaluation of the effects of silencing HERPUDT on cell
cycle-related proteins in MCF-7 cells

Cyclin proteins are critical regulators for the uninterrupted
progression of proteomic and genomic rearrangements
throughout the cell cycle. These proteins are a family of proteins
that activate specific cyclin-dependent kinases during phase
transitions.?** To understand the effect of HERPUD1 protein
on the control of the cell cycle in MCF-7 cells, we tested the
levels of cyclin A2, cyclin B1 and cyclin E1 proteins in DsiRNA-
mediated HERPUD1 suppressed MCF-7 cells by immunoblotting.
Our results showed that HERPUD1 suppression remarkably
decreased the levels of all tested cyclin proteins compared with
the control group (Figure 3).

Determination of the effects of HERPUDT suppression on MCF-
7 cell proliferation

WST-1-based cell proliferation analysis was performed to
evaluate the effects of HERPUD1 silencing on the proliferation
of MCF-7 cells. Our results indicated that HERPUD1 suppression
significantly reduced the proliferation of MCF-7 cells in a time-
dependent manner compared with the control group (Figure 4).
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Figure 2. Investigation of the effects of DsiRNA-mediated HERPUD1
suppression on epithelial-mesenchymal transition and angiogenesis-related
protein levels. The protein levels of N-cadherin, E-cadherin, and VEGF-A
were examined in 2 nM HERPUD1 DsiRNA and control DsiRNA transfected
MCF-7 cells by immunoblotting assay. Beta-actin was used as a loading
control.

VEGF-A: Vascular endothelial growth factor A
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Figure 3. Evaluation of the effects of DsiRNA-mediated HERPUDI1
suppression on the protein levels of cell cycle-related cyclins in MCF-7
cells. The protein levels of cyclin A2, cyclin B1 and cyclin E1 were examined
in 2 nM HERPUD1 DsiRNA and control DsiRNA transfected MCF-7 cells by
immunoblotting assay.
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The investigation of the effects of silencing HERPUDT on the
wound healing ability of MCF-7 cells

Wound healing assay model is a relatively easy and cost-
effective tool for evaluating the migration ability of cancer cells
in vitro. Therefore, we used this assay system to test the effect
of DsiRNA-mediated HERPUD1 suppression on the migration
ability of MCF-7 cells. Our findings displayed that the migration
of MCF-7 cells was significantly reduced by HERPUDI1
suppression compared to control DsiRNA group (Figure 5a, b).

Testing the effects of silencing HERPUDT on the colonial growth
ability of MCF-7 cells

Acquiring the colonial growth ability of cancer cells is accepted
as an important sign of the carcinogenesis process at the
cellular level.”® Thus, to evaluate the relationship of HERPUDT
with tumorigenesis in breast cancer cells, we examined the
effects of silencing HERPUD1 expression on colony formation
ability in MCF-T7 cells by using a 2D colony formation assay. Our
results indicated that DsiRNA-mediated silencing of HERPUD1
expression significantly decreased the colony growth ability
of MCF-7 cells compared with the control DsiRNA-transfected
group (Figure 6a, b).
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Figure 4. Effects of HERPUD1 suppression on the proliferation of MCF-7
cells. MCF-7 cells were transfected with control DsiRNA or 2 nM HERPUD1
DsiRNA and then proliferation rates were analyzed by WST-1 cell proliferation
assay as expressed in the method section. The spectrophotometric results
(OD 450 nm) were presented in the graph (n: 3) (*p<0.05).
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Figure 5. Evaluation of the effects of DsiRNA-mediated HERPUDI1
suppression on migration capacity of MCF-7 cells. (a) O and 72 h of wound
area images (scale: 50 um). (b) Graphical representation of wound closure
rates. Closure rates were analyzed by ImageJ software and the results were
presented in % wound-closure (n: 3) (*p<0.05)

The evaluation of the effects of HERPUD1 suppression on the
invasion capacity of MCF-7 cells

Invasion is considered one of the distinguishing features of
cancer cells and is expressed as the spread of cancerous cells
to neighboring or distant tissues and organs. It is an important
factor leading to the spread of cancer cells and limiting their
treatment efficacy.2® The effects of silencing HERPUDI1
expression on invasion were evaluated by a Matrigel-coated
Boyden-Chamber transwell assay in MCF-7 cells. Our data
indicated that DsiRNA-mediated suppression of HERPUDI1
expression significantly limited the invasion capability of MCF-
7 cells compared with the control group (Figure 7a and b).

