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ABSTRACT 

 

Physiological roles of histone acetyltransferase p300  

in the progression of renal fibrosis 
 
 
 

Renal fibrosis is a common accompanied event in chronic kidney disease (CKD) patients and 

it has a high prevalence in the world. However, detailed study of kidney fibrosis is still needed to 

understand the exact pathogenesis and propose the effective treatment approach. In this study, the 

elevated expression of the histone-acetyltransferase, E1A-associated protein p300 (p300) was 

observed in patients with CKD such as Focal segmental glomerulosclerosis (FSGS) and IgA 

nephropathy (IgAN). In addition, three different mouse models of renal fibrosis were used to verify 

the expression of p300 in progression of renal fibrosis and an increase of p300 expression was 

observed in all three renal fibrosis models. Furthermore, p300 protein was specifically upregulated 

in kidney proximal tubule cells during renal fibrosis progression and the stability of p300 protein is 

regulated by AKT-mediated phosphorylation of the Serine 1834 site. Moreover, a protein 

phosphatase, Mg2+/Mn2+ dependent 1K (PPM1K) was identified that specifically de-

phosphorylates p300 at Serine 1834 site, which leads to a significant reduction in p300 stability and 

renal fibrosis. Interestingly, mesenchymal transition and angiogenesis pathway are altered in renal 

proximal tubule cells-specific p300 knock-out mice during renal fibrosis. In addition, elevation of 

p300 in renal proximal tubule cells was verified to promote renal fibrosis development by regulating 

Endothelial-to-Mesenchymal transition (EndoMT) as well as Epithelial-to-Mesenchymal transition 

(EMT) via upregulating the expression of mesenchymal transition-related secreted proteins Periostin 

(POSTN), Follistatin-like 1 (FSTL1), and Fascin Actin-Bundling Protein 1 (FSCN1). Finally, using 
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the well-known p300-specific inhibitors A6 and C646, the anti-fibrotic effects of these p300 

selective inhibitors were demonstrated in a mouse model of renal fibrosis. Collectively, the results 

demonstrate the roles of p300 in the development of renal fibrosis and suggest p300 as a promising 

target for the treatment of advanced CKD. Furthermore, selective inhibitors of p300 are proposed as 

promising therapeutic agents for renal fibrosis. 
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1. INTRODUCTION 

 

Chronic kidney disease (CKD) is a collective term for chronic conditions that occur due to various 

causes such as hypertension, diabetes, hyperlipidemia, autoimmune diseases, metabolic acidosis and 

genetic disorders in kidney including diabetes nephropathy (DN), Focal segmental 

glomerulosclerosis (FSGS) and IgA nephropathy (IgAN)1-7. Recently, CKD has emerged as a 

significant social problem because of the increasing prevalence of various chronic diseases related 

to lifestyle, dietary habits, and environmental changes. It affects over 10% of the global population, 

over the 800 million people, and its prevalence continues to rise annually. Especially, in the End-

stage of renal failure with CKD, dialysis and transplantation are necessary8-11. 

Fibrosis, a major consequence of CKD progression, is an irreversible process induced by the 

chronic deposition of extracellular matrix (ECM) such as collagen and Fibronectin. ECM structures 

are replacing normal tissue and it lead to structural and functional failure of organs 12,13. Fibrosis is 

regulated by various physiological factors such as TGF-β, PDGF-β, interleukins (IL-1, IL-6, IL-10), 

chemokines (CCL2, CCL5), VEGF, physical stretching, fatty acid oxidation and gut microbiota like 

Bacteroides fragilis14-24. Particularly, kidneys fibrosis is accompanied with inflammation, activation 

of resident fibroblasts, cell death of tubular cells, Epithelial-to-Mesenchymal transition (EMT), or 

destruction of the peritubular capillary network, leading to malfunction of the nephron system25-30. 

Unfortunately, there is no effective treatment manner that can reverse renal fibrosis currently 

available. 

Fibrosis is driven by ECM deposition secreted from myofibroblasts, thus, tracing the origin of 

myofibroblasts is important for the studying pathogenesis of fibrosis. According to many reports, 

myofibroblasts are originated from a variety of cells, including fibroblasts, fibrocytes, macrophage, 
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pericyte, epithelial cells, and endothelial cells25,31. In kidney, although many studies suggest that 

EMT may play an important role in the development of fibrosis, recent studies have reported that 

the actual transition proportion of epithelial cells to mesenchymal cells is not larger than expect32-34. 

Therefore, more detail studies are needed to elucidate other pathways of trans-differentiation to 

myofibroblast during renal fibrosis. Recently, many studies have shown that Endothelial-to-

Mesenchymal transition (EndoMT) contributes to the development of fibrosis similar to EMT. 

According to a recent report, Unilateral ureteral obstruction (UUO), streptozotocin (STZ) and 

Alport's disease-induced mouse fibrosis models using lineage-tracing transgenic mice were 

established to determine the origin of myofibroblasts in the kidney, and it was reported that some 

cells Co-expressed the endothelial cell marker CD31 and the mesenchymal cell marker alpha-SMA 

in those mouse models35. In addition, it was confirmed that the inhibition of EndoMT by blocking 

TGF-β signaling led to a significant reduction of fibrosis progression in UUO induced mouse fibrosis 

model36. 

Proximal tubular cells (PTC) is one of the cells that make up the renal nephron and it is the most 

abundant cell in the renal cortex. PTCs have numerous mitochondria and highly participate in 

substance exchange during excretory process37,38. Histologically, PTCs are located in upper region 

of nephron and it is structurally near to the capillaries and glomeruli39-41. PTCs cells are stimulated 

by a variety of excreted proteins and molecules due to their role in secreting molecules into urine, 

but it vulnerable to damage due to lower levels of intrinsic antioxidant and anti-apoptotic proteins, 

and high oxygen consumption, and reactive oxygen species (ROS) generation42-47. PTC damage has 

been observed in various diseases conditions, including polycystic kidney disease, congenital renal 

syndromes, diabetic nephropathy and mouse fibrosis model such as unilateral ureteral obstruction 

(UUO) model48-54. Interestingly, in diabetic nephropathy, a major cause of CKD, the primary site of 
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stress response in the kidney is suggested to be PTCs rather than glomeruli37,55,56. Therefore, it was 

presuming that PTCs are directly or indirectly damaged in acute and chronic diseases of kidney and 

PTCs are play key roles in various kidney diseases development. 

Endothelial cells, forming the inner lining of blood vessels along with pericytes, contribute to 

vascular structure composition. They regulate proteins and molecules passage, immune cell 

infiltration, hormone and cellular signaling, blood clotting, and vascular regeneration57-63. 

mesenchymal transition such as Epithelial-to-Mesenchymal transition (EMT) and Endothelial-to-

Mesenchymal transition (EndoMT) is a process that cells transform into mesenchymal cells and each 

processed through similar physiological pathway. Various signaling pathways, including CAV1, 

WNT, Notch1, TGF-beta, ET-1, and hypoxia condition, induce mesenchymal transition in different 

type of tissue, ultimately leading to extracellular matrix (ECM) deposition and fibrosis64-70.  

Epigenetic changes mediate physiological regulation in various biological pathway such as 

embryogenesis, cell differentiation, tissue composition, aging, and tumor formation71-75. Epigenetic 

changes include DNA methylation, histone modification, non-coding RNAs (ncRNAs), and 

microRNAs, and epigenetic dysregulation causes various diseases, including fibrosis of diverse 

organ such as liver, kidney, and lung76-80. Histone acetylation, regulated by histone acetyltransferases 

(HAT) and histone de-acetyltransferases (HDAC), is important to regulating normal and disease 

states73,81,82. E1A-associated protein p300 also known as p300 and KAT3B is one of the histone 

acetyltransferase (HAT) enzymes, which acetylates lysine residues on histones and it induces histone 

modification to regulate gene transcription. Histone acetyltransferases p300 is involved in cell 

growth, differentiation, proliferation, survival, and senescence83-85, and recent studies suggested that 

p300 protein were related with various diseases including cancer, inflammation, and fibrotic 

diseases86-90. In various organs, including the liver, lungs, uterus and hearts, changes in the 
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expression of p300 protein have been associated with fibrosis-related diseases. In liver fibrosis, p300 

of hepatic endothelial cells regulates fibrosis by mediating C-C motif chemokine ligand 2 and, in 

hepatic stellate cells, p300 protein stability was increased by mechanical stress, which promotes 

activation into myofibroblasts, In pulmonary fibrosis, elevation of p300 has been reported in IFP 

patients, and p300 is specifically upregulated in alveolar type-2 cells, which regulate fibrosis via 

promoting M2 macrophage proliferation, In cardiac fibrosis, inhibition of p300 attenuated 

hypertension-induced renal fibrosis86,91-94. p300 histone acetyltransferase is activated by various 

stimuli. In fibroblasts, TGF-beta signal and PDGF-beta signal affect p300 activation88,95,96, and in 

human endothelial cells, TNF-alpha signal increases p300 levels93. In addition, it is known that the 

protein level of p300 is increased through stability regulation due to phosphorylation of the Serine 

1834 site of p300 in human-derived cell86,97.  

However, it is still unclear what molecular mechanisms regulate p300 expression in renal fibrosis 

and which p300-mediated physiological pathways is involved in the mesenchymal transition of renal 

cells and fibrosis development. Therefore, it is necessary to investigate the function and molecular 

pathways of p300 in the progression of renal fibrosis. In addition, demonstration of changes in the 

stability and phosphorylation of p300 during renal fibrosis and screening to discover the partner 

phosphatase of p300 that specifically reduces phosphorylation is necessary.  

In this study, increased protein expression levels of p300 were found in the kidneys of renal 

fibrosis mouse model and kidney samples from patients with CKD. Specifically, a significant 

elevation of p300 protein was observed in proximal tubular cells during renal fibrosis progression. 

In addition, the upregulation of stability via the phosphorylation of p300 lead to an increase in the 

levels of the p300 protein. Moreover, the stability of p300 is regulated by the de-phosphorylation of 

a specific site mediated by a specific phosphatase. Finally, the increase of p300 levels in proximal 
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tubular cells induces mesenchymal transition during renal fibrosis progression. Specifically, focused 

on the mesenchymal transition of endothelial cells, the study demonstrated that p300 in proximal 

tubular cells regulates the expression of genes mediating EndoMT during progression of renal 

fibrosis. 
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2. MATERIALS AND METHODS 

 

2.1. Clinical sample of Chronic kidney disease (CKD) patients 

Kidney tissue sample of CKD were obtained from the Severance Hospital tissue bank and this 

research was approved by the Ethics Committee of the Institutional Review Board (IRB) of 

Severance Hospital (protocol no.4.2024.0314). Kidney tissues from CKD patients with Minimal 

Change Disease (MCD), Focal segmental glomerulosclerosis (FSGS), and IgA nephropathy (IgAN) 

and normal kidney tissue purchased from TissueArray.Com LLC were included in this study. Written 

informed consent was obtained from all patients. CKD patients were diagnosed by institutional 

diagnostic criteria including blood BUN, urine protein, creatinine, histopathologic classification, 

Stanford classification, MEST-C scoring, etc. 

