Int J Clin Exp Pathol 2019;12(5):1826-1834
www.ijcep.com /ISSN:1936-2625/1JCEPO092788

Original Article

Transcription coactivator p300 promotes inflammation
by enhancing p65 subunit activation in
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Abstract: Background: p300, a transcription co-activator, plays an important role in multicellular organisms and in-
flammation. However, the mechanism of p300 in type 2 diabetes nephropathy (T2DN) remains largely unknown. Our
aim is to explore the mechanism of p300 in T2DN. Methods: A T2DN mice model was induced by db/db transgenic
mice or a high fat diet for 24 weeks. The levels of IL.-6 and TNF-a were examined by real-time PCR (RT-PCR) in the
renal cortex and by an enzyme linked immunosorbent assay (ELISA) in the serum of the T2DN mice. p300 siRNA
was used to knockdown the expression of p300, and His-tagged-p300 plasmid was used to overexpress the p300
protein level in podocytes. Hematoxylin-eosin staining (H&E) and Masson trichrome analysis were used to detect
the kidney pathology in T2DN. Results: The levels of IL-6 and TNF-a were significantly increased in T2DN. p300 was
significantly increased in T2DN. Consistently, p300 silencing significantly suppressed the inflammatory response
and the overexpression of p300 significantly promoted the production of IL-6 and TNF-a in T2DN. Conclusions: This
study demonstrated that the production of IL-6 and TNF-&, and the expression of p300, were increased in T2DN.
Furthermore, P300 significantly promoted the activation of the NF-kB subunit p65 through a direct association with

p65 in T2DN, subsequently enhancing the production of IL.-6 and TNF-a.
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Introduction

Type 2 diabetes is a long-term metabolic disor-
der characterized by hyperglycemia, insulin re-
sistance, and inflammation [1-3]. Long-term hy-
perglycemia affects multiple tissues and or-
gans of the body, leading to various chronic
complications including nephropathy [4]. Di-
abetic nephropathy (DN), is one of the most
common diabetic complications and occurs in
both type 1 and type 2 diabetes and develops
in approximately 30% of diabetic patients.
Diabetic nephropathy can develop into nephrit-
ic syndrome, eventually leading to kidney fail-
ure and death [5]. DN is a leading cause of end-
stage renal disease and has a high morbidity
and mortality in diabetic patients [6, 7]. The
morbidity of DN has tremendously increased
with the increasing incidence and prevalence of
diabetes, and the pathogenesis of DN has not
been fully understood [8, 9]. Recent studies
have shown that the inflammatory response is
crucial in the development and progression of

DN, even though DN has not been traditionally
considered an inflammatory disease [2, 10,
11].

The nuclear factor-kappa B (NF-kB) family of
transcription factors regulates multiple biologi-
cal events including cell growth, survival, and
the immune response. Structurally conserved
members of the NF-kB/Rel family function as
dimers in various combinations including p50,
p52, p65 (Rel A), Rel B, and c-Rel. NF-kB exists
in an inactive form in the cytoplasm because of
its interaction with the inhibitory protein, IkBa
[12, 13]. Upon stimulation, the IkB kinase (IKK)
phosphorylates IkB, causing ubiquitination and
proteasomal degradation, which allows NF-kB
to translocate into the nucleus and thus acti-
vates the expression of target genes [14, 15].
NF-kB serves a major role in the inflammatory
and innate immune responses by regulating
genes that encode inflammatory cytokines, su-
ch as tumor necrosis factor-a« (TNF-¢), in-
terleukin-1B (IL-1B) and interleukin-6 (IL-6) [16,
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17]. The activation of NF-kB and the transcrip-
tion of certain proinflammatory cytokines have
been demonstrated as markers of progressive
DN [18]. This finding strongly suggests that
NF-kB-mediated inflammatory processes may
represent a novel mechanism leading to DN.
Therefore, reducing renal inflammation may be
a novel therapeutic strategy for DN.

The most common active form of NF-kB is a
heterodimer of two subunits, p65 (RelA) and
p50 (NF-kB 1). The subunit p65 - but not p50 -
contains an activation domain that binds to the
co-activators for transcription initiation [19].
p300 and its paralog co-activator proteins,
such as the CREB binding protein (CBP), are
general transcriptional co-activators that help
NF-kB bridge with the basal transcription ma-
chinery [19, 20]. p300 possesses intrinsic his-
tone acetylase (HAT) activity, which is neces-
sary to open the chromatin structure through
an acetylation-induced conformational change
in histone protein [21]. Previous studies have
shown that p300 aids in recruiting p65 NF-kB
to the promoters of its target genes and may
play an important role in the production of
inflammatory cytokines. [22, 23] However, the
mechanism of the activation of NF-kB subunit
p65 by p300 remains to be established in DN.