DISCUSSION

HERPUD1 has N- and C-terminal regions facing the cytoplasm
andis localized inthe ER membrane. Moreover, it can be induced
through ER stress and homocysteine!* HERPUD1 has been
proposed as one of the significant components of ERAD, which
acts as a structure-scaffolding protein in the ER membrane. It
acts as a shuttle protein in the retrotranslocation step of ERAD
and has no known enzyme activity. On the other hand, it is
involved in the regulation of ERAD by interacting with proteins
involved in ubiquitination and degradation processes in the
retrotranslocation step of ERAD." Moreover, HERPUD1 controls
the proteasomal degradation of the inositol 1,4,5-triphosphate
receptor and ryanodine receptor proteins, which is a Ca*
channel and has a critical role in Ca*2 homeostasis in this
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Figure 6. Evaluation of the effects of DsiRNA-mediated HERPUD1
suppression on colonial growth of MCF-7 cells. (a) Colonial growth of
MCF-7 cells transfected with control DsiRNA or HERPUD1 DsiRNA. (b) %
colonial growth rates were analyzed by ImageJ software and the results
were presented in the graph (n: 3) (*p<0.05)
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Figure 7. Investigation of the effects of DsiRNA-mediated HERPUDI1
suppression on the invasion of MCF-7 cells. MCF-7 cells were transfected
with HERPUD1 DsiRNA or control DsiRNA and then invasion capacity
was analyzed by matrigel-coated Boyden Chamber transwell assay as
described in the method section. (a) Staining of invaded cells on transwell
membrane with 0.05% crystal violet solution (scale: 50 um). (b) Graphical
representation of invaded cells as a % invasion (n: 3) (*p<0.05)
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way.?” HERPUDT1 exhibits a comprehensive expression profile
in all tissues and it has been reported to be expressed at high
levels in tissues with high secretory ability, such as pancreas.”
This finding suggests that members of the ER protein quality
control mechanism, an essential mechanism for transition to
the secretory pathway of which HERPUD1 is a member, may
have important roles in other healthy and cancerous tissues
with high secretion ability, such as breast and prostate.

Herein, we evaluate the effects of silencing HERPUD1 on the
tumorigenic properties of MCF-7 breast cancer cells. A very
limited data is available about the link between HERPUD1 and the
carcinogenesis process in the literature. In studies conducted
with samples from prostate cancer patients, it was reported
that HERPUD1 expression was suppressed to a great extent in
cancer group samples compared to healthy group samples.”
Another study showed that the administration of metformin
to doxorubicin-resistant breast cancer cell lines modulates
oxidative stress generation and cell adaptation genes. Among
these identified genes, HERPUD1 has been reported to be
up-regulated.?’ Today, the functional effects of suppressing
HERPUDT expression in breast cancer cells are still unknown.
Our data showed that DsiRNA-mediated silencing of HERPUD!1
significantly limited the proliferative ability of MCF-7 cells
compared with the control DsiRNA-treated group (Figure 4). In
our microscopic examinations during this process, we did not
observe any characteristics of cell death in HERPUD1-silenced
MCF-7 cells.

Since  EMT parameters are important in evaluating the
tumorigenic capacity of cancer cells, we examined the
E-cadherin and N-cadherin conversion and changes in VEGF-A,
which is associated with angiogenesis.?®? Our findings showed
that the silencing of HERPUD1 markedly reduced N-cadherin
levels, whereas E-cadherin levels were not affected compared
to control DsiRNA-treated MCF-7 cells. Similar to N-cadherin
results, VEGF-A levels were also importantly decreased in the
HERPUD1-silenced group (Figure 2a). ER protein quality control
mechanism tightly controls the levels of EMT proteins, tumor
suppressors and oncogenic proteins.®® These results suggest
that HERPUDT is directly or indirectly involved in the regulation
of N-cadherin and VEGF-A levels in breast cancer cells.

