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20-Hydroxyeicosatetraenoic acid regulates the
expression of Nedd4-2 in kidney and liver through
a neddylation modification pathway
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Abstract. The present study aimed to test whether 20-hydroxye-
icosatetraenoic acid (20-HETE) affected neddylation
modification of E3-ligase Nedd4-2 (neural precursor cell
expressed, developmentally down-regulated 4-like, E3 ubiq-
uitin protein ligase). A cytochrome P450 family 4 subfamily
F member 2 (CYP4F?2) transgenic mouse model that overpro-
duces 20-HETE in the kidney and the liver was used in the
present study. Transgenic mice with high salt intake exhibited
increased activation of Nedd4-2-mediated ubiquitin-protea-
some pathway. Nedd4-2 expression is increased in the kidney
and decreased in the liver of transgenic mice compared
with wild-type mice. Subsequently, co-immunoprecipitation
analysis indicated that Nedd4-2 was modified by Nedd8, and
the level of neddylation on Nedd4-2 was reduced in the kidney
and increased in the liver of transgenic mice compared with
controls. In addition, sentrin-specific protease 8 (Senp8), a
deneddylation enzyme, is expressed higher in the kidney and
lower in the liver of transgenic mice compared with wild-type
controls. The function of 20-HETE on modulation of
Nedd4-2 were also confirmed in mouse M1 kidney and mouse
NCTC14609 liver cell lines, and the function was restored by
neddylation inhibitor MLLN4924 Data from the present study
demonstrated that 20-HETE upregulated the expression of
Nedd4-2 in the kidney and downregulated expression in the
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liver through the neddylation modification pathway, at least
partly, depending on the effects on Senp8 deneddylation.

Introduction

20-Hydroxyeicosatetraenoic acid (20-HETE) is primarily
produced in the kidney and the liver, and serves a role in
hypertension, metabolic dysfunction and cancers. It has been
reported previously that 20-HETE functions in a tissue-specific
manner, particularly in hemorheology, which may account for
its ‘prohypertensive’ function in peripheral arteries like pulmo-
nary arteries (1) and its ‘antihypertensive’ role in coronary
arteries (2). Our previous study developed a cytochrome P450
family 4 subfamily F member 2 (CYP4F2) transgenic mouse
that overproduced 20-HETE in kidney and liver, exhibiting a
hypertension phenotype (3). Our previous study also demon-
strated that Nedd4-2-mediated ubiquitin-proteasome pathway
was induced in the transgenic mice with high salt intake,
which resulted in the degradation of kidney-specific Na-K-Cl
symporter2 (NKCC?2), and thus affected natriuresis and blood
pressure (4). Therefore, the present study hypothesized that
production of the multifunctional 20-HETE metabolite in a
tissue-specific pattern may be related to its role in modulating
Nedd4-2.

As an E3 ubiquitin ligase of the Nedd4 family, Nedd4-2
probably modulates and binds to multiple membrane proteins
to aid in their internalization and turnover (5,6). Dysfunctions
of Nedd4-2 have been implicated in many human pathologies
through the targeted membrane proteins; for example, inhibi-
tion of the interaction between Nedd4-2 and epithelial sodium
channel (ENaC) leads to Liddle's syndrome (7), downregula-
tion of voltage-gated sodium channels by Nedd4-2 contributes
to neuropathic pain (8), altered levels of Nedd4-2 are linked to
multiple tumor types (9,10) and genetic variation in Nedd4-2
is associated with hypertension (11). Therefore, the present
study examined post-translational modifications to explore the
potential mechanism of 20-HETE-regulated Nedd4-2 expres-
sion in the CYP4F?2 transgenic mouse model.