2.2. Cell culture 

Human proximal tubule cell line (HK2) and human umbilical cord-derived endothelial cell line 

(HUVEC) were purchased from American Type Culture Collection (Manassas, VA, USA). HK2 

were maintained in RPMI1640 (Corning Inc., Corning, NY, USA) supplemented with 10% FBS and 

1% antibiotic-antimitotic solution. HUVEC were maintained in Endothelial Cell medium (Sciencell 

Research Laboratories Carlsbad, CA, USA). Primary proximal tubular cells(PTEC) were isolated 

from mouse kidney and maintained in RPMI1640 (Corning, NY, USA) supplemented with 10% FBS 

and 1% antibiotic-antimitotic solution. All cells were incubated at 37˚C and 5% CO2. HK2 and 

PTEC were starved in no-serum media for 2 hours and then stimulated with 20 ng/ml TGF-

β1(Prospec, Rehovot, Israel). Concentration of cell cultured medium were performed using 
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VIVASPIN 20 (SATOROUS, Göttingen, Germany) following the manufacturer's protocol. Transient 

transfection was performed using Lipofectamine 3000 and RNAiMAX (Thermo Fisher Scientific, 

Waltham, MA, USA). HK2 and HUVEC cell co-culture systems were organized using transwell 

(Corning Inc., Corning, NY, USA). HK2 were treated by 3μM C646 (Selleckchem LLC, TX, USA) 

or 3 μM A6 and then collected 24 hours after treatment. The plasmid we used for p300 

overexpression was cloned into PSG5-HA and the plasmid used for phosphatase overexpression was 

cloned into PSG5-Flag. The siRNA of PPM1K used to knock-down PPM1K was produced by 

Genolution (Seoul,Korea). Sequence of siPPM1K #1:5’- GGGAUAACCGCAUUGAUGAUU-3', 

5'-UCAUCAAUGCGGUUAUCCCUU-3’ siPPM1K #3:5' -CUUCCUAAGGAGAAGAACUUU -

3’, 5'- AGUUCUUCUCCUUAGGAAGUU-3’ 

2.3. Animal model 

All animal experiments were approved by Yonsei University College of Medicine Institutional 

Animal Care and Use Committee (IACUC No. 2023-0025) 8-weeks C57BL/6 mice were purchased 

from ORIENT BIO Inc. (Seongnam, Korea). The mice were maintained in specific pathogen free 

condtion(SPF) and 12-hour light/dark cycle conditions. Mice with conventionally p300 deficient 

from kidney proximal tubular cells, were generated by intercrossing γGT-1 Cre mice and p300 

Floxed mice. These mice were purchased from The Jackson Laboratory (Bar Harbor, ME, USA). 

Unilateral Ureteral Obstruction (UUO) surgery was performed under anesthesia with incision in the 

lateral abdomen and ligation of a single ureter. Folic acid (FA) administration was performed by FA 

dissolved in Sodium-Bicarbonate, which was injected intraperitoneally once at 250 kg/kg. The 

streptozotocin-unilateral nephrectomy (STZ-UNx) model was established by first performing open 

unilateral nephrectomy surgery after anesthesia, and 1 week later, 50 mg/kg STZ was injected intra-

peritoneally for 5 days. STZ was dissolved in 0.025M sodium citrate and the mice were validated 
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by checking fasting blood glucose(>300mg/dL). PPM1K overexpression mice via adenovirus 

infection were introduced with Ad5-GFP-Flag-PPM1K (1x10^10vp) by direct sub-capsular 

injection into the kidney, and viral infection was confirmed by detecting GFP in the kidney tissue. 

Anesthesia was induced by Zoletil (50 mg/ml) and Rumpun (23.32 mg/ml). 

2.4. CRSPR-Cas9 

The p300 deficient HK2 cells were engineered via the Crispr-cas9 method. The sgRNA (5’ 

GTACGACTAGGTACAGGCGA 3’) designed by Chop-Chop was inserted into the px549 plasmid 

vector. Vectors were introduced into HK2 cells via electroporation and selected by puromycin 

treatment. And the expression of p300 was confirmed by RT-qPCR and western blot. 

2.5. Site direct mutation 

The mutant constructs of p300 and PPM1K were created by DNA polymerases master mixes 

(Thermo Fisher Scientific, Waltham, MA, USA). All constructs were verified by DNA sequencing 

from Macrogen Co. (Seoul, Korea) 

2.6. Histological staining 

Histologic staining was performed using de-paraffinized kidney tissue. Masson trichrome staining 

was performed via Wiegert’s Iron Hematoxylin kit (Sigma-Aldrich, Burlington, MA, USA) and 

MTS Kit (Sigma-Aldrich, Burlington, MA, USA) following the manufacturer's protocol. Picro-

sirius red staining was performed via the Picro-Sirius Red Stain Kit (Abcam, Cambridge, UK). 

Kidney sections were submerged in Picro-Sirius Red solution for 2 hours at room temperature, 

washed twice with 5% acidified water, and then washed twice with absolute alcohol. After staining, 

sections were mounted using a hydrophilic mounting solution. To perform the 
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Immunohistochemisry (IHC) and immunofluorescences staining (IF). The de-paraffinized kidney 

sections has been treated with antigenic revitalization by Antigen Unmasking solution (Vector 

Laboratories, Burlingame, CA, USA) in the pressing cooker at 5 minutes. Peroxidase blocking step 

was performed by Dako REAL Peroxidase-blocking Soltion (Dako, Glostrup, Denmark). Unmasked 

and peroxidase blocked kidney tissue were incubated with a primary antibody against p300, PPM1K, 

CD31, AQP1, AQP2, WT1, FSTL1, FSCN1, POSTN, Albumin, KIM-1, Vimentin, Col1A. For IHC, 

primary antibody staining was followed by HRP-conjugated anti-rabbit secondary antibody using 

Envision+ system-HRP Labelled Polymer anti-rabbit (Dako, Glostrup, Denmark) and visualized by 

3’- diaminobenzidine substrate (Vector Laboratories, CA, USA). For IF, Dylight 488 anti-mouse 

antibody (1:500, Vector Laboratories, CA, USA) and Dylight 549 anti-rabbit anti-body (1:500, 

Vector Laboratories, CA, USA) were used for fluorescent labeling. To immunostain with antibodies 

whose host is mouse, they were initially fluorescently labeled with Zenon kit. To immune-stain with 

anti-mouse antibody, the antibody was initially fluorescently labeled with Zenon Labeling Kits 

following the manufacturer's protocol. Detailed antibody information is listed in Table 1. 

Quantification of IHC were assessed by ImageJ and co-localization were assessed by ZEN 

application. 

 

2.7. RNA isolation and reverse transcription-quantitative polymerase 

chain reaction 

Total RNA was extracted from kidney tissues and cells using the RNAiso Plus reagent (TaKaRa 

Bio, Otsu, Japan) following the manufacturer’s instructions. The RNA quantity and purity were 

analysed by a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, MA, USA). Extracted 
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RNA were reverse-transcribed using Cell-script (CellSafe, Yongin, Korea) following the 

manufacturer’s instructions. qRT-PCR analyses were performed using FastStart Universal SYBR 

Green Master (ROX) reagents (Roche, Basel, Switzerland) and ABI Prism 7700 (Applied 

Biosystems, CA, USA). Target gene expression levels were normalized by comparison to GAPDH 

expression levels. All reactions were performed in triplicate. The detailed primer information used 

for amplification is listed in Table 2. 

2.8. Western blot 

Kidney tissue and cells were lysed by Lysis Buffer(Triton X100 0.2%, EGTA 1 mM, NaF 1 mM, 

NaCl 150 mM, Na3VO4 1 mM, EDTA 1 mM, 50 mM Tris HCl pH 7.4, Xpert proteinase inhibitor 

cocktail (Gene depot, TX, USA)). Protein lysates were separate by centrifugation at 12,000 rpm at 

4°C for 15 minutes and then boiled with 5X SDS sample buffer (20% SDS, 50% Glycerol, 0.1% 

bromophenol blue solution, 0.5% 2-mercaptoethanol) at 95°C for 5 minutes. Boiled protein samples 

were separated by electrophoresis on a polyacrylamide gel and gel was transferred to NC (GE 

healthcare, IL, USA) membranes. The following primary antibodies were used: Anti-p300, Anti-

PPM1k, Anti-AQP-1, Anti-AKT, Anti-p-AKT, Anti-p-p300, Anti-Col1a, Anti-CTGF, Anti-FSTL1, 

Anti-FSCN1, Anti-POSTN, Anti-alpha-SMA, Anti-p53, Anti-HA, Anti-Flag and Anti-beta-actin. 

The secondary antibodies used were: anti-mouse HRP-antibody (1:5000, 31430, Thermo Fisher 

Scientific, MA, USA) and anti-rabbit HRP- antibody (1:5000, 31460, Thermo Fisher Scientific, MA, 

USA). Chemiluminescence signals were visualized on the Fusion SOLO S device (Vilber, Marne-

la-Vallée, France) and quantified using FIJI-Image-J software. Detailed antibody information is 

listed in Table 3. 

2.9. Immunoprecipitation assay 
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Cells were were lysed by Lysis BF(Triton X100 0.2%, EGTA 1 mM, NaF 1 mM, NaCl 150 mM, 

Na3VO4 1 mM, EDTA 1 mM, 50 mM Tris HCl pH 7.4, Xpert proteinase inhibitor cocktail (Gene 

depot, TX, USA)). Protein lysates were separate by centrifugation at 12,000 rpm at 4°C for 15 

minutes. A 10% input sample was remained and the lysates were rotated with HA-magnetic beads 

(Sigma-Aldrich, MA, USA) for 24 hours at 4˚C. After rotation, the lysate and bead mixture was 

placed on a magnetic rack and the supernatant was removed. The beads were washed with lysis BF 

for 20 minutes RT and then placed back on the magnetic rack. Repeat the previous washing process 

3 times. Proteins were eluted in 1x sodium dodecyl sulfate buffer (20% SDS, 50% Glycerol, 0.1% 

bromophenol blue solution, 0.5% 2-mercaptoethanol) after boiling for 10 minutes at 95°C. 

2.10. In vitro translation system 

in vitro transcription and translations were performed using a TNT T7 quick coupled 

transcription/translation kit following the manufacturer’s protocol (Promega Corporation, Madison, 

WI, USA). 

2.11. Kidney functional test 

Blood samples were collected from the heart of anesthetized mice, and the blood was separated 

to the serum by centrifugation. BUN (Blood Urea Nitrogen) and serum Creatinine were measured 

with a biochemistry analyzer (Dri-chem NX500, FUJIFILM, Tokyo, Japan). 