In our trials where we tested the effect of HERPUDT1 on the cell
cycle proteins, we found that suppression of HERPUD1 caused
a decrease in cyclin A2, Bl and E2 levels (Figure 2b). The levels
of cyclin proteins are very important for the control of cell cycle
phase transitions. Cyclin E1 regulates the progression of G
phase to S phase.®® Some retrospective studies have presented
an association between high cyclin E levels and an increased
risk of death from breast cancer.® Cyclin A2 has been proposed
as the bridge between cell cycle and invasion in cancer cells
and it has been reported to be expressed at high levels in
various human tumors.®34 However, it does not always show
a direct correlation with the degree of tumor aggressiveness.®
Cyclin B1 plays a regulatory role in the transition from the
G2 phase to mitosis.* It has been reported that cyclin Bl is
overexpressed in primary breast, gastric and colorectal cancer

cells.®* HERPUDI1 suppression related decreased cyclin levels
suggest that HERPUD1 may be directly related to regulating the
steady-state levels of cell cycle phase transition proteins.

Advanced colonial growth and increased migration-
invasion ability are considered hallmarks of the process of
tumorigenesis.?® To test the possible role of HERPUDT on the
tumorigenic properties of breast cancer cells, we carried
out wound healing, 2D colony formation, and matrigel-coated
Boyden-Chamber invasion assays. Our data indicated that
the colonial growth, migration, and invasion capacity of MCF-
T cells were significantly reduced by HERPUDT1 suppression
(Figures 4-7). Collectively, these functional data suggested that
HERPUDT has an essential role in regulating the tumorigenic
features of MCF-7 cells.

Considering that ERAD mechanism, which functions through
large protein complexes, varies according to the characteristics
of the substrate molecule to be targeted to the proteasome, it is
extremely valuable to investigate the importance of HERPUDT1 in
breast cancer cells in vitro and in vivo studies. Together, present
data suggested that HERPUDT has essential regulatory roles
on cell proliferation, migration, invasion, and colony formation
ability by affecting cell cycle control, EMT, and angiogenesis-
related protein levels in MCF-7 breast cancer cells.

Study limitations

In this study, the biological role of HERPUDT1 in breast cancer
was investigated in vitro. In order to better understand the role
of HERPUD1 in the molecular pathogenesis of breast cancer,
further experimental studies and in vivo trials are needed.

CONCLUSION

Collectively, our results suggest that targeting the HERPUD1
protein, an essential component of the ER protein quality
control mechanism, may be promising for developing selective
treatment approaches for breast cancer.

ACKNOWLEDGEMENTS

We thank Suleyman Demirel University, Innovative Technologies
Application and Research Center (Isparta, Turkiye) for
equipmental support.

Ethics
Ethics Committee Approval: Not applicable.
Informed Consent: Not applicable.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Concept: Y.E., Design: Y.E., Data Collection or Processing: Y.E.,
Y.D., HK.D., D.C., Analysis or Interpretation: Y.E., Literature
Search: Y.E., Writing: Y.E.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: Part of this study was partially supported
by TUBITAK 2209 program (1919B012003632). In addition,
budget within the scope of our project supported by the



ERZURUMLU et al. HERPUD1 and Breast Cancer 163

Sileyman Demirel University internal fund (TSG-2021-8302)
was used in the realization of the studies.

REFERENCES

1.

Sun YS, Zhao Z, Yang ZN, Xu F, Lu HJ, Zhu ZY, Shi W, Jiang J, Yao PP,
Zhu HP. Risk factors and preventions of breast cancer. Int J Biol Sci.
2017;13:1387-1397.

Veronesi U, Marubini E, Del Vecchio M, Manzari A, Andreola S, Greco
M, Luini A, Merson M, Saccozzi R, Rilke F, et al. Local recurrences and
distant metastases after conservative breast cancer treatments: partly
independent events. J Natl Cancer Inst. 1995;87:19-27.

Uppsala-Orebro Breast Cancer Study Group. Sector resection with
or without postoperative radiotherapy for stage | breast cancer: a
randomized trial. J Natl Cancer Inst. 1990;82:277-282.

Moenner M, Pluquet O, Bouchecareilh M, Chevet E. Integrated endoplasmic
reticulum stress responses in cancer. Cancer Res. 2007;67:10631-10634.