Neddylation is a post-translational modification whereby
the ubiquitin-like protein, NeddS, is conjugated to target
proteins. Like the ubiquitin pathway, neddylation is a cascade
pathway of specific El, E2 and E3 enzymes, which deliver
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Nedd8 to substrates in a covalent bond. So far defined,
the only El that is involved in the neddylation process is a
heterodimer comprising amyloid 3 precursor protein-binding
protein 1 and ubiquitin-like modifier-activating enzyme3.
There are two E2 enzymes involved in the neddylation process:
Ubiquitin-conjugating enzyme E2 M and ubiquitin-conju-
gating enzyme E2 F (12,13). Certain enzymes have been
reported to be of the E3 type in neddylation, such as regulator
of cullins 1/RING-box protein 1 (12-14) and Smurfl (15). This
post-translational modification was reported to be involved in
an extensive pathophysiology process depending on the specific
E3, and the best studied of these E3 ligases belong to the
cullin-RING ubiquitin ligase (CRL) family (16). Neddylation
has been reported to promote the ubiquitination activity of
CRLs for the activation of cullin 3-adaptor-E3 ubiquitin ligase
complex and the prevention of binding to the structural-based
inhibitory factor (17). Neddylation of CRLs may be reversed
through deneddylation, a process that removes Nedd8 through
the isopeptidase activity of the COP9 signalosome complex
(CSN) (18). Therefore, both neddylation and deneddylation,
which cycle E3 ligases between activated and inactivated
states, may be essential for the ubiquitination activities of
E3 ligases. Furthermore, an inhibitor of neddylation EI,
MLN4924, has been reported to stop the neddylation cycle (19)
and to effectively suppress the development of multiple
tumor types (20,21). As aforementioned, it was reported that
HECT-type E3 ubiquitin-protein ligase Smurfl was activated
by neddylation through a thioester bond at C426, which was
revealed to be correlated with colon cancer progression and
poor prognosis (15).

The present study aimed to elucidate the neddylation of
Nedd4-2 and to determine the tissue-specific influence of
20-HETE on Nedd4-2. Nedd4-2 expressions in the liver and
the kidney were compared between CYP4F2 transgenic mice
and wild-type mice, and the interaction of Nedd4-2 with NeddS8
was examined. The results may provide the first evidence that
20-HETE regulated Nedd4-2 through neddylation modifica-
tion in kidney and liver.

Materials and methods

Antibodies and reagents. Rabbit anti-Nedd8 polyclonal anti-
body was obtained from Enzo Life Sciences, Inc. (catalog
no. ALX-210-194-R200; Farmingdale, NY, USA); rabbit
anti-Senp8 polyclonal antibody was obtained from Abcam
(catalog no. ab58423; Cambridge, UK); rabbit anti-Nedd4L
polyclonal antibody (catalog no. 13690-1-AP); rabbit
anti-tubulin polyclonal antibody (catalog no. 10094-1-AP)
and mouse anti-GAPDH monoclonal antibody (catalog
no. 60004-1-Ig) were purchased from ProteinTech Group,
Inc. [(Chicago, IL, USA). Fetal bovine serum (FBS) and
RPMI-1640 culture medium were purchased from Biological
Industries, USA, Inc. (Cromwell, CN, USA)], and 20-HETE
was purchased from Cayman Chemical Company (catalog
no. 90030; Ann Arbor, MI, USA). MLN4924 was purchased
from Active Biochem (A-1139; Kowloon, Hong Kong).

Transgenic mouse. This study was approved by the Ethics
committee of Shengjing Hospital (Shenyang, China). All
animal-related experiments conformed to the Guide for the
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Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication no. 85-23,
revised 1996). The CYP4F2 transgenic mice overexpressing
CYP4F2 was a FVB strain (3). Experiments were performed
on 12- to 16-week-old male transgenic mice weighing 24-30 g.
All mice were matched in weight and age with littermate
wild-type FVB mice as controls (a gift from Animal Laboratory
of China Medical University). All mice were provided with
food and water ad libitum under a 12-h light-dark cycle and
controlled temperature (23+2°C).

Cell culture. The mouse M1 kidney cell line and the mouse
NCTC1469 liver cell line were purchased from the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai,
China) and were cultured in DMEM and RPMI-1640 medium,
respectively, at 37°C in a humidified 5% CO, atmosphere.
Cells were cultured in 6-well plates until 75% confluence, after
which the cells were placed in fetal bovine serum-free medium
(99% DMEM or 1640 with 1% mycillin) for 4 h at 37°C in
a humidified 5% CO, atmosphere. Control cells were treated
with vehicle (0.1% ethanol). Experimental cell cultures were
treated with 20-HETE at different concentrations (0.1, 0.5, 1,
2.5 or 10 uM for 1 h at 37°C in a humidified 5% CO, atmo-
sphere), followed by incubation with 1 M 20-HETE for 10, 30,
60, 120 or 240 min in a 37°C incubator. The greatest change
of protein expression in Nedd4-2 occurred at 1 xM at 120 min.
Subsequent analyses were performed under these conditions.
The medium was replaced with medium containing 10% fetal
bovine serum and 1% mycillin 30 min prior to harvest. For
MLN4924 treatments, the cells were treated with MLN4924
at different concentrations (0.1, 1 or 2.5 uM for 24 h at 37°C
for 120 min after 1 uM 20-HETE was added). The greatest
change in protein expression of Nedd4-2 was observed with
2.5 uM MLN4924 treatment, and subsequent experiments
were performed under these conditions.