2.12. Proximity ligation assay (PLA) 

PLA was performed using the Duolink® Proximity Ligation Assay kit. The assay was performed 

according to the manufacturer's protocol and used Anti-p300(SC48343, Santa Cruz Biotechnology, 

Dallas, TX, USA), Anti-PPM1K antibodies (ab135286, Abcam, Cambridge, UK). Cells were 
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prepared by fixation in 4% paraformaldehyde and permeabilizing with Triton-X100. Paraffine 

embedded tissues were de-paraffinized with xylene and hydration with 100%, 90%, 80% EtoH, 

before permeabilization with Triton-X100. The samples were mounted with Duo-link mounting Sol. 

and observed by Zeiss LSM 900 microscope 

2.13. 3-Dimesional imaging 

For 3-Dimensional imaging, a Paraformaldehyde-fixed 1mm3 section of renal cortex was cleared 

using SCARF-claer buffer and C-MATCH buffer on a C-Stain device (Crayon tech., Gyeong-gi-Do, 

Korea). Cleared kidney tissue was immersed in a solution of CD31 (ab28364, Abcam, Cambridge, 

UK) antibody diluted 1:250 in 3% BSA with sodium azide and shaking at 37'C for 3 days. After 

washing with BSA three times, kidney tissue was immersed in a solution of Dylgiht-649 Anti-rabbit 

antibody diluted 1:200 in 3% BSA with sodium azide and shaking at 37'C for 2 days. Stained tissue 

was mounted using C-MATCH solution in a confocal dish. Images and videos were acquired using 

a Zeiss LSM 900 instrument (Carl Zeiss, Baden-Württemberg, Germany), and image processing and 

quantification were performed using Zeiss' ZEN blue program. 

2.14. Sircol collagen assay 

Fresh kidney with no-capsule digested by 0.1 mg/ml pepsin in acetic acid at room temperature 

overnight and then centrifuge at 12,000 rpm for 20 minutes. The content of collagen in kidney is 

measured according to the instructions for a Sircol collagen assay kit (Biocolor, Carrickfergus, U.K.). 

Briefly, 50 ml of tissue-free supernatant of pepsin-digested kidney and the standards are incubated 

with 1 ml of Sircol dye reagent for 30 minutes on a rotary table. After centrifugation and washing 

with 750 ml of ice-cold acid-salt wash reagent, the collagen-dye pellet is suspended with 500 ml of 

alkali reagent and then samples are read at 555 nm by adding 200 ml of the collagen supernatant in 
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alkali reagent into 96-well plates. The content of collagen in each sample is calculated according to 

the standard curve. 

2.15. Public data analysis 

To determine gene expression levels in the Gene expression omnibus (GEO) dataset (GSE142025, 

GSE212681), we used GEO2R web-based tool provided by NCBI. The ChIP-

sequencing(GSE75948) data and ATAC-sequencing(GSE197815) data were then visualized using 

the Intergrative Genomics View (https://igv.org/) application to identify promoter enrichment and 

chromatin accessibility. And Single-cell RNA-sequencing of CKD patients were analyzed by 

Cellenic® provide by Biomage (https://www.biomage.net/) and UMAPs of single cell RNA-

sequencing were visualized using CELLXGENE discover (https://cellxgene.cziscience.com/). 

2.16. RNA-sequencing 

For bulk RNA-sequencing, RNA extracted with the QIAEN RNeasy® kit from cortex sections of 

kidneys was used. RNA purity was measured with a Nanodrop2000 (Thermo Fisher Scientific, MA, 

USA). RNA-sequencing was performed and analyzed on Macrogen Co. (Seoul, Korea) with 

QuantSeq 3` mRNA-Seq protocol (UCSC, mm10). Pathway analysis was performed using 

PANTHER-based GO enrichment analysis (MSigDB Hallmark) from the Gene Ontology (GO) 

Resource (https://geneontology.org/)98. The heatmap and pathway dot graph were visualized using 

SRplot- Science and Research online plot (bioinformatics.com.cn)99. 

2.17. CUT&TAG analysis 

To perform CUT&TAG analysis, mouse kidney proximal tubular cells were initially isolated. 

Using the gentleMACS™ Dissociator (Miltenyi Biotec, Bergisch Gladbach, Germany). The kidneys 
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were minced by  Brain_03, Spleen_04 programs, and RBCs were removed using Red Blood Cell 

Lysis Solution (Miltenyi Biotec, NRW, Germany) and minced tissue were incubated with 1:500 

Fluorescein-Tetragonolobus Lectin (FL-1321-2, Vector laboratories, CA, USA) for 2 hours at room 

temperature. BD FACS Aria III was used for cell isolation by Flow cytometry. FITC positive cells 

were isolated using BD FACS Aria III and confirmed as PTC cells by RT-qPCR and IF. Using the 

isolated PTCs, we generated sequencing-ready libraries by CUT&TAG analysis kit (Active Motif, 

CA, USA) according to the manufacturer's protocol using an anti-rabbit p300 antibody (CS86377, 

Cell signaling technology, MA, USA). CUT&TAG products were sequenced and analyzed on a 

HiSeq2500 instrument (Illumina Inc., CA, USA) at Macrogen Co. (Seoul, Korea) and Gene 

annotation analysis was performed using the GREAT web based 

tool(https://great.stanford.edu/great/public/html/, UCSC mm10). 

2.18. Statistical analysis 

Statistical analyses were performed by one-way ANOVA (comparisons of more than two groups, 

using Mann Whitney or Kruskal Wallis analyses) and T-test analyses (comparisons of two groups). 

Correlation analysis was calculate by simple linear regression analyses.  Statistical analyses were 

performed using GraphPad Prism 9 (GraphPad Software Inc, La Jolla, CA, USA). A p-value of < 

0.05 was considered a statistically significant difference. 
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Table 1. The primers used for site-directed mutagenesis 

Gene name  
(Forward: F; Reverse: R) 

Sequence 5’-3’ 

P300 S1834A_F CGCAGGAGGATGGCCGCCATGCAGCGGACTGG 

P300 S1834A_R CCAGTCCGCTGCATGGCGGCCATCCTCCTGCG 

PPM1K N94K_F ATCAGCTTGGAAAAAGTGGGGTGCG 

PPM1K N94K_R CGCACCCCACTTTTTCCAAGCTGAT 

Abbreviations: S, Serine; A, Alanine; N, Asparagine; K, Lysine. 
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Table 2. The primer used for RT-qPCR 

Gene name  
(Forward: F; Reverse: R) 

Sequence 5’-3’ 

human_COL1A1_F TCCTGCTGGTGAGAAAGGAT 

human_COL1A1_R TCCAGCAATACCCTGAGGTC 

human_COL3A1_F TGGTCTGCAAGGAATGCCTGGA 

human_COL3A1_R TCTTTCCCTGGGACACCATCAG 

human_CTGF_F CAAGGGCCTCTTCTGTGACT 

human_CTGF_R ACGTGCACTGGTACTTGCAG 

human_TNC_F CAGAAGCCGAACCGAAGTT 

human_TNC_R TTCATCAGCTGTCCAGGACAGA 

human_ACTA2(αSMA) CTGGCATCGTGCTGGACTCT 

human_ACTA2(αSMA) GATCTCGGCCAGCCAGATC 

human_EP300_F TTGTGAAGAGCCCCATGGAT 

human_EP300_R GCTTTGCATCACTGGGTCAA 

human_FN1_F AAGACCAGCAGAGGCATAAGG 

human_FN1_R TGTAGGGGTCAAAGCACGAG 

human_GAPDH_F TGACCGGTGCCATGGAATTTG 

human_GAPDH_R GTCGGAGTCAACGGATTTGG 
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human_Vimentin_F GGAAGAGAACTTTGCCGTTGAA 

human_Vimentin_R GTGACGAGCCATTTCCTCCTT 

human_PAI1_F CCCCACTTCTTCAGGCTGTT 

human_PAI1_R GCCGTTGAAGTAGAGGGCAT 

human_tie2_F GGTCAAGCAACCCAGCCTTTTC 

human_tie2_R CAGGTCATTCCAGCAGAGCCAA 

human_PECAM1(CD31)_F AAGTGGAGTCCAGCCGCATATC 

human_PECAM1(CD31)_R ATGGAGCAGGACAGGTTCAGTC 

mouse_COL1A1_F ATGGATTCCCGTTCGAGTACG 

mouse_COL1A1_R TCAGCTGGATAGCGACATCG 

mouse_COL3A1_F CTAAAATTCTGCCACCCCGAA 

mouse_COL3A1_R AGGATCAACCCAGTATTCTCCACTC 

mouse_ACTA2(αSMA) GTGACTCACAACGTGCCTATC 

mouse_ACTA2(αSMA) CTCGGCCAGTAGTCACGAAGG 

mouse_FN1_F AAGACCATACCTGCCGAATG 

mouse_FN1_R GAACATGACCGATTTGGACC 

mouse_EP300_F CTGTGAACCAACATGAGTGCTAGTCC 

mouse_EP300_R TGAGCTGCTGTTGGCAAAGG 

mouse_GAPDH_F CGACTTCAACAGCAACTCCCACTCTTCC 
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mouse_GAPDH_R TGGGTGGTCCAGGGTTTCTTACTCCTT 

mouse_Vimentin_F CCCTCACCTGTGAAGTGGAT 

mouse_Vimentin_R TCCAGCAGCTTCCTGTAGGT 

mouse_PAI1_F AGGGTTGCACTAAACATGTCAG 

mouse_PAI1_R GACACCCTCAGCATGTTCATC 

mouse_FSP1_F TGAGCAACTTGGACAGCAACA 

mouse_FSP1_R TTCCGGGGTTCCTTATCTGGG 

mouse_PECAM1(CD31)_F CCAAAGCCAGTAGCATCATGGTC 

mouse_PECAM1(CD31)_R GGATGGTGAAGTTGGCTACAGG 

mouse_tie2_F GAACTGAGGACGCTTCCACATTC 

mouse_tie2_R  TCAGAAACGCCAACAGCACGGT 

mouse_CD144_F GAACGAGGACAGCAACTTCACC 

mouse_CD144_R GTTAGCGTGCTGGTTCCAGTCA 

Abbreviations: RT-qPCR, real-time quantitative poly chain reaction 
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Table 3. The antibodies 

  Antibody information (aplication, manufactur, product no.) 