Fernandez PM, Tabbara SO, Jacobs LK, Manning FC, Tsangaris TN,
Schwartz AM, Kennedy KA, Patierno SR. Overexpression of the glucose-
regulated stress gene GRP78 in malignant but not benign human breast
lesions. Breast Cancer Res Treat. 2000;59:15-26.

Schwarz DS, Blower MD. The endoplasmic reticulum: structure, function
and response to cellular signaling. Cell Mol Life Sci. 2016;73:79-94.

Morito D, Nagata K. Pathogenic Hijacking of ER-associated degradation:
is ERAD flexible? Mol Cell. 2015;59:335-344.

Nishikawa S, Brodsky JL, Nakatsukasa K. Roles of molecular chaperones
in endoplasmic reticulum (ER) quality control and ER-associated
degradation (ERAD). J Biochem. 2005;137:551-555.

Friedlander R, Jarosch E, Urban J, Volkwein C, Sommer T. A regulatory
link between ER-associated protein degradation and the unfolded-
protein response. Nat Cell Biol. 2000;2:379-384.

. Christianson JC, Ye Y. Cleaning up in the endoplasmic reticulum:

ubiquitin in charge. Nat Struct Mol Biol. 2014;21:325-335.

Liang G, Li Q, Tang Y, Kokame K, Kikuchi T, Wu G, Chen XZ. Polycystin-2
is regulated by endoplasmic reticulum-associated degradation. Hum Mol
Genet. 2008;17:1109-1119.

. Marutani T, Maeda T, Tanabe C, Zou K, Araki W, Kokame K, Michikawa

M, Komano H. ER-stress-inducible Herp, facilitates the degradation of
immature nicastrin. Biochim Biophys Acta. 2011;1810:790-798

Belal C, Ameli NJ, El Kommos A, Bezalel S, Al'Khafaji AM, Mughal MR,
Mattson MP, Kyriazis GA, Tyrberg B, Chan SL. The homocysteine-
inducible endoplasmic reticulum (ER) stress protein Herp counteracts
mutant a-synuclein-induced ER stress via the homeostatic regulation
of ER-resident calcium release channel proteins. Hum Mol Genet.
2012;21:963-977.

. Kokame K, Agarwala KL, Kato H, Miyata T. Herp, a new ubiquitin-like

membrane protein induced by endoplasmic reticulum stress. J Biol
Chem. 2000;275:32846-32853.

Okuda-Shimizu Y, Hendershot LM. Characterization of an ERAD pathway
for nonglycosylated BiP substrates, which require Herp. Mol Cell.
2007;28:544-554.

Schulze A, Standera S, Buerger E, Kikkert M, van Voorden S, Wiertz
E, Koning F, Kloetzel PM, Seeger M. The ubiquitin-domain protein
HERP forms a complex with components of the endoplasmic reticulum
associated degradation pathway. J Mol Biol. 2005;354:1021-1027.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Fumagalli F, Noack J, Bergmann TJ, Cebollero E, Pisoni GB, Fasana
E, Fregno |, Galli C, Loi M, Solda T, D’Antuono R, Raimondi A, Jung M,
Melnyk A, Schorr S, Schreiber A, Simonelli L, Varani L, Wilson-Zbinden
C, Zerbe O, Hofmann K, Peter M, Quadroni M, Zimmermann R, Molinari
M. Translocon component Sec62 acts in endoplasmic reticulum turnover
during stress recovery. Nat Cell Biol. 2016;18:1173-1184.

TY, Kim E, Yoon SK, Yoon JB. Herp enhances ER-associated protein
degradation by recruiting ubiquilins. Biochem Biophys Res Commun.
2008;369:741-746.

Segawa T, Nau ME, Xu LL, Chilukuri RN, Makarem M, Zhang W,
Petrovics G, Sesterhenn IA, McLeod DG, Moul JW, Vahey M, Srivastava
S. Androgen-induced expression of endoplasmic reticulum (ER) stress
response genes in prostate cancer cells. Oncogene. 2002;21:8749-8758.

Hendriksen PJ, Dits NF, Kokame K, Veldhoven A, van Weerden
WM, Bangma CH, Trapman J, Jenster G. Evolution of the androgen
receptor pathway during progression of prostate cancer. Cancer Res.
2006;66:5012-5020.