Immunohistochemical staining. Mice were sacrificed by
decapitation. Their kidney and liver were quickly removed
and then fixed in 10% formalin solution for 48 h at room
temperature. The tissues were subjected to routine processing
for paraffin embedding, and sections (4 xm) were placed onto
glass slides coated with triethoxysilane, air-dried, fixed in a
50% acetone/methanol solution at 4°C for 2 h, deparaffinized
with xylene, rehydrated in an alcohol series and washed with
PBS. Some of the sections were stained with hematoxylin
and eosin for 3 min at room temperature to determine the
histological type. For the remaining sections, antigen retrieval
was performed in 10 mM sodium citrate buffer (pH 6) for
10 min at 100°C, then the sections were subjected to blocking
of endogenous peroxidases by incubation for 30 min in 3%
H,0, solution at room temperature, and blocking non-specific
binding sites with 1/100 diluted goat serum for 40 min at
room temperature. After blocking, the sections were incubated
with primary antibodies (1:100) at 4°C overnight. Sections
were washed with PBS and incubated with biotin-conjugated
secondary antibodies for 30 min. The sections were washed
with PBS and avidin-biotin complex (1:1,000) was added
to the sections for 60 min at room temperature. Following
extensive washing with PBS, immunoreactive products were
visualized by reaction with 3,3'-diaminobenzidine, catalyzed
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by horseradish peroxidase in the presence of H,O,. Sections
were counterstained with Gill's hematoxylin for 3 min at room
temperature, dehydrated in ascending methanol series, cleared
with xylene and mounted under a coverslip. All Images were
observed using light microscope (Nikon Eclipse CI; Nikon
Corporation, Tokyo, Japan).

Western blot analysis. Total protein was extracted from
cells (6 well plates, 2.5x10° cells in each well) or tissues
(weighing 150 ug) and the concentration was determined
with the Bradford method. Proteins (40 pg) were denatured
at 95°C for =5 min and were separated by one-dimensional
10% SDS-PAGE and transferred onto polyvinylidene fluoride
(PVDF) membranes (catalog no. ISEQ00010; EMD Millipore,
Billerica, MA, USA). Membranes were subsequently blocked
with skimmed milk powder [5%, diluted in 1% TBS containing
0.5% Tween-20 (TBST)] at room temperature for 2 h. Then
the PVDF membrane was washed with TBST. After that the
membrane was incubated with primary antibodies against
Nedd4-2 (1:1,000), Nedd8 (1:1,000), Senp8 (1:1,000), tubulin
(1:10,000) or GAPDH (1:10,000) at 4°C overnight with gentle
shaking. Membranes were incubated with horseradish perox-
idase-conjugated goat anti-rabbit IgG (catalog no. ab97051;
1:5,000) or goat anti-mouse IgG (catalog no. ab97023; 1:5,000)
(both from Abcam) for >1 h at room temperature. Following
washing with TBST, protein bands were visualized with an
Enhanced Chemiluminescence kit (catalog no. B18005;
Biotool; Selleck Chemicals, Shanghai, China). Densitometry
was performed using Quantity One software version 4.2
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) and normal-
ized to GAPDH or tubulin.