In this study, we tried to explore the role of
p300 in the inflammation of T2DN and to find
out whether the inhibition of p300 can sup-
press the production of inflammatory cytokines
in T2DN.

Materials and methods
Animals

Db/wt (n = 12) and db/db (n = 12) mice with a
C57BLKS/J background were purchased from
the Institute of Model Animal Science (Nanjing
University) and raised in SPF conditions. The
mice were fed ad libitum with a standard diet
and kept under a light-dark cycle of 12 h (n =6
per group). The Db/wt and db/db mice were
sacrificed at 18 weeks. At 8 weeks, the mice
were randomly divided into two groups (n = 6
per group): the normal chow diet (ND) group
and the high-fat diet group. All the mice were
then fed for another 24 weeks. ND consists of
10% fat, 20% protein, and 70% carbohydrate
(18.8 kJ/g). The HF (high fat) diet consists of
31.5% fat, 16% protein, and 52.5% carbohy-
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drate (23.3 kJ/g). The T2DN mice were defined
as high protein urea, high serum creatinine,
and urea nitrogen. All study procedures and
methods were approved and performed in ac-
cordance with the relevant guidelines and regu-
lations by the Animal Care and Use Committee
of Chengdu First People’s Hospital.

Blood and kidney examination

The mice were anesthetized using an intraperi-
toneal injection of pentobarbital, and blood
samples were drawn from the tail vein after
food and water fasting for a minimum of 10 h.
The serum was collected after the blood sam-
ples were placed at room temperature for 30
minutes and spun at 3000 rpm for 15 minutes
at 4°C, then subjected to an ELISA measure-
ment of the inflammatory cytokines (IL-13, IL-6
and TNF-a) according to the manufacturer’s
instructions (R&D, Minnesota, USA). The mice
were sacrificed by cervical dislocation and the
two kidneys of each mouse were collected. One
kidney was stored at -80°C for further experi-
mental analysis, and the other one was fixed in
formalin at 4°C overnight and then was subse-
quently dehydrated in a series of ethanol con-
centrations, then cleared in xylene and embed-
ded in paraffin. The diabetic nephropathy mice
were assessed as having a high serum level of
blood urea nitrogen (> 50 mg/dl), creatinine (>
1 mg/dl), mesangial cell proliferation, and tubu-
lar injury.

Hematoxylin-eosin (H&E) and Masson tri-
chrome staining

4 um thick paraffin kidney sections were depa-
raffinized in xylene, then hydrated through a
series of ethanol concentrations, and stained
with hematoxylin and eosin (H&E) and Masson
trichrome staining (MTS), following standard
protocols. Histological observations were per-
formed on a minimum of four sections of the
different regions of the tissue. Images were
acquired using an Olympus BX50 microscope
connected to a digital camera. MTS was quanti-
fied using image pro-plus Software 6.0 (Media
Cybernetics, Bethesda, MD, USA).

RNA extraction and real-time PCR (qRT-PCR)
Total RNA was extracted from the tissues using

Trizol (Invitrogen) and subjected (3 ug) to re-
verse transcription (RT) with random hexanu-
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cleotide primers (Quanti-Tect RT kit; Qiagen,
Tokyo, Japan) according to the manufacturer’s
protocol. The resulting cDNA was then subject-
ed to real-time PCR analysis with SYBR green
PCR master mix (TaKaRa, Shiga, Japan) and
200 nM gene-specific primers. Assays were
performed in triplicate with a StepOnePlus real-
time PCR system (Applied Biosystems, Foster
City, CA). The amplification protocol comprised
an initial incubation at 60°C for 30 s and 95°C
for 3 s, followed by 40 cycles. The sequences of
the primers (sense and antisense) are shown in
Supplementary Table 1. The expression levels
of IL-1B, IL-6, and TNF-a were normalized to that
of B-actin mRNA, which served as an endoge-
nous control. The relative gene expression lev-
els were calculated using the 224t method.