Marinello PC, Panis C, Silva TNX, Binato R, Abdelhay E, Rodrigues JA,
Mencalha AL, Lopes NMD, Luiz RC, Cecchini R, Cecchini AL. Metformin
prevention of doxorubicin resistance in MCF-7 and MDA-MB-231 involves
oxidative stress generation and modulation of cell adaptation genes. Sci
Rep. 2019;9:5864.

Erzurumlu V, Ballar P. Androgen mediated regulation of endoplasmic
reticulum-associated degradation and its effects on prostate cancer. Sci
Rep. 2017;7:40719.

Lorca T, Labbé JC, Devault A, Fesquet D, Capony JP, Cavadore JC, Le
Bouffant F, Dorée M. Dephosphorylation of cdc2 on threonine 161 is
required for cdc2 kinase inactivation and normal anaphase. EMBO J.
1992;11:2381-2390.

Harper JW, Elledge SJ. The role of Cdk7 in CAK function, a retro-
retrospective. Genes Dev. 1998;12:285-289.

Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discov.
2022;12:31-46.

Friedl P, Wolf K. Tumour-cell invasion and migration: diversity and
escape mechanisms. Nat Rev Cancer. 2003;3:362-374.

Paredes F, Parra V, Torrealba N, Navarro-Marquez M, Gatica D, Bravo-
Sagua R, Troncoso R, Pennanen C, Quiroga C, Chiong M, Caesar
C, Taylor WR, Molgé J, San Martin A, Jaimovich E, Lavandero S.
HERPUDT protects against oxidative stress-induced apoptosis through
downregulation of the inositol 1,4,5-trisphosphate receptor. Free Radic
Biol Med. 2016;90:206-218.

Loh CY, Chai JY, Tang TF, Wong WF, Sethi G, Shanmugam MK, Chong
PP, Looi CY. The E-cadherin and N-cadherin switch in epithelial-
to-mesenchymal transition: signaling, therapeutic implications, and
challenges. Cells. 2019;8:1118.

Carmeliet P. VEGF as a key mediator of angiogenesis in cancer.
Oncology. 2005;69:4-10.

Moon HW, Han HG, Jeon YJ. Protein quality control in the endoplasmic
reticulum and cancer. Int J Mol Sci. 2018;19:3020.

Hwang HC, Clurman BE. Cyclin E in normal and neoplastic cell cycles.
Oncogene. 2005;24:2776-2786.

Colozza M, Azambuja E, Cardoso F, Sotiriou C, Larsimont D, Piccart MJ.
Proliferative markers as prognostic and predictive tools in early breast
cancer: where are we now? Ann Oncol. 2005;16:1723-1739.




164

ERZURUMLU et al. HERPUD1 and Breast Cancer

33

34.

35.

36.

Loukil A, Cheung CT, Bendris N, Lemmers B, Peter M, Blanchard JM.
Cyclin A2: at the crossroads of cell cycle and cell invasion. World J Biol
Chem. 2015;6:346-350.

Bendris N, Loukil A, Cheung C, Arsic N, Rebouissou C, Hipskind R, Peter
M, Lemmers B, Blanchard JM. Cyclin A2: a genuine cell cycle regulator?
Biomol Concepts. 2012;3:535-543.

Blanchard JM. To be or not to be a proliferation marker? Oncogene.
2014;33:954-955.

C, Wang J, Wu P, Li X, Chai Y. Prognostic role of cyclin B1in solid tumors:
a meta-analysis. Oncotarget. 2017;8:2224-2232.

37.

38.

39.

Kawamoto H, Koizumi H, Uchikoshi T. Expression of the G2-M checkpoint
regulators cyclin B1 and cdc2 in nonmalignant and malignant human
breast lesions: immunocytochemical and quantitative image analyses.
Am J Pathol. 1997;150:15-23.

Banerjee SK, Weston AP, Zoubine MN, Campbell DR, Cherian R.
Expression of cdc2 and cyclin B1in Helicobacter pylori-associated gastric
MALT and MALT lymphoma: relationship to cell death, proliferation, and
transformation. Am J Pathol. 2000;156:217-225.

Wang A, Yoshimi N, Ino N, Tanaka T, Mori H. Overexpression of cyclin B1
in human colorectal cancers. J Cancer Res Clin Oncol. 1997;123:124-712.