Co-immunoprecipitation (co-IP). Kidney and liver tissue
(weighing 800 pg) were prepared by homogenizing the frozen
tissues or cells in four 75 cm? cell culture flasks in lysis
buffer containing protease inhibitors, and the concentration
was determined by the Bradford method. A total of 500 pug
protein was incubated with Nedd4-2 primary antibody (1:500,
catalog no. 13690-1-AP, ProteinTech Group, Inc. Chicago, IL,
USA) rotating at 4°C for 3 h overnight. Subsequently, protein
A/G PLUS-agarose (30 ul; Santa Cruz Biotechnology, Inc.,
Dallas, TX USA) was added and incubated with rotation at
4°C overnight. The protein A/G beads were then collected
by centrifugation (4°C, 2,200 x g, 5 min) and washed three
times with TBST. Immunoprecipitates were incubated with
2X loading buffer (Beijing TransGen Biotech, Co., Ltd.,
Beijing, China) and immediately denatured 95°C for >5 min
and analyzed by western blotting.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Total RNA (1 ug) was extracted from
tissues (50 pug) and cells (6 well plates, 2.5x10° cells in each)
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), and was reverse transcribed with
random primers using the Reverse Transcription Reagent
kit (Takara Biotechnology Co., Ltd., Dalian, China)),
following the manufacturer's protocol. qPCR was performed
using SYBR Premix Ex Taq II (catalog no. RR820; Takara
Biotechnology Co., Ltd.), according to the manufacturer's
protocol, and the Applied Biosystems 7500 Real-Time PCR
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System (Thermo Fisher Scientific, Inc.). The qPCR reac-
tion condition was as follows: 95°C for 5 min; followed
by 40 cycles of 95°C for 15 sec and 60°C for 50 sec. As an
internal control, GAPDH was measured under the same condi-
tions in RT-qPCR. Primer sequences were: Nedd4-2, forward
5'"TGAAGCCCAATGGGTCAGAAATA-3', reverse 5'-GGA
CCCTGTTCACAAATCTCCAC-3"; and GAPDH, forward
5'-GAAGGTGAAGGTCGGAGTC-3, reverse 5'-GAAGAT
GGTGATGGGATTTC-3'. mRNA expression levels were
quantified using the 222 and normalized to the internal
reference gene GAPDH (22).

Statistical analysis. All experimental data were derived from at
least three independent experiments. All expression data were
presented as mean + standard error of the mean. Statistical
analysis of two samples was performed with Student's t-test
analysis. Statistical analyses among multiple groups were
performed using a one-way analysis of variance followed
by Bonferroni's post hoc test. Analysis was performed using
SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Comparison of Nedd4-2 expression between CYP4F?2
transgenic mice and wild-type mice. As 20-HETE is produced
mainly in the kidney and liver, the present study aimed to deter-
mine the effects of 20-HETE on Nedd4-2 expression in kidney
and liver tissues by comparing the expression levels of Nedd4-2
between CYP4F?2 transgenic mice and wild-type control mice.
Western blotting results demonstrated that Nedd4-2 protein is
expressed at higher levels in kidney and lower levels in liver
of transgenic mice compared to expression in the matching
tissues of wild-type mice (Fig. 1A). Immunohistochemical
analysis confirmed that Nedd4-2 protein expression was higher
in transgenic kidney tissues and lower in transgenic liver tissues
compared with the wild-type control tissues (Fig. 1B). Conversely,
RT-gPCR results identified no significant differences between
the Nedd4-2 mRNA expression levels in kidney and liver of
transgenic mouse compared with wild-type mice (Fig. 1C).
Similarly, no significant differences were identified between the
Nedd4-2 mRNA expression levels in mouse kidney cell line M1
and mouse liver cell line NCTC1469 when 20-HETE was added
(Figs. 1D and 4B). These results indicated that 20-HETE was
able to regulate Nedd4-2 expression in a tissue-specific manner,
and this regulation was at the post-transcriptional level.