Anti-p300  IHC,IF(tissue), Cell signalling Technology, 86377s 

Anti-p300 IF(cell),PLA,Western blot, Santacruz biotech, SC48343 

Anti-PPM1K IHC(human tissue), Invitrogen, PA5-21658 

Anti-PPM1K IHC,IF(mouse tisseue),Western blot,PLA, Abcam, ab135286 

Anti-AQP1 IHC, IF, Western blot, Merck millipore ,ab2219 

Anti-AQP2 IHC,  Cell signalling Technology, 3487s 

Anti-WT1 IHC, Abcam, ab89901 

Anti-CD31 IHC,IF, Abcam, ab28364 

Anti-p-p300(S1834) IHC,Western blot, Invitrogen, PA5-64531 

Anti-AKT Western blot,  Cell signalling Technology, 4691s 

Anti-p-AKT(S473) Western blot,  Cell signalling Technology, 4060s 

Anti-COL1A IF(cell), Western blot, Santacruz biotech, SC59772 

Anti-CTGF  Western blot, Santacruz biotech, SC365970 

Anti-FSTL1 IHC,IF,Western blot, Abclonal, A15789 

Anti-FSCN1 IHC,IF,Western blot, Abclonal, A9566 

Anti-POSTN IHC,IF,Western blot, Cell signalling Technology, 20302s 
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Anti-VIMENTIN IF, Santacruz biotech, SC32322 

Anti-KIM1 IHC, Invitrogen, PA1-86790 

Anti-ALBUMIN IHC, Cell signalling Technology, 4929s 

Anti-ACTA2 IHC,IF, Western blot, Abcam, ab5694 

Anti-ZO1 IF, Cell signalling Technology, 8193p 

Anti-p53 Westernblot, Santacruz biotech, SC6243 

LTL IF,Cell sorting, Vector, FL-1321 

 Abbreviations: S, serine; p, phospho; LTL, lotus tetragonolobus lectin; IHC, immunohistochemistry; IF, 

immunofluorescence. 
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3. RESULTS 

 

3.1. PTC-specific upregulation of p300 in CKD and murine fibrosis 

models 

To investigate the clinical relevance of p300 in chronic kidney disease (CKD) with fibrosis. First, 

the expression of the p300 protein in renal tissues of CKD patients, including minimal change 

disease (MCD), focal segmental glomerulosclerosis (FSGS), and IgA nephropathy (IgAN) patients, 

was examined using immunohistochemistry (IHC) staining. Via histopathological analysis, a 

significant increase in p300 protein expression was observed in kidney tissues from FSGS and IgAN 

patients compared to normal tissues (Figure 1A). In addition, using three widely used mouse models 

(Unilateral Ureteral Obstruction (UUO), Streptozotocin-unilateral nephrectomy (UNZ-STZ), and 

Folic acid (FA)) to induce renal fibrosis, different fibrotic conditions of CKD patients were 

mimicked and revealing a significant increase in p300 protein levels in all three models (Figure 1B-

D). Throughout this process, an elevation of p300 protein was observed during fibrosis development, 

particularly in renal epithelial cells. To identify specific cells with increased p300 expression, 

various cellular markers of kidney constituent cells were stained, and p300 expression changes in 

those cells were evaluated by H-scoring for assessment. Immunostaining was performed to 

distinguish components of the renal cortex, including proximal tubules (Aquaporin-1, AQP1), 

collecting ducts (Aquaporin-2, AQP2), glomeruli (Wilms tumor protein, WT1), and blood vessels 

(PECAM1, CD31). Specifically, in the UUO-induced renal fibrosis model, a significant increase in 

p300 was observed within the proximal tubule region identified by AQP1 (Figure 2A-E). To verify 

the increased expression of p300 in proximal tubular cell, Co-Immunofluorescence staining was 
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used to demonstrate that co-expression of p300 and AQP1 was increased but not in AQP2 stained 

cells (Figure 3A-B). To demonstrate the correlation between p300 of PTCs and fibrosis progression, 

p300 expression was assessed using mouse tissues sacrificed 2, 4, 6, 8, and 14 days after UUO 

surgery. It was demonstrated that p300 protein increased with the progression of fibrosis until 8 days 

after surgery (Figure 4). In addition, p300 of PTCs was increased in UNX-STZ induced fibrosis 

model (Figure 5).  
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Figure 1. Elevation of p300 identified in Chronic kidney disease (CKD) patients and mouse 

fibrosis models. (A) Representative image of p300 immunohistochemistry (IHC) in kidney tissue 

from Minimal Change Disease (MCD), Focal segmental glomerulosclerosis (FSGS), IgA 

nephropathy (IgAN) patients and normal donor. The graph represents quantification of DAB area in 

histological staining images. Data are represented as mean ± SEM, *P < 0.05, and ****P < 0.0001 

by ordinary one-way ANOVA test. (B) Representative image of Masson trichrome staining (MTS) 

and p300, αSMA immunohistochemistry (IHC) in mouse kidney tissue from UUO-induced mouse 

fibrosis model. The graph represents quantification of histological staining images. Data are 

represented as mean ± SEM, **P < 0.01 by t-test. (C) Representative image of Masson trichrome 

staining (MTS) and p300, αSMA immunohistochemistry (IHC) in mouse kidney tissue from FA-

induced mouse fibrosis model. The graph represents quantification of histological staining images. 

Data are represented as mean ± SEM, ***P < 0.001 by t-test. (D) Representative image of Masson 

trichrome staining (MTS) and p300, αSMA immunohistochemistry (IHC) in mouse kidney tissue 

from UNZ-STZ-induced mouse fibrosis model. The graph represents quantification of histological 

staining images. Data are represented as mean ± SEM, *P < 0.05 by t-test. 
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Figure 2. Identify the cells with increased p300 expression during fibrosis progression. (A) 

Representative image of p300 and AQP1 immunohistochemistry using serially sectioned samples. 

(B) Representative image of p300 and AQP2 immunohistochemistry using serially sectioned 

samples. (C) Representative image of p300 and WT1 immunohistochemistry using serially sectioned 

samples. (D) Representative image of p300 and CD31 immunohistochemistry using serially 

sectioned samples. (E) The graph represents p300 expression in AQP1, AQP2, WT1, and CD31+ 

cells using H-scoring. Data are represented as mean ± SEM, ****P < 0.0001 by t-test. 
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Figure 3. Identification of increased p300 in renal tubular epithelial cell during fibrosis 

progression. (A) Representative image of p300 and AQP1 co-immunofluorescence (IF) in mouse 

kidney tissue from UUO-induced mouse fibrosis model. The graph represents proportion of p300 

positive cell among APQ1 positive cells. Data are represented as mean ± SEM, **P < 0.01 by t-test. 

(B) Representative image of p300 and AQP2 co-immunofluorescence (IF) in mouse kidney tissue 

from UUO-induced mouse fibrosis model. The graph represents proportion of p300 positive cell 

among APQ1 positive cells. Data are represented as mean ± SEM, n.s. not significant by t-test. 
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Figure 4. Elevation of p300 during UUO-induced fibrosis progression in renal proximal tubule 

cells. Representative image of Masson trichrome staining (MTS), and p300 and 

AQP1 immunohistochemistry using serially sectioned samples. Samples from UUO-induced mouse 

kidney 2, 4, 6, 8, 14, days after surgery. The graph represent expression of p300 in AQP1 positive 

cell analyzed by H-scoring. Data are represented as mean ± SEM, ****P < 0.0001 by ordinary one-

way ANOVA test. 
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Figure 5. Elevation of p300 during UNZ-STZ induced fibrosis progression in renal proximal 

tubule cells. (A) Representative image of p300 and AQP1 immuno-histochemistry using serially 

sectioned samples. Samples from UNX-STZ induced-diabetic fibrosis mouse kidney. (B) The graph 

represent expression of p300 in AQP1 positive cell analyzed by H-scoring. Data are represented as 

mean ± SEM, *P < 0.05 by t-test.  
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3.2. PTC-specific p300 knock-out attenuates fibrosis development in a 

murine renal fibrosis model 

To investigate the function of p300 in the fibrosis development. Mouse with genetically deleted 

p300 in renal proximal tubular cells were generated using gammaGT-1-cre mice and p300-floxed 

mice. The knock-out of p300 was confirmed through renal tissue immunostaining and isolation of 

proximal tubule cells for cellular immunofluorescence and RT-qPCR to verify the knock-out effect 

of p300 (Figure 6A-F). Subsequently, UUO surgery was performed on p300 knock-out and wild-

type mice, and fibrosis progression was assessed. The results showed that significant attenuation of 

fibrosis progression was observed in knock-out mice compared to wild-type mice by Masson 

trichrome staining, and Sirius red (Figure 7A). The decreased expression of fibrosis-related genes 

and proteins in p300 knock-out mouse kidney tissues compared to wild-type mouse kidney tissues 

was demonstrated by RT-qPCR and western blot analysis (Figure 7B-C). In addition, kidney 

functional markers (serum creatinine and blood urea nitrogen (BUN)), kidney injury marker (KIM1) 

and myofibroblast activation were decreased in p300 knock-out mice compared with wild-type mice 

(Figure 8A-C). To clarify the function of p300 in renal fibrosis, Folic acid injection, known for 

causing substantial damage to the renal proximal nephron, was applied to p300 knock-out mice, and 

similar results to the UUO model were found (Figure 9A-D).  

These results demonstrate that expression of p300 is increased in patients with fibrosis-associated 

CKD (FSGS, IgAN). In addition, elevation of p300 was observed in three different mouse models 

(UUO, FA, UNX-STZ) mimicking human renal fibrosis. Taken together, the results show that the 

p300 protein was specifically increased in renal proximal tubule cells. Moreover, it was verified that 

reduced fibrosis and kidney damage were observed in UUO and FA mouse models using proximal 
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tubule cell-specific p300 knockout mice compared with wild-type mice. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



３１ 
 

 

 

 

 



３２ 
 

Figure 6. Generation of proximal tubular cell specific p300 knock-out mice. (A) Schematic 

image of the mouse generation process (B) Representative image of p300 and 

AQP1 immunohistochemistry using serially sectioned samples. Samples from UUO-induced 

fibrosis mouse model using wild-type and p300 knock-out (KO) mouse. (C) Representative image 

of p300 and AQP1 co-immunofluorescence (IF) in mouse kidney samples. Samples from UUO-

induced fibrosis mouse model using wild-type and p300 knock-out mouse. (D) Gating for cell 

sorting with BD ARIA 3 device. The P5 region of the upper graph shows that the LTL negative cells. 

The P4 region of the bottom graph shows that the LTL positive cells (E) Representative image of 

p300 and AQP1 co-immunofluorescence (IF) in sorted LTL positive cell from wild-type and p300 

knock-out mouse. (F) mRNA levels of p300 and kidney cell specific marker genes of LTL positive 

and negative cell from wild-type and p300 knock-out mouse. 
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Figure 7. Proximal tubular cell-specific p300 knock-out attenuates fibrosis progression in 

UUO-induced renal fibrosis mouse model. (A) Representative image of Masson trichrome 

staining (MTS) and Sirius red staining using kidney samples. Samples from UUO-induced fibrosis 

mouse model using wild-type and p300 knock-out (KO) mouse. The graph represents quantification 

of fibrotic area in histological staining images. Data are represented as mean ± SEM, *P < 0.05, **P 

< 0.01, and ****P < 0.0001 by ordinary one-way ANOVA test. (B) mRNA levels of fibrosis-related 

genes of kidney tissue from UUO-induced fibrosis mouse model using wild-type and p300 knock-

out mouse. Data are represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 

0.0001 by ordinary one-way ANOVA test. (C) Protein levels of fibrosis indicate protein αSMA and 

COL1A. β-actin was used as the sample loading control. 
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Figure 8. Proximal tubular cell-specific p300 knock-out attenuates kidney injury and 

myofibroblast activation in UUO-induced renal fibrosis mouse model. (A) Representative image 

of KIM1 immunohistochemistry (IHC) using kidney samples. Samples from UUO-induced fibrosis 

mouse model using wild-type and p300 knock-out (KO) mouse. (B) Representative image of αSMA 

immunofluorescence (IF) using kidney samples. Samples from UUO-induced fibrosis mouse model 

using wild-type and p300 knock-out mouse. (C) Renal function test by biochemical test of Blood 

urea nitrogen (BUN) and serum creatinine. Serums from UUO-induced fibrosis mouse model using 

wild-type and p300 knock-out mouse. Data are represented as mean ± SEM, **P < 0.01, ***P < 

0.001 and ****P < 0.0001 by ordinary one-way ANOVA test. 
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Figure 9. Proximal tubular cell-specific p300 knock-out attenuates kidney fibrosis and injury 

in FA-induced renal fibrosis mouse model. (A) Representative image of Masson trichrome 

staining (MTS) and Sirius red staining using kidney samples. Samples from FA-induced fibrosis 

mouse model using wild-type and p300 knock-out (KO) mouse. The graph represents quantification 

of fibrotic area in histological staining images. Data are represented as mean ± SEM, *P < 0.05, and 

****P < 0.0001 by ordinary one-way ANOVA test. (B) mRNA levels of fibrosis-related genes of 

kidney tissue from FA-induced fibrosis mouse model using wild-type and p300 knock-out (KO) 

mice. Data are represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 

by ordinary one-way ANOVA test. (C) Protein levels of fibrosis indicate protein αSMA and COL1A. 