Podocyte cell culture and treatment

The conditional immortalized human podocyte
line was obtained from ATCC. Cells were cul-
tured in RPMI-1640 medium supplemented
with 100 U/ml penicillin/streptomycin and 5%
fetal bovine serum (FBS) at 37°C in a 5% CO,
humidified atmosphere. For the measurement
of cytokine secretion from podocytes, the cells
were cultivated in DMEM supplemented with
10% FBS and 25 mmol/L glucose for 48 h. The
supernatants were harvested and centrifuged
to get rid of the cell debris. The supernatants
were then used for the determination of the
inflammatory factors by ELISA (R&D, Minnesota,
USA) following the manufacturer’s instructions.
The levels of secreted inflammatory factors
were normalized to the total protein determined
by the BCA Protein Assay Kit (Thermo Fisher,
Rockford, lllinois, USA). Three independent ex-
periments were performed. For the p300 trans-
fection, the cells were seeded at 4 x 10° cells
per well in 6-well plates. After incubation for 12
h, the medium from the 6-well plate was
changed with 1 ml, and then the cells were
transfected with 3 pg of p300 plasmid (pur-
chased and reconstructed from Zhen Shanghai
and Shanghai Industrial Co., Ltd) using JetPEl
Reagent (Life, MA, America) following the man-
ufacturer’s instructions. After 8 h, the trans-
fected cells were replenished with 2 ml of nor-
mal medium.

Western blotting

The proteins from the mouse kidney tissue and
podocyte cells treated with high glucose for 48
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h were extracted using the cell lysis buffer (CST,
Danvers, America). Approximately 40 ug of total
protein was loaded for each sample. The pro-
tein samples were separated by SDS-PAGE and
transferred to a nitrocellulose membrane (Bio-
Rad). After blocking, the membrane was probed
with a primary antibody against the following
proteins: p300 (1:500) (Merck Millipore, Mas-
sachusetts, USA), t-p65, p-p65 (1:1000) (CST,
Danvers, America), t-IkBa, p-IkBa (1:1000)
(CST, Danvers, America), GAPDH (1:1000) (CST,
Danvers, America). After washing, the mem-
brane was probed with appropriate horseradish
peroxidase-conjugated secondary antibodies.
The protein bands were revealed by the ECL
detection reagent (Thermo Fisher, Rockford,
Illinois, USA) on autoradiography films (Fuji Film,
Tokyo, Japan). The western blot band density
was quantified with Image J software (National
Institutes of Health, Bronx, NY, USA). GAPDH
was used as a loading control.

Statistical analysis

All data are shown as the mean value * the
standard error of the mean (SEM). All statistical
analyses were carried out using SPSS 20 soft-
ware. The results were subjected to a one-way
analysis of variance (ANOVA) followed by Tukey’s
multiple comparison post-hoc test. A ‘p’ value
less than 0.05 was considered statistically
significant.

Results

The levels of IL-1J3, IL-6, and TNF-« are signifi-
cantly increased in T2DN

To explore the inflammation status in T2DN, we
evaluated the production of inflammatory cyto-
Kines, such as IL-1B, IL-6, and TNF-«, by using
podocytes and db/db mice. First, we created a
cell model by treating podocytes with high glu-
cose (experimental group) or mannitol (control
group). We found that the mRNA levels of IL-1[3,
IL-6, and TNF-a were significantly increased in
the high glucose group compared to of the cor-
responding levels in the control group (Figure
1A). An ELISA assay reflected similar results in
the supernatants (Figure 1B) Together, these
data indicated that the inflammatory response
was exaggerated in T2DN in vitro. Furthermore,
the inflammation status in vivo was also
observed. The mRNA levels of IL-1[3, IL-6, and
TNF-& in db/db mice kidney were increased
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Figure 1. The levels of IL-1B, IL-6, and TNF-a were significantly increased in
T2DN. (A-E) gRT-PCR and ELISA analysis of IL-1B, IL-6, and TNF-a in podocytes

3 db/wt EEE db/db

B High glucose The expression of p300
was significantly unregulat-

ed both in vivo and in vitro

To investigate which factor
was involved in the progr-
ession of inflammation, we
evaluated the expression of
co-activation factor p300.
Interestingly, we found that
both the mRNA and protein
levels of p300 were elevat-
ed in the high glucose gro-
up compared to the levels
of the mannitol group in
the podocyte cells (Figure
2A, 2B). The mRNA level of
p300 was significantly inc-
reased in db/db mice kid-
neys compared to the db/
wt mice Kkidneys (Figure
2C). A Western blot analy-
sis of the mice kidneys also
showed similar results (Fi-
gure 2D). The expression of
p300 was also more highly
expressed in HF diabetes
mice kidneys than it was in
normal mice (Figure 2E).