Nedd4-2is neddylated in kidney and liver tissues. As neddylation
is an important post-translational modification of E3 ligase,
whether or not Nedd4-2 is modified by Nedd8 was examined.
Co-IP was used to determine the interaction between Nedd8 and
Nedd4-2 in kidney and liver tissues, which demonstrated that
Nedd4-2 was modified by NeddS in both kidney and liver tissue
(Fig. 2A). However, Nedd8 binding to Nedd4-2 was weaker in
kidney and stronger in liver of transgenic mice compared with
wild-type controls, which was opposite to protein expression
in kidney and liver. In addition, Nedd8 protein expression was
detected in kidney and liver tissues by immunohistochem-
istry (Fig. 2B). Nedd8 was expressed higher in both liver and
kidney tissues of transgenic mice compared with expression in
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Figure 1. Expression of Nedd4-2 in kidney and liver tissues of transgenic mice and wild-type controls. (A) Western blotting revealed a relatively higher
level of Nedd4-2 protein expression in kidney and a lower level in liver of transgenic mice compared with wild-type mice. All experiments were performed
three times independently; n=6 (the tissues in these 3 independent experiments were from 6 mice including 3 TG mice and 3 WT mice); "P<0.05 vs. WT
kidney; "P<0.05 vs. WT liver. (B) Representative immunostaining images of the expression of Nedd4-2 in kidney and liver tissues; Scale bar, 50 ym; n=6;
(C) Reverse transcription-quantitative polymerase chain reaction analyses indicated no significant difference of Nedd4-2 mRNA expression in kidney and liver
of transgenic mice and wild-type controls. (D) Reverse transcription-quantitative polymerase chain reaction analyses indicated no significant differences were
identified between the Nedd4-2 mRNA expression levels in mouse kidney cell line M1 and mouse liver cell line NCTC1469 when 20-HETE was added. All
experiments were performed three times independently. Nedd4-2, neural precursor cell expressed developmentally downregulated 4-like, E3 ubiquitin-protein
ligase; TG, transgenic; WT, wild-type.
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Figure 2. Identification of Nedd4-2 neddylation. (A) Co-immunoprecipitation in kidney and liver of mice demonstrated that interaction was weaker in kidney
and stronger in liver. (B) Immunohistochemistry showed that Nedd8 protein expression is higher in both the liver and kidney of transgenic mice compared with
wild-type mice; scale bar, 50 ym. Nedd, neural precursor cell expressed developmentally downregulated; TG, transgenic; WT, wild-type.

wild-type control tissues. These data suggested that 20-HETE
may reduce the neddylation of Nedd4-2 in kidney, which may
lead to increased expression of Nedd4-2, and that 20-HETE may
increase neddylation of Nedd4-2 in liver, resulting in decreased
expression of Nedd4-2 in mice.

Expression of Senp8 in CYP4F2 transgenic mice and
wild-type mice. To investigate why 20-HETE regulated
Nedd4-2 expression contrary to its neddylation status, expres-
sion of the deneddylation enzyme Senp8 was examined in

CYP4F?2 transgenic and in wild-type mice. Western blotting
demonstrated that Senp8 expression was higher in the kidney
of transgenic mice compared with wild-type control tissues,
and Senp8 expression was lower in transgenic liver tissues
compared with wild-type (Fig. 3A). Similar Senp8 protein
expression results were obtained from western blotting
(Fig. 3B). These data implied that 20-HETE may affect Senp8
expression, which may increase the dissociation of Nedd8
from Nedd4-2 in kidney and decrease the dissociation of
Nedd8 from Nedd4-2 in liver, resulting in the downregulation
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Figure 3. Expression of Senp8 in TG and WT mouse tissues. (A) Immunohistochemical analyses demonstrated that the expression of Senp8 was increased
in transgenic mouse kidney, and decreased in transgenic mouse liver compared with their respective wild-type controls; n=6; scale bar, 50 ym. (B) Western
blotting demonstrated that the expression of Senp8 was higher in kidney of transgenic mice than wild-type control kidney, and Senp8 expression was lower
in transgenic mouse liver compare with expression in wild-type controls; all experiments were performed three times independently; n=6 (the tissues in these
3 independent experiments were from 6 mice including 3 TG mice and 3 WT mice); "P<0.05 vs. WT kidney; "P<0.05 vs. WT liver. Senp8, sentrin-specific

protease 8; TG, transgenic; WT, wild-type.

of Nedd4-2 neddylation in kidney and the upregulation of
Nedd4-2 neddylation in liver.

Effects of 20-HETE on neddylation of Nedd4-2. To verify the
aforementioned ex vivo results, which indicated that differen-
tial Nedd4-2 expression may be linked to neddylation status
in kidney and liver of transgenic mice, M1 and NCTC1469
cells were treated with 20-HETE. Co-IP analysis demonstrated
that 20-HETE treatment resulted in less binding of NeddS8
to Nedd4-2 in M1 kidney cells and increased binding in
NCTC14609 liver cells compared with the respective untreated
controls (Fig. 4A). Furthermore, western blotting demonstrated
that Nedd4-2 expression was higher in 20-HETE-treated
M1 cells and lower in 20-HETE-treated NCTC1469 cells
compared with untreated controls (Fig. 4B). To determine
the reason for this inverse effect of 20-HETE on neddylation
of Nedd4-2, Senp8 protein expression was determined in the
same tissues. The results showed that Senp8 expression was in
line with Nedd4-2 expression (Fig. 4B). In addition, the effects
of 20-HETE on Nedd4-2 were eliminated by co-culturing cell
with the neddylation inhibitor MLN4924, which demonstrated
that the 20-HETE-induced increases of Nedd4-2 and Senp8
protein expression levels in M1 cells were blocked by MLLN4924,
and the 20-HETE-induced decreases of Nedd4-2 and Senp8
expression were restored by MLN4924 in NCTC1469 cells
(Fig.4C). Therefore, these results suggested that 20-HETE may
positively regulate Nedd4-2 expression through the neddylation
pathway in kidney and negatively regulate Nedd4-2 expression
in liver. This regulation of 20-HETE performed partly through
its effect on the neddylation process.