β-actin was used as the sample loading control. (D) Renal function test by biochemical test of Blood 

urea nitrogen (BUN) and serum creatinine. Serums from FA-induced fibrosis mouse model using 

wild-type and p300 knock-out mice. Data are represented as mean ± SEM, **P < 0.01, ***P < 0.001 

and ****P < 0.0001 by ordinary one-way ANOVA test. 
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3.3. The protein stability of p300 is regulated by AKT signaling-induced 

phosphorylation at Serine 1834 site 

To identify the molecular mechanisms that regulate p300 in renal proximal tubule cells, first, 

primary renal proximal tubular cells (PTEC) isolated from mouse kidneys were treated with TGF-

beta, a well-known fibrotic stimulus. A time-dependent increase of p300 protein levels was observed 

in TGF-beta-treated cells (Figure 10A). To further explore particular physiological regulatory 

pathways of p300, the human renal proximal tubular cell line HK-2 was used. Using Western blot 

analysis and cellular immunofluorescence staining, it was verified that p300 protein expression was 

increased by TGF-beta treatment in HK-2 cells (Figure 10B-C). But, RT-qPCR analysis failed to 

observe significant changes in mRNA levels at 6, 12, 24, and 48 hours post-TGF-beta treatment 

(Figure 10D). Recent studies propose that p300 protein levels are regulated through protein 

stabilization, a mechanism of regulating protein level, as demonstrated in the lungs and liver. To 

investigate the p300 in renal proximal tubular cells undergoes similar regulation of protein stability, 

HK-2 cells were treated with MG132 and cycloheximide. (CHX). Moreover, the increase of p300 

protein stability by TGF-beta stimuli was observed (Figure 10E-F). Recent research highlights that 

the stability of p300 is regulated by phosphorylation at Serine 1834 site through the AKT signaling 

pathway. A time-dependent increase of p300 phosphorylation at Serine 1834 by TGF-beta 

stimulation was observed in HK-2 cells. In addition, TGF-beta stimulation led to the 

phosphorylation of AKT, resulting in elevated p300 phosphorylation (Figure 11A-B). To investigate 

whether TGF-beta-induced p300 phosphorylation is mediated by the AKT pathway, HK-2 cells were 

treated with TGF-beta and the TGF-beta inhibitor LY2157299, and the Pan-AKT inhibitor 

LY294002. Blockade the TGF-beta and AKT signal led to a decrease in p300 phosphorylation and 

p300 protein levels (Figure 11C). To elucidate the function of serine 1834 site of p300 during 
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stability regulation, a mutant construct replacing Serine 1834 with Alanine in p300 was generated 

and transfected to HK-2 cells for overexpression, where endogenous p300 was knocked down using 

shRNA. Unlike the wild-type p300, the S1834A mutant-p300 was decreased its level and 

phosphorylation upon TGF-beta stimulation (Figure 12A). In addition, in the CHX chase assay, 

reduced protein stability was verified in the p300(S1834) mutant form (Figure 12B). To elucidate 

whether AKT signaling regulates protein stabilization of p300, CHX-chase assay was performed 

with LY294002, an AKT inhibitor, and a decrease in the stability of the p300 mutant (S1834A) 

compared to the wild type p300 was observed (Figure 12C). Furthermore, an increase of the 

phosphorylation of the p300 Serine 1834 site in a UUO-induced fibrosis mouse model was 

demonstrated by immunohistochemistry and immunofluorescence staining (Figure 13A-B).  
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Figure 10. p300 elevated at the protein level, not the mRNA level, in fibrotic condition. (A) 

Protein levels of p300 in primary proximal tubular epithelial cell (PTEC) treated with TGFβ. (B) 

Protein levels of p300 in HK2 cell line treated with TGFβ. (C) Representative image of p300 

immunofluorescence in HK2 cell line treated with TGFβ. The graph represent quantification of p300 

immunofluorescence image (normalized by DAPI). Data are represented as mean ± SEM, ***P < 

0.001 by ordinary one-way ANOVA test. (D) mRNA levels of p300 in HK2 cell line treated with 

TGFβ. Data are represented as mean ± SEM, ns, not-significant. by t-test. (E) Protein levels of p300 

in HK2 cell line treated with TGFβ and MG132 (proteasome inhibitor). (F) Protein levels of p300 

in HK2 cell line treated with TGFβ and Cycloheximide (CHX, protein synthesis inhibitor). The 

graph represent quantification of p300 intensity in western blot image (normalized by β-Actin).  
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Figure 11. Increase of phosphorylation of p300 Serine 1834 site in fibrotic condition. (A) 

Representative image of p300 and p-p300 immunofluorescence in HK2 treated with TGFβ for the 

indicated time. (B) Protein levels of AKT, phosphorylated AKT at Serine 473 (p-AKT), p300 and 

phosphorylated p300 at Serine 1834 (p-p300) in HK2 treated with TGFβ for the indicated time. (C) 

Protein levels of AKT, p-AKT, p300 and p-p300 in HK2 treated with TGFβ, LY2157299 (TGFβ 

inhibitor) and LY294002(AKT inhibitor). 



４３ 
 

 

Figure 12. Regulation of p300 stability via AKT-p-p300 axis in fibrotic condition. (A) Protein 

level of HA, phosphorylated p300 at Serine 1834 and p300 in HA-p300 and HA-p300 Serine to 

Alanine mutation construct transfected HK2 cell treated with TGFβ. (B) Protein level of HA and 

p300 in HA-p300 and HA-p300 Serine to Alanine mutation construct transfected HK2 cell treated 

with Cycloheximide (CHX, protein synthesis inhibitor) for the indicated time. (C) Protein level of 

p300 in HK2 cell treated with TGFβ, CHX and LY294002 (AKT inhibitor) for the indicated time. 
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Figure 13. Increase of p300 phosphorylation at Serine 1834 in UUO-induced mouse fibrosis 

model kidney. (A) Representative image of phosphorylated p300 immunohistochemistry (IHC) in 

mouse kidney tissues from UUO-induced mouse fibrosis model. The graph represents quantification 

of histological staining images. Data are represented as mean ± SEM, ***P < 0.001 by t-test. (B) 

Representative image of phosphorylated p300 immunofluorescence (IF) in mouse kidney tissues 

from UUO-induced mouse fibrosis model. The graph represents quantification of intensity of p-p300 

S1834 (normalized by DAPI). Data are represented as mean ± SEM, *P < 0.05 by t-test.  
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3.4. PPM1K diminishes the stability of p300 by interacting with p300 

to regulate the de-phosphorylation of the serine1834 site 

To identify the partner phosphatase of p300 that induces de-phosphorylation of p300 at serine 

1834, twelve phosphatases were screened, and the binding of PPP6C, PPM1D, PPM1M, PPM1K, 

and PPEF1 to p300 was validated through in vitro transcription and immunoprecipitation assays 

(Figure 14A). Among the phosphatases that bind to p300, specifically, PPM1K was identified to 

significantly reduce p300 protein levels and phosphorylation levels upon its overexpression in HK-

2 cells (Figure 14B). Furthermore, the de-phosphorylation function of PPM1K were validated using 

the PPM1K malfunctioning mutant, PPM1K N94K construct (Figure 14C). To elucidate the region 

of biding with PPM1K, a partial fragment of p300 was generated to screen the binding region 

between p300 and PPM1K (Figure 15A). Immunoprecipitation assay with fragmented constructs of 

p300 and PPM1K revealed that the 4348-5796 amino acid region of p300, including Serine 1834 

amino acid, is crucial for binding region with PPM1K (Figure 15B). Furthermore, to verify the 

interaction of p300 and PPM1K in fibrotic state, p300 and PPM1K were overexpressed in HK-2 

cells and the interaction between p300 and PPM1K was diminished by TGF-beta treatment in 

particular the p300 4348-5896 amino acid fragment (Figure 15C-D). In addition, proximity ligation 

assays (PLA) in HK-2 cells (Figure 15E), and UUO mouse kidney tissues was performed (Figure 

16). The interaction between p300 and PPM1K was reduced in UUO mouse tissues and TGF-beta 

stimulated HK2 cell line. In conclusion, these findings indicate that TGF-beta induces an increase 

in p300 protein levels in renal proximal tubular cells, regulated by protein stability rather than 

mRNA levels. The stability of p300 is regulated by phosphorylation at Serine 1834 through the AKT 

signaling pathway.  
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Taken together, PPM1K was identified as a phosphatase that dephosphorylates p300 at Serine 

1834, and the interaction between p300 and PPM1K decreased under fibrotic conditions. 
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Figure 14. PPM1K dephosphorylate p300 Serine 1834 site via protein interaction. (A) 

Screening of p300 partner phosphatase that de-phosphorylate Serine 1834 site via 

immunoprecipitation assay. (B) Protein level of p300 and phosphorylated p300 at Serine 1834 in 

phosphatases transfected HK2 cell treated with TGFβ. The graph represent quantification of p300 

and phosphorylated p300 at Serine 1834 intensity in western blot image (normalized by β-Actin). 

Data are represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 by 

ordinary one-way ANOVA test. (C) Protein level of p300 and phosphorylated p300 at Serine 1834 

in PPM1K and PPM1K Asparagine to Lysine mutation construct transfected HK2 cell treated with 

TGFβ. The graph represent quantification of p300 and phosphorylated p300 at Serine 1834 intensity 

in western blot image (normalized by β-Actin). Data are represented as mean ± SEM, *P < 0.05, **P 

< 0.01, ***P < 0.001 and ****P < 0.0001 by ordinary one-way ANOVA test. 
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Figure 15. PPM1K has diminished interaction with the p300 4348-5796 amino acid site in 

fibrotic condition. (A) Schematic image of partial construct of the p300. (B) Screening of PPM1K 

biding site on p300 by Immunoprecipitation assays using p300 partial construct. (C) Interaction of 

p300 and PPM1M, PPM1K in HK2 cell treated with TGFβ (D) Interaction of PPM1K at p300 4348-

5796 amino acid region in HK2 cell treated with TGFβ (E) Representative image of Proximity 

Ligation assay (PLA) in HK2 cell treated with TGFβ. The graph represents quantification of PLA 

signal (normalized by DAPI). Data are represented as mean ± SEM, *P < 0.05 by t-test. 
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Figure 16. PPM1K has diminished interaction with the p300 in UUO-induced mouse kidney. 