&
& p300 promotes the level of
IL-1B, IL-6 and TNF-o after

high glucose in podocyte

treated with mannitol or high glucose for 48 h (A and B), or in db/wt mice kidney cells
(C and D) and serum of HF diabetes mice (E). The results were presented as a

fold expression of IL-1j, IL-6, and TNF-ac mRNA to that of B-actin. (F) Blood glu-
cose levels were measured after db/wt and db/db mice were fed for 20 weeks.
Data are shown as the means + SD. n = three independent experiments. **P

<0.01.

compared to the levels of the db/wt mice kid-
neys (Figure 1C). The production of IL-16, IL-6,
and TNF-« in the serum was also more signifi-
cantly elevated in the db/db mice than it was in
the db/wt mice (Figure 1D). And the production
of IL-1B, IL-6, and TNF-a was also increased in
the serum of the HF diabetes mice compared to
of the production in the normal mice (Figure
1E). The blood glucose level in the db/db mice
was higher than it was in the control mice
(Figure 1F), suggesting that the mice were
hyperglycemic. Taken together, it can be in-
ferred that the inflammatory response may be
involved in T2DN.
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To further confirm the role
of p300 in the inflamma-
tory response in T2DN, we
used specific siRNA to kn-
ockdown the expression of
p300 in podocytes. The silencing of p300 si-
gnificantly suppressed the mRNA and prote-
in levels of IL-13, IL-6, and TNF-a (Figure 3A).
We used p300-His plasmid and showed th-
at the overexpression of p300 promotes the
mRNA and protein levels of IL-1B, IL-6, and
TNF-a (Figure 3B). To further evaluate the
inflammation in T2DN, H&E and Masson tri-
chrome assays were performed on kidney se-
ctions to examine the morphology of the kid-
neys. We found that the inflammation of the
db/db mice kidneys was more severe than th-
at noted in the control mice kidneys (Figure
30C).
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Figure 2. The expression of p300 was increased in T2DN. (A-E) gRT-PCR and western blot analysis of p300 expres-
sion in podocytes treated with mannitol or high glucose for 48 h (A and B), or in db/wt mice kidney (C and D) and
HF diabetes mice kidneys (E). The results are presented as a fold expression of p300 mRNA to that of B-actin. Data
are shown as the means + SD. n = three independent experiments (A and C). Similar results were obtained in three

independent experiments (B, D and E). **P < 0.01.

p300 promotes the activation of NF-kB subunit
p65 in T2DN

To elucidate the underlying mechanism for
p300 in the elevation of inflammatory cyto-
kines in T2DN, we next examined the effect of
inflammation on the upstream signals, such as
the NF-kB and MAPK signaling pathways, which
are responsible for the production of IL-1j3, IL-6,
and TNF-a [24]. The results showed that p300
silencing significantly suppressed high glucose-
induced phosphorylation of p65 (Figure 4A),
while the overexpression of p300 robustly pro-
moted the activation of p65 (Figure 4B). Like-
wise, the phosphorylation of p65 and IKBa was
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also found to be significantly increased in db/
db mice kidneys, compared to the db/wt mice
(Figure 4C). In HF diabetes mice kidneys, we
also found that the activation of p65 and IkBa
was higher than they were in the normal mice
(Figure 4D). Taken together, these data suggest
that the activation of NF-kB is responsible for
the production of inflammatory cytokines in
T2DN.

Discussion
p300 plays a critical role in the inflammatory

response, which contributes to the progression
of multiple diseases. However, it remains un-

Int J Clin Exp Pathol 2019;12(5):1826-1834
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clear whether p300 plays a role in T2DN, which
we aimed to elucidate in the current study. We
demonstrated that p300 enhanced the activa-
tion of NF-kB through a direct association with
p65, which leads to the production of proin-
flammatory cytokines. Our findings identified a
novel molecule that promotes the inflammatory
response, and we provided a new insight into
the mechanism that co-activation factor p300
uses to promote the activation of NF-kB in
T2DN.