Disccusion

A previous study suggested that the most well-known func-
tion of neddylation is to enhance E3 ligase activity (23).

The ubiquitination activity of E3 ligases depends in part on
neddylation. The CRL family was the first identified and
well-studied substrate of neddylation (14,24). Covalent binding
of Nedd8 to a conserved lysine in the C-terminal domain
stimulates CRL ubiquitination activity and prevents them from
binding to the structural-based inhibitor cullin-associated
Nedd8-dissociated protein 1 (25). However, the function of
Nedd8 covalent conjugation is not only to activate, but also to
confer an intrinsic instability (26). Chung et al demonstrated
that neddylated cullin proteins are recycled and the conjugated
Nedd8 is removed by CSN isopeptidase; otherwise, they are
efficiently degraded (27). Thus, the neddylation/deneddylation
cycle provides a way to maintain normal cellular levels of
activated E3 ubiquitin ligase and to prevent excessive ubiquitin
ligase activity (28). Nedd4-2 acts as an E3 ubiquitin ligase
of the HECT-type ubiquitin ligase family and has potential
Nedd8 covalent conjugation (15).

Neddylation of Nedd4-2 has not been reported to date. In
regard to the regulation of Nedd4-2 function, serum/glucocor-
ticoid-regulated kinase 1 has been reported to phosphorylate
serine residues 222 and 328 of Nedd4-2, which promoted its
binding to 14-3-3 proteins, and consequently inhibited the
interaction with its substrates, such as NKCC2 and ENaC (29).
It also has been reported that Nedd4-2 is controlled by
auto-ubiquitination; however, it may weakly bind to the PY
motif in its HECT domain through its WW domain, which
suggested that this intramolecular interaction may inhibit its
auto-ubiquitination (30). Using co-IP, the present study identi-
fied an interaction of Nedd8 with Nedd4-2 in kidney and liver
tissues of mice, as well as in M1 and NCTC1469 cell lines. To
the best of our knowledge, this is the first preliminary report to
demonstrate that Nedd4-2 was modified by Nedd8. Consistent
with this, neddylation of Smurfl, such as with HECT-like
ligase, has been reported (15). In addition, the data from
comparisons between CYP4F2 transgenic mice and wild-type
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Figure 4. 20-HETE affects the neddylaton of Nedd4-2 in cell culture through
Senp8. (A) In M1 mouse kidney cells, Nedd4-2 was less modified by Nedd8
following addition of 20-HETE to the culture medium, whereas the opposite
was observed in NCTC1469 mouse liver cells. (B) Western blotting in cell
cultures demonstrated that 20-HETE treatment promoted the expression of
Senp8 in M1 cells, but inhibited its expression in NCTC1469, which may
result in a notable change in Nedd4-2 expression. All experiments were
performed three times independently; n=6 (the tissues in these 3 independent
experiments were from 6 mice including 3 TG mice and 3 WT mice); "P<0.05
vs. control; "P<0.05 vs. control. (C) Recovery experiments: In M1 cells
treated with 20-HETE alone, the expression level of Nedd4-2 and Senp8 were
upregulated, whereas when both MLLN4924 and 20-HETE were added, the
expression of Nedd4-2 and Senp8 were recovered, compared with untreated
control; the opposite results were observed in NCTC1469 cells. 20-HETE,
20-hydroxyeicosatetraenoic acid; Nedd4-2, neural precursor cell expressed
developmentally downregulated 4-like, E3 ubiquitin-protein ligase; Senp8,
sentrin-specific protease 8.