Representative image of Proximity Ligation assay (PLA) in mouse kidney tissue from UUO-induced 

mouse fibrosis model. The graph represents quantification of PLA signal (normalized by DAPI). 

Data are represented as mean ± SEM, **P < 0.01 by t-test. 
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3.5. Down-regulation of PPM1K in CKD and murine fibrosis models 

First, the clinical relevance of phosphatase PPM1K in chronic kidney disease (CKD) was 

investigated, particularly focusing on diabetic nephropathy (DM), the major type of CKD. Analysis 

of the Gene Expression Omnibus (GEO) dataset (GSE142025) revealed a significant decrease in 

PPM1K expression in DM patients (Figure 17A), and single-cell RNA sequencing analysis of CKD 

patients (GSE183279) demonstrated a reduction of PPM1K expression levels and the proportion of 

PPM1K expression cells in PTCs (Figure 17B). IHC of CKD patients' kidneys revealed a substantial 

decrease in PPM1K expression, particularly in FSGS and IgAN patients (Figure 17C). Furthermore, 

the decrease of PPM1K expression was observed in the UUO mouse fibrosis model at 2, 4, 6, 8, and 

14 days after surgery (Figure 18A), in addition, mRNA level of PPM1K was downregulated in UUO 

kidney fibrosis model (Figure 18B). In the UUO mouse model, opposite expression trend of p300 

and PPM1K. were observed in immunofluorescence staining. In addition, the inverse correlation of 

p300 and PPM1K expression was confirmed by correlation analysis (R2=0.793, p<0.0001) and 

western blot assay (Figure 19A-C). To assess the physiological change of PPM1K in PTCs, primary 

PTCs isolated from mice and the HK-2 cell line were treated with TGFβ (Figure 19D-E).  

As a results, the expression of PPM1K was shown to decrease in CKD patients and mouse fibrosis 

models, and the expression of PPM1K and p300 in PTCs demonstrated an inverse correlation. 

Moreover, mRNA levels of PPM1K showed a decreasing trend in UUO and FA models. 
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Figure 17. Reduction of PPM1K in patients with CKD. (A) mRNA levels of PPM1K in diabetes 

mellitus (DM) patient's kidney. (B) mRNA levels of PPM1K in CKD and AKI patient’s kidney 

proximal tubular epithelial cell. (C) Representative image PPM1K immunohistochemistry (IHC) in 

kidney tissue from Minimal Change Disease (MCD), Focal segmental glomerulosclerosis (FSGS), 

IgA nephropathy (IgAN) patients and normal donor. The graph represents quantification of DAB 

area in histological staining images. Data are represented as mean ± SEM, *P < 0.05, **P < 0.01 

and ****P < 0.0001 by ordinary one-way ANOVA test. 
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Figure 18. Reduction of PPM1K in UUO-induced mouse fibrosis model kidney. (A) 

Representative image PPM1K immunohistochemistry (IHC) in kidney tissue sample. Samples from 

UUO-induced mouse kidney 2, 4, 6, 8, and 14 days after surgery. The graph represents quantification 

of DAB area in histological staining images. Data are represented as mean ± SEM, **P < 0.01 and 

***P < 0.001 by ordinary one-way ANOVA test. (B) mRNA level of PPM1K in UUO-induced 

mouse fibrosis model kidney (8 days after surgery). Data are represented as mean ± SEM, **P < 

0.01 by t-test. 



５５ 
 

 

Figure 19. Inverse correlation of p300 and PPM1K in fibrotic condition. (A) Representative 

image of p300 and PPM1K co-immunofluorescence (IF) in mouse kidney tissues from UUO-

induced mouse fibrosis model. (B) Correlation analysis of H-score of p300 and PPM1K expression 

in immunohistochemistry (IHC) of UUO-induced mouse kidneys. (C) Protein levels of p300, 

PPM1K and Col1a in UUO-induced mouse fibrosis model kidney (8 days after surgery). (D) Protein 

levels of p300, PPM1K, Col1a and CTGF in primary proximal tubular epithelial cell (PTEC) treated 

with TGFβ. (E) Protein levels of p300, PPM1K in HK2 cell treated with TGFβ. 
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3.6. PPM1K negatively regulates fibrosis in the development of renal 

fibrosis 

To reveal the physiological roles of PPM1K on renal fibrosis, the RNA-sequencing dataset of the 

PPM1K-overexpressing HK-2 cell line (GSE212681) was analyzed, and reductions of fibrosis-

related genes such as Col1A1, Col2A1, CTGF, Vimentin, and FN1 were identified (Figure 20A). 

Furthermore, PPM1K-overexpressed HK-2 cells treated with TGF-beta led to a decrease of fibrosis-

related targets expression at both protein and mRNA levels compared with control HK-2 cells but 

not in PPM1K-N94K-overexpressed HK-2 cells (Figure 20B-C). Conversely, as a result of PPM1K 

knockdown using siRNA, fibrosis-related genes and proteins increased by TGF were further 

increased.in HK-2 cell (Figure 20D-F). Furthermore, to investigate the effect of PPM1K on fibrosis 

development in vivo, Adenovirus serotype 5 (Ad5) carrying PPM1K sequence tagged with GFP and 

Flag was generated. The virus was introduced via sub-capsular (SC) injection into UUO-operated 

mouse kidneys, and successful viral introduction was confirmed by observing GFP fluorescence 

(Figure 21A). SC injection of PPM1K-Ad5 into UUO kidney showed a decrease in p300 and p-p300 

expression compared to Empty-Ad5 injection (Figure 21 B-D), accompanied by reduced fibrosis 

observed through MTS and Sirius red staining (Figure 22A). Moreover, protein and mRNA levels 

of fibrosis-related targets decreased in UUO mouse kidneys with PPM1K overexpression, and 

kidney functional markers (serum creatinine and BUN) were restored (Figure 22B-D). But there is 

no change of PPM1K expression in PTCs specific p300 knock-out mice compared with wild-type 

mice with or without UUO surgery (Figure 23).  

In summary. it was revealed that PPM1K plays an important role in the development of renal 

fibrosis through overexpression and knockdown experiments in HK-2 cells. Furthermore, the anti-
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fibrotic roles of PPM1K were demonstrated in vivo via PPM1K-Ad5 virus transduction into the 

UUO mouse renal fibrosis model. 
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Figure 20. PPM1K reduced fibrosis-related gene and protein. (A) mRNA levels of fibrosis 

related gene in HK2 cell. RNA-sequencing data from Gene expression omnibus (GEO) data base. 

Data are represented as mean ± SEM, *P < 0.05 and ***P < 0. by ordinary t-test. (B) Protein levels 

of Col1a and CTGF in Flag-PPM1K and Flag-PPM1K N94K transfected HK2 cell treated with 

TGFβ. (C) mRNA levels of fibrosis-related genes in PPM1K and PPM1K N94K transfected HK2 

cell treated with TGFβ. Data are represented as mean ± SEM, ****P < 0.0001 by ordinary one-way 

ANOVA test. (D) mRNA levels of PPM1K in siPPM1K induced PPM1K knocking down HK2 cell. 

Data are represented as mean ± SEM, ****P < 0.0001 by ordinary one-way ANOVA test. (E) Protein 

levels of p300, PPM1K, Col1a and CTGF in siPPM1K transfected HK2 cell treated with TGFβ. (F) 

mRNA levels of fibrosis-related genes in siPPM1K #1 and #3 transfected HK2 cell treated with 

TGFβ. Data are represented as mean ± SEM, *P < 0.05, **P < 0.01 and ****P < 0.0001 by ordinary 

one-way ANOVA test. 
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Figure 21. Ad5-PPM1K introduction reduced p300 and phosphorylated p300 at Serine 1834 

in UUO-induced mouse kidney fibrosis model. (A) Confirmation of intrarenal introduction via 

immunofluorescence imaging. (B) Representative image of p300 and phosphorylated p300 at serine 

1834 (p-p300) immunohistochemistry (IHC) in kidney tissue sample. Samples from UUO after Ad5-

PPM1K and Ad5-PPM1K N94K injected mouse kidneys. (C) Representative image of p300 and 

Lotus Tetragonolobus Lectin (LTL) Co-immunofluorescence (IF) in kidney tissue sample. Samples 

from UUO after Ad5-PPM1K and Ad5-PPM1K N94K injected mouse kidneys. The graph represents 

proportion of p300 positive cell among LTL positive cells. Data are represented as mean ± SEM, *P 

< 0.05 and **P < 0.01 by ordinary one-way ANOVA test. (D) Representative image of p-p300 and 

Lotus Tetragonolobus Lectin (LTL) Co-immunofluorescence (IF) in kidney tissue sample. Samples 

from UUO after Ad5-PPM1K and Ad5-PPM1K N94K injected mouse kidneys. The graph represents 

proportion of p-p300 positive cell among LTL positive cells. Data are represented as mean ± SEM, 

**P < 0.01 and ****P < 0.0001 by ordinary one-way ANOVA test. 
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Figure 22. Ad5-PPM1K introduction alleviate kidney fibrosis in UUO-induced mouse kidney 

fibrosis model. (A) Representative image of Masson trichrome staining (MTS) and Sirius red 

staining using kidney sample. Samples from Ad5-PPM1K and Ad5-PPM1K N94K introduced UUO-

induced mouse model kidney. The graph represents quantification of fibrotic area in histological 

staining images. Data are represented as mean ± SEM, *P < 0.05 and ****P < 0.0001 by ordinary 

one-way ANOVA test. (B) mRNA levels of fibrosis-related gene in Ad5-PPM1K and Ad5-PPM1K 

N94K introduced UUO-induced mouse model kidney. Data are represented as mean ± SEM, *P < 

0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 by ordinary one-way ANOVA test. (C) Protein 

levels of fibrosis-related protein αSMA and COL1A. β-actin was used as the sample loading control. 

(D) Renal function test by biochemical test of Blood urea nitrogen (BUN) and serum creatinine. 

Serums from Ad5-PPM1K and Ad5-PPM1K N94K introduced UUO-induced mouse model. Data 

are represented as mean ± SEM, *P < 0.05, **P < 0.01 and ****P < 0.0001 by ordinary one-way 

ANOVA test. 
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Figure 23. No alterations of PPM1K expression in proximal tubular cell-specific p300 knock-

out mouse kidney. Representative image PPM1K immunohistochemistry (IHC) in kidney tissue 

sample. Samples from UUO-induced fibrosis mouse model using wild-type and p300 knock-out 

(KO) mice. The graph represents quantification of DAB positive area in histological staining images. 