Our results showed that p300 expression is
upregulated in db/db mice and podocytes after
high glucose treatment. Previous studies have
demonstrated that p300 is a prime factor lead-
ing to the development of hepatic insulin resis-
tance by acetylating IRS1/2 in the early stages
of obesity. In this study, we demonstrated that
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Figure 3. p300 significantly promoted the in-
flammatory response in T2DN. (A and B) ELISA
analysis of IL-1B, IL-6, and TNF-a in podocytes
transfected with si-NC or si-p300 for 36 h (A)
or transfected with Mock or p300-His plasmid
(B) stimulated with mannitol or high glucose for
48 h, or in db/wt mice kidneys. (C) H&E or Mas-
son’s Trichrome analysis of kidney tissue in db/
wt or db/db mice. Data are shown as the means
+ SD. n = three independent experiments (A
and B). Similar results were obtained in three
independent experiments (C). **P < 0.01.

p300 could directly interact with p65, thus pro-
moting the activation of the NF-kB signaling
pathways. However, as an acetyltransferase,
p300 also participates in the acetylation regu-
lation in inflammation or fibrosis [25]. We have
to point out that we did not investigate whether
p300 could regulate the acetylation of p65. So
further research is needed to address this
issue.

Our results further demonstrated that p300
mediated its effects primarily in the nucleus
by interacting with p65. CBP associates with
p300 to form transcriptional co-activators
that are essential for transcriptional regulation
[26]. However, further investigations are ne-
eded to address whether CBP is involved in
the p300-mediated activation of p65 in T2DN.
NF-kB subunit p65 is an important modulator

Int J Clin Exp Pathol 2019;12(5):1826-1834
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Figure 4. p300 promoted the activation of NF-kB subunit p65 in T2DN. (A-D) Western blot analysis in podocytes
transfected with si-NC or si-p300 for 36 h (A) or transfected with Mock or p300-His plasmid stimulated with mannitol
or high glucose for 48 h (B), or in db/wt mice kidneys (C) or in HF diabetes mice kidneys (D). Similar results were
obtained in three independent experiments (A-D).

of the NF-kB signaling pathway and acts as a Thus, it is worthwhile to investigate the activity
master regulator in inflammation and diseases. of p65.
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The results showed that p300 was significantly
increased in T2DN, which enhances the activa-
tion of NF-kB in association with p65, leading
to the production of proinflammatory cytokines,
and ultimately promoting the progression of
T2DN. Therefore, our data indicate that p300
may act as a promoter in the progression of
T2DN and may provide a potential target for the
development of a novel therapeutic strategy for
T2DN.

In this study, our results showed that p65 is
activated in T2DN. The knockdown of p300
suppresses the activation of p65, but the over-
expression of p300 significantly promotes the
phosphorylation of p65 in T2DN. In addition,
we demonstrated that p300 is directly associ-
ated with p65 and promotes the inflammation
status. p300containsfive proteininteraction do-
mains, and each domain binds tightly to a
sequence spanning both the transactivation
domains 9aaTADs of transcription factor p53
[27]. In our study, we did not confirm which
domain of p300 is responsible for the binding
of p65. p300 can directly interact with p65,
which ultimately can lead to the production of
proinflammatory cytokines such as IL-13, IL-6,
and TNF-a [17, 28]. However, there are many
other proinflammatory cytokines that may be
involved in the progression of diabetes that
remain to be detected in a future study. As is
known, the NF-kB signaling pathway is respon-
sible for the production of interferons such as
IFN-a/B [29]. Interferon also play a critical role
in the inflammatory response [30]. It will be
interesting to explore whether there is interfer-
on secretion in T2DN.

In conclusion, our data suggest that the inflam-
mation status is increased in T2DN, and p300
may be involved in this process. Mechanistically,
p300 could directly interact with p65 to pro-
mote the activation of the NF-kB signaling path-
way. Therefore, targeting the p65/p300 signal-
ing pathway could be a potentially promising
strategy in the treatment of T2DN.
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Supplementary Table 1. The sequences of the primers of IL-1j3, IL-6
and TNF-a for Q-PCR analysis

Gene Sequence
IL-1B F: 5-GCAACTGTTCCTGAACTCAACT-3’
R: 5’- ATCTTTTGGGGTCCGTCAACT-3’
IL-6 F: 5’-TGGGGCTCTTCAAAAGCTCC-3’
R: 5’-~AGGAACTATCACCGGATCTTCAA-3’
TNF-o F: 5’-CTGGATGTCAATCAACAATGGGA-3’

R: 5-ACTAGGGTGTGAGTGTTTTCTGT-3’