mice demonstrated that 20-HETE reduced the neddylation of
Nedd4-2 in kidney, leading to probably increased expression
of Nedd4-2, and that 20-HETE increased the neddylation
of Nedd4-2 in liver, which probably resulted in decreased
expression of Nedd4-2 in mice. To verify 20-HETE positively
regulated Nedd4-2 in kidney and negatively regulated Nedd4-2
in liver, expression of the deneddylation enzyme Senp8 was
examined between transgenic mice and wide-type mice.
Senp8, also known as DCN1, was reported more efficient to
hyper-neddylated cullins (cullins with more than one combine
site of nedd8) and non-cullins compared to mono-neddylated
ones (cullins with only one combine site of nedd8) (17,23) The
results revealed that Senp8 expression was higher in kidney
and lower in liver of transgenic mice compared with wild-type
mice, which was similar to the expression of Nedd4-2. Notably,
cell culture experiments indicated that the effects of 20-HETE
on Nedd4-2 and Senp8 expression were recovered by treatment
with the inhibitor MLN4924, which indicated that 20-HETE
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regulation of Nedd4-2 and Senp8 was at least partly depen-
dent on neddylation modification. Therefore, it was inferred
that increased levels of Senp8 dissociated more Nedd8 from
Nedd4-2 in kidney to interfere with self-ubiquitination and
degradation, and that the opposite occurred in the liver.

Notably, 20-HETE may function in a tissue-specific
manner in the kidney and liver: The present study demon-
strated that 20-HETE increased the expression of Nedd4-2
and Senp8 in kidney and decreased their expression levels
in the liver. In addition, 20-HETE decreased the neddylation
of Nedd4-2 in kidney and increased Nedd4-2 neddylation
in the liver. Similarly, previous studies have demonstrated
tissue-specific expression in the vascular system. On the
one hand, 20-HETE was reported to be a vasoconstrictor in
renal and cerebral arteries through activation of the protein
kinase C or mitogen-activated protein kinase pathway (31). In
addition, 20-HETE may also directly affect the L-type Ca**
channels on the cell membrane to increase the concentration
of intracellular Ca*, thus triggering vasoconstriction (32). In
addition to the vascular system, Nowicki et al have reported
that 20-HETE inhibited a cAMP-dependent pathway in the
kidney of rats that consumed a potassium-deficient diet (33).
By contrast, results from our previous study demonstrated that
20-HETE activated the cAMP pathway in the liver of CYP4F2
transgenic mice (34). In blood pressure regulation, 20-HETE
exhibited both prohypertensive and antihypertensive actions
through vasoconstriction and natriuresis. This dual role was
also evident in or CYP4F2 transgenic mice: 20-HETE had a
prohypertensive role in the transgenic mice fed a normal salt
diet, whereas 20-HETE exhibited an antihypertensive role by
promoting natriuresis in transgenic mice fed a high salt diet (4).
This demonstrated that 20-HETE serves different roles in
various tissues. The role of 20-HETE is extensive and compli-
cated. These data may provide an insight into the function of
20-HETE on neddylation modification of Nedd4-2. 20-HETE
not only participated in blood pressure regulation but was
also involved in tumor formation and progression (35), kidney
diseases (36) and plasma glucose regulation (34). The present
study demonstrated that 20-HETE regulates the expression of
Nedd4-2 and Senp8 positively in kidney and negatively in liver.
One possible explanation for the differential regulation is that
20-HETE may activate different pathways in different tissues,
as 20-HETE has high lipid solubility and is able to freely pass
through the cell membrane and exert multiple functions (37).
Further examinations of 20-HETE-induced pathways in kidney
and liver are required. Another possible explanation is that
20-HETE may have its own receptor that may be distributed
differently in various tissues. Recently, several studies have
sought to identify a 20-HETE receptor (38,39), which may
help to explain the regulation of 20-HETE in kidney and liver.

In summary, the present study demonstrated that 20-HETE
upregulated Senp8 expression, which enhanced the dened-
dylation of Nedd4-2 and interfered with Nedd4-2 degradation,
and subsequently resulted in an increased expression level of
Nedd4-2 in kidney, and that the opposite effects occured in
the liver. The mechanisms by which 20-HETE positively regu-
lated Nedd4-2 in kidney and negatively regulated Nedd4-2 in
the liver remain to be fully understood, but the regulation of
20-HETE between neddylation and deneddylation of Nedd4-2
may be involved.
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