Data are represented as mean ± SEM, ns, not significant by ordinary one-way ANOVA test. 
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3.7. PTC-specific p300 knock-out modulates mesenchymal transition in 

renal fibrosis development 

Previous results showed that Co-transcription factor, p300 in the proximal tubule involved in the 

development of renal fibrosis. Therefore, to reveal the molecular mechanism involved in p300, 

RNA-sequencing was performed using kidney tissue from UUO surgery on PTC-specific p300 

knock-out mice, and Anti-p300 CUT&TAG-sequencing was performed using primary kidney 

proximal tubule cells isolated from PTCs specific p300 knock-out mouse kidney tissues to identify 

genes transcriptionally regulated by p300. The RNA-sequencing analysis identified 702 genes 

down-regulated in PTCs specific p300 knock-out mice with UUO surgery compared to the wild type 

mice with UUO surgery (fold-changeௗ>ௗ1.5, 2Log2). Furthermore, comparative analysis of 

CUT&TAG data between wild-type and PTCs specific p300 knock-out mice with UUO surgery 

identified more than 800 genes expected to be regulated by p300 in fibrosis. Then, twenty-eight 

commonly regulated genes were identified in RNA-sequencing and CUT&TAG-sequencing data 

(Figure 24A, D). To investigate change of biological pathways in PTCs specific p300 knock-out 

mice, GO Enrichment Analysis performed using PANTHER revealed that Epithelial-Mesenchymal 

transition (EMT) and angiogenesis were the major regulated pathways (Figure 24B). Gene set 

enrichment analysis (GSEA) demonstrated significant change of EMT genes regulated by p300 

(Figure 24C). Recent studies have reported that EMT, a myofibroblast-derived process that has been 

considered important in the progression of renal fibrosis, does not have a significant effect as 

expected. Recent studies have reported that EMT, the process by which myofibroblasts are derived, 

known to play a role in the progression of renal fibrosis, does not have a significant effect as 

expected34. Therefore, EndoMT, which has similar characteristics to EMT and shares many 

regulatory mechanisms has been proposed as an alternative pathway for myofibroblast derivation in 
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the development of renal fibrosis. Another pathway regulated by p300, angiogenesis, suggests that 

there are alterations in the maintenance and formation of vasculature in renal tissue during fibrosis 

development, Therefore, this could be considered further evidence for EndoMT. In addition, the 

public dataset of single-cell RNA-sequencing of CKD patients was investigated and it showed that 

the expression rate of Vimentin, a representative mesenchymal cell marker, was increased in 

epithelial cells and endothelial cells of CKD patients compared to normal (Figure 24E). Moreover, 

an increase of the expression rate and relative mRNA levels of mesenchymal cell markers such as 

Fn1, SNAI2, and Vimentin in endothelial cells was verified (Figure 24F). 
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Figure 24. p300 of proximal tubular cell regulate mesenchymal transition related gene 

expression. (A) The Venn diagram shows the overlap between differentially expressed genes and 

direct target genes common to the RNA-sequencing and CUT&TAG-sequencing. (B) Pathway 

analysis using MSigDB Hallmark for the differentially expressed genes in proximal tubular cell-

specific p300 knock-out (KO) mouse kidneys versus wild-type mouse kidneys. (C) Epithelial-to-

Mesenchymal transition (EMT) related Gene Set Enrichment Analysis (GSEA) for the differentially 

expressed genes in proximal tubular cell-specific p300 knock-out mouse kidneys versus wild-type 

mouse kidneys. (D) 28 genes identified in common in both RNA sequencing and CUT&TAG 

sequencing. (E) UMAP representation of cell cluster from CKD patients’ samples. Expression of 

Vimentin in proximal tubule cell and endothelial cell population (red box) were represent by green 

to blue dots. Single cell-RNA sequencing data from public database. (F) Expression level of 

mesenchymal marker gene in endothelial cell. CKD patients Single cell-RNA sequencing data from 

public database. 
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3.8. p300 regulates the expression of the mesenchymal transition-

associated secreted proteins POSTN, FSTL1, and FSCN1 in renal 

fibrosis 

Among the genes predicted to be regulated by p300 in proximal tubule cells during renal fibrosis, 

the POSTN, FSTL1, and FSCN1 genes were focused on, which encode secreted proteins that 

mediate cross-talk with surrounding cells and are known to affect mesenchymal transition. First, the 

public dataset of CKD was analyzed to identify POSTN, FSTL1, and FSCN1 gene expression in 

CKD patients. As a result, increased expression of these three genes was found in DM patients 

(Figure 25A) and single-cell RNA sequencing analysis of CKD patients showed that the expression 

of POSTN, FSTL1, and FSCN1 was increased in PTCs (Figure 25B). Furthermore, ATAC-

sequencing analysis of PTCs of mouse ischemia-reperfusion injury(IRI) fibrosis model kidneys 

revealed increased chromatin accessibility in the promoter regions of POSTN, FSTL1, and FSCN1 

genes during the progression of renal fibrosis (Figure 25C). Thus, POSTN, FSTL1, and FSCN1 

secreted proteins from HK-2 cultured media and mRNA of HK-2 cells were examined to verify 

whether protein and gene expression were regulated by TGF-beta-induced fibrotic conditions in 

proximal tubule cells. The results show that both mRNA and secreted protein are increased upon 

TGF-beta treatment in a time-dependent manner as p300 was increased (Figure 25D-E). In addition, 

to confirm that the selected genes are regulated by p300, public datasets were analyzed. A p300 

Chromatin-immunoprecipitation (ChIP)-sequencing analysis in the human fetal kidney cortex 

confirmed enrichment of p300 near the transcription start site (TSS) of the POSTN, FSTL1, and 

FSCN1 genes (Figure 26A). To investigate that the p300 regulates the expression of the three genes 

and secretory proteins, using genetically-engineered p300 knock-out HK-2 cells, it was 
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demonstrated that the secretion of POSTN, FSTL1, and FSCN1, which was increased by TGF-beta 

stimulation, was reduced from the HK-2 cell culture media, and the mRNA levels were decreased 

(Figure 26B, D). Then, UUO surgery on PTC-specific p300 knock-out mice was performed, and the 

expression levels of FSTL1, FSCN1, and POSTN were investigated by immunohistochemistry. The 

results showed that the expression of these three proteins increased by UUO and decreased by p300 

knock-out (Figure 26C). In addition, overexpression of p300 promoted the mRNA expression of the 

three genes POSTN, FSTL1, and FSCN1 in HK-2 cell (Figure 26E). Moreover, to verify the 

regulation of the three genes by PPM1K, the expression of POSTN, FSTL1, and FSCN1 genes was 

examined upon overexpression of PPM1K in TGF-beta-induced fibrotic conditions and RT-qPCR 

analysis showed that the expression of POSTN, FSTL1, and FSCN1 genes decreased by PPM1K 

overexpression (Figure 26F). Finally, to investigate whether PPM1K regulates the expression of 

POSTN, FSTL1, and FSCN1 in vivo under fibrotic conditions, the mRNA levels were examined in 

the kidney tissues of UUO-induced renal fibrosis model mice overexpressing PPM1K via 

adenovirus. It was observed that the expression of POSTN, FSTL1, and FSCN1 was reduced in the 

PPM1K-overexpressed UUO-induced kidneys (Figure 26G). 

In conclusion, these result suggests that p300 deficiency in renal proximal tubular cells supposed 

to regulate mesenchymal transition and angiogenesis and these implies that p300 regulates EMT or 

EndoMT via modulate the expression of mesenchymal transition-related secretory proteins, POSTN, 

FSTL1, and FSCN1. Moreover, these three genes were verified to be increased in CKD patients, and 

it was demonstrated that p300 regulates their expression via in vivo and in vitro studies using p300 

overexpression and knock-out systems and PPM1K adenoviral vector. 
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Figure 25. Increased expression levels of FSTL1, FSCN1 and POSTN during fibrosis 

progression. (A) mRNA levels of FSTL1, FSCN1 and POSTN. RNA-sequencing data of Diabetes 

nephropathy patients from Gene Expression Omnibus (GEO). (B) Expression of FSTL1, FSCN1 

and POSTN in kidney proximal tubular cell. Single cell RNA-sequencing data of CKD and AKI 

patients from public data base. (C) Chromatin accessibility of POSTN, FSTL1, and FSCN1 promoter 

region in Ischemia Reperfusion Injury (IRI) model mouse kidneys. ATAC-sequencing data from 

public data base. (D) Protein levels of FSTL1, FSCN1 and POSTN in HK2 cultured medium and 

p300 from HK2 cell lysates. HK2 cells were stimulated by TGFβ. β-actin was used as the sample 

loading control. (E) mRNA levels of FSTL1, FSCN1 and Postn in HK2 cells treated with TGFβ. 

Data are represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 by 

ordinary one-way ANOVA test. 
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Figure 26. p300 regulate expression of FSTL1, FSCN1, POSTN in kidney proximal tubular 

cell. (A) p300 enrichment in POSTN, FSTL1, and FSCN1 promoter region. Chromatin 

immunoprecipitation (ChIP)-Sequencing data of human fetal kidney from public data base. (B) 

Protein levels of FSTL1, FSCN1 and POSTN in HK2 cultured medium and p300 from HK2 cell 

lysates. Wild type and p300 knock-out (KO) HK2 cells were stimulated by TGFβ. β-actin was used 

as the sample loading control. (C) Representative image of FSTL1, FSCN1, 

POSTN immunohistochemistry (IHC) in kidney tissue sample. Samples from UUO-induced fibrosis 

mouse model using wild-type and p300 knock-out mice. The graph represents quantification of DAB 

area in histological staining images. Data are represented as mean ± SEM, **P < 0.01 and ****P < 

0.0001 by ordinary one-way ANOVA test. D, E, F, G mRNA levels of FSTL1, FSCN1 and Postn. 

(D) p300 knock-out and wild-type HK2 cells treated with TGFβ. (E) p300 overexpressed HK2 cell 

treated with TGFβ. (F) PPM1K and PPM1K N94K overexpressed HK2 cell treated with TGFβ. (G) 

Ad5-PPM1K and Ad5-PPM1K N94K introduced UUO-induced mouse model kidney. Data are 

represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 by ordinary 

one-way ANOVA test. 
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3.9. p300 in PTCs promotes EndoMT via regulation of protein secretion 

during renal fibrosis development 

The possibility that p300 in the PTCs may regulate the expression of secreted proteins that can 

induce EndoMT was verified from the previous RNA-sequencing and CUT&TAG-sequencing 

analysis results. Therefore, to determine whether proximal tubule cells could directly induce 

mesenchymal transition of HUVECs, HK2 cells were co-cultured with human vascular endothelial 

cells, HUVEC cells. The protein and mRNA levels of endothelial and mesenchymal markers in 

HUVECs co-cultured with TGF-beta-stimulated HK-2 cells were observed by immunofluorescence 

(IF) and RT-qPCR. The results showed that EndoMT was derived in HUVECs co-cultured with 

TGF-beta stimulated HK2 cells (Figure 27A-C). Therefore, to determine whether EndoMT is 

regulated by p300 in renal fibrosis, first, quantitative changes of endothelial cells were identified by 

immunohistochemistry for the endothelial cell marker, CD31 in renal proximal tubule-specific p300 

knock-out UUO mice. The results showed that the number of endothelial cells decreased in UUO-

induced wild type mice, but the UUO-induced decrease was restored in p300 knock-out mice. 

Furthermore, endothelial cell integrity of blood vessels was validated by examining albumin leakage. 

The results showed that increased albumin leakage in UUO was significantly reduced in p300 knock-

out mouse kidneys compared with wild-type mice (Figure 28A). To assess the mesenchymal 

transition of endothelial cells, Zo-1, an intercellular tight junction marker, was identified in CD31-

positive cells by immunofluorescence staining. As a result, the intercellular junction of endothelial 

cells reduced by UUO induced EndoMT, but was restored in UUO induced PTCs specific p300 

knock-out mice compared to wild-type mice (Figure 28B). To clarify that p300 deficiency in the 

proximal tubule regulates EndoMT in fibrosis development, expression of the endothelial cell 

marker, CD31 and the mesenchymal cell marker Vimentin were verified by Co-immunofluorescence 



７８ 
 

staining. These results showed that the co-expression of Vimentin and CD31, increased by UUO, 

was significantly reduced in PTC specific p300 knock-out mice compared to wild-type mice (Figure 

28C). Furthermore, the mRNA levels of the mesenchymal cell markers Vimentin, PAI-1, and FSP-

1, and the endothelial cell markers CD31, Tie-2, and CD144, were examined by RT-qPCR. It was 

demonstrated that EndoMT was reduced in UUO-induced PTC-specific p300 knock-out mice 

compared to wild-type mice (Figure 28D). To determine whether p300 in proximal tubule cells 

directly affects EndoMT, Wild-type and p300 knock-out HK-2 cells were stimulated by TGF-beta 

and then switched to non-serum medium to obtain HK-2-derived secreted proteins. The medium was 

concentrated and treated to HUVECs. The results showed that HUVECs treated with medium 

collected from TGF-beta-stimulated HK2 cells induced EndoMT, but EndoMT progression was 

significantly reduced in HUVECs treated with medium collected from p300 knock-out HK2 cells, 

as verified by RT-qPCR of endothelial cell and mesenchymal cell markers (Figure 28E), and 

observation of HUVEC morphologic change (mesenchymal character ex. Sharp and long shape) 

(Figure 28F). Finally, to determine whether p300-induced increases in EndoMT impaired vascular 

structure maintenance, three-dimensional imaging of UUO-induced wild-type mouse and PTC-

specific p300 knock-out mouse kidneys was performed to determine the microvascular structure. 

This results demonstrated that impaired micro vascular structure via UUO-induced fibrosis, was 

restored by PTCs-specific p300 knock-out (Figure 29). Moreover, to verify that proximal tubule 

cells affect the mesenchymal transition in epithelial cells (EMT), HK-2 cells were co-cultured with 

TGF-beta-stimulated HK-2 cells, and it was observed that mesenchymal transition occurred 

similarly to HUVEC cells (Figure 30). 

In summary, these results suggest that renal fibrosis involves not only Epithelial-to-Mesenchymal 

transition (EMT) but also Endothelial-to-Mesenchymal transition (EndoMT). Furthermore, the 
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knock-out of p300 in renal proximal tubular cells leads to a reduction of EndoMT, contributing to 

the preservation of microvascular integrity in the kidney. 
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Figure 27. Proximal tubule cell promotes Endothelial-to-Mesenchymal transition directly in 

fibrotic condition. (A) Schematic image of the Co-culture method. TGFβ stimulated HK2 cells 

were transferred to HK2 cells or HUVEC cells and cultured for 24 hours. (B) Representative image 

of endothelial and mesenchymal cell marker co-immunofluorescence (IF) in HUVEC cells co-

cultured with TGFβ stimulated HK2 cells. (C) mRNA levels of endothelial and mesenchymal cell 

marker genes in HUVEC cells co-cultured with TGFβ. Data are represented as mean ± SEM, *P < 

0.05, **P < 0.01 and ***P < 0.001 by t-test. 
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Figure 28. p300 in kidney proximal tubule cell modulate Endothelial-to-Mesenchymal 

transition in fibrotic condition. (A) Representative image CD31 and Albumin 

immunohistochemistry (IHC) in kidney tissue sample. Samples from UUO-induced fibrosis mouse 

model using wild-type and p300 knock-out mice. The graph represents quantification of DAB area 

in histological staining images. Data are represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P 

< 0.001 and ****P < 0.0001 by ordinary one-way ANOVA test. (B) Representative image of CD31 

and Zo-1 co-immunofluorescence (IF) in kidney tissue sample. Samples from UUO-induced fibrosis 

mouse model using wild-type and p300 knock-out mice. The graph represents quantification of Co-

localized area in images. Data are represented as mean ± SEM, **P < 0.01 by ordinary one-way 

ANOVA test. (C) Representative image of CD31 and Vimentin co-immunofluorescence (IF) in 

kidney tissue sample. Samples from UUO-induced fibrosis mouse model using wild-type and p300 

knock-out mice. The graph represents quantification of Co-localized area in images. Data are 

represented as mean ± SEM, *P < 0.05 and ****P < 0.0001 by ordinary one-way ANOVA test. (D) 

mRNA levels of endothelial and mesenchymal cell marker genes in kidney tissue sample. Samples 

from UUO-induced fibrosis mouse model using wild-type and p300 knock-out mice. Data are 

represented as mean ± SEM, *P < 0.05, ***P < 0.001 and ****P < 0.0001 by ordinary one-way 

ANOVA test. (E) mRNA levels of endothelial and mesenchymal cell marker genes in HUVEC cell 

with TGFβ stimulated HK2 cell conditioned medium. Data are represented as mean ± SEM, *P < 

0.05, **P < 0.01 and ***P < 0.001 by ordinary one-way ANOVA test. (F) morphologic change of 

HUVEC cell with TGFβ stimulated HK2 cell conditioned medium. 
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Figure 29. p300 knock-out in kidney proximal tubule cells attenuates fibrosis-induced 

microvasculature destruction. (A) Representative 3-D image of microvascular structure (CD31) 

in kidney tissue sample. Samples from UUO-induced mouse fibrosis model using wild-type and 

p300 knock-out (KO) mice. The graph represents quantification of CD31 intensity in 3-D images 

(normalized by tissue volume). Data are represented as mean ± SEM, *P < 0.05 and **P < 0.01 by 

ordinary one-way ANOVA test.  
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Figure 30. Proximal tubule cell promotes Epithelial-to-Mesenchymal transition via autocrine 

in fibrotic condition. Representative image of epithelial and mesenchymal cell marker co-

immunofluorescence (IF) in HK2 cells co-cultured with TGFβ stimulated HK2 cells. 
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3.10. p300-specific inhibitor, attenuates the development of renal 

fibrosis in vivo and in vitro 

Previous results indicate that p300 protein in renal proximal tubule cells induces renal fibrosis by 

leading to mesenchymal transition of renal constituent cells during the development of renal fibrosis. 

Therefore, using A6 and C646, a p300-specific inhibitor that has recently been shown to inhibit p300 

in the lung and liver, to determine its anti-fibrotic effect in the progression of renal fibrosis. It was 

demonstrated that treatment with A6 and C646 in a UUO-induced renal fibrosis model mice 

significantly inhibited fibrosis progression, as assessed by MTS, Sirius red staining, and soluble 

collagen assay (Figure 31A, C). In addition, p300 protein expression in PTCs, elevated in UUO, was 

significantly reduced by A6 and C646 treatment. (Figure 31B). The expression of fibrosis-related 

genes and proteins of inhibitor treated kidney tissues was assessed by RT-qPCR and western blot, 

which showed that increased expression of fibrosis-related genes and proteins by UUO was 

significantly reduced by A6 treatment (Figure 31D-E). To investigate the anti-fibrotic effects of p300 

selective inhibitors in HK-2 cells, cells were treated with A6 and C646 before TGF-beta treatment. 

The results demonstrated that the increase of fibrosis-related genes and p300 protein induced by 

TGF-beta was reduced by the treatment of A6 and C646, as verified by RT-qPCR and Western blot. 

These results showed that inhibition of p300 led to suppression of fibrotic function via EMT in PTCs 

(Figure 32A-B). 

Previous in vivo and in vitro results demonstrated that p300 regulates the expression of POSTN, 

FSTL1, and FSCN1 in renal proximal tubule cells in the development of fibrosis. Therefore, A6 and 

C646 administration was investigated to determine whether it inhibits the expression of the three 

target proteins in a UUO-induced mouse renal fibrosis model through p300 inhibition. The results 
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showed that the expression of the three proteins increased by UUO induction was significantly 

reduced by A6 treatment, especially in the interstitium between PTCs (Figure 33A). Furthermore, in 

HK2 cells, the secretion of POSTN, FSTL1, and FSCN1 upon p300-selective inhibitor treatment 

was examined. It was observed that A6 and C646 inhibited the secretion of these three proteins, 

which had been increased by TGF-beta (Figure 33B). Finally, to verify the alleviation of tubular cell 

injury and reduction of EndoMT after p300-selective inhibitors treatment, KIM1 expression, 

albumin leakage, and intercellular connections of endothelial cells were verified. The results showed 

that KIM1 expression and Albumin leakage, which were increased by UUO, were alleviated by 

p300-seletive inhibitors and the intercellular connections of endothelial cells that were reduced upon 

UUO were alleviated by p300-selective inhibitors treatment (Figure 34 A-B).  

Taken together, these results demonstrate that A6 and C646 a p300-specific inhibitor, prevents the 

progression of renal fibrosis by inhibiting p300 in PTC. In particular, it inhibited the expression of 

POSTN, FSTL1, and FSCN1, which are downstream regulatory proteins of p300 in PTC, leading to 

inhibition of renal injury and EndoMT. 
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Figure 31. p300-selective inhibitors attenuate kidney fibrosis in mouse fibrosis model. (A) 

Representative image of Masson trichrome staining (MTS) and Sirius red staining using kidney 

samples. Samples from UUO-induced mouse fibrosis model injected with C646 and A6. The graph 

represents quantification of fibrotic area in histological staining images. Data are represented as 

mean ± SEM, *P < 0.05, **P < 0.01 and ***P < 0.001 by ordinary one-way ANOVA test. (B) 

Representative image of p300 and AQP1 immunohistochemistry using serially sectioned samples. 

Samples from UUO-induced mouse fibrosis model injected with C646 and A6. The graph represents 

H-score in histological staining images. Data are represented as mean ± SEM, *P < 0.05 and ****P 

< 0.0001 by ordinary one-way ANOVA test. (C) Soluble collagen assay using kidney samples. 

Samples from UUO-induced fibrosis mouse fibrosis model injected with C646 and A6. Data are 

represented as mean ± SEM, *P < 0.05 and ****P < 0.0001 by ordinary one-way ANOVA test. (D) 

mRNA levels of fibrosis-related genes in kidney samples from UUO-induced fibrosis mouse 

injected with C646 and A6. Data are represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 

0.001 and ****P < 0.0001 by ordinary one-way ANOVA test. (E) fibrosis-related protein αSMA and 

COL1A in kidney samples from UUO-induced fibrosis mouse injected with C646 and A6. β-actin 

was used as the sample loading control. 
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Figure 32. p300-selective inhibitors alleviate fibrosis in HK2 cells via inhibition of p300. (A) 

Protein level of p300 HK2 cells treated with TGFβ, C646 and A6. β-actin was used as the sample 

loading control. (B) mRNA levels of fibrosis-related genes in HK2 cells treated with TGFβ, C646 

and A6. Data are represented as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 

0.0001 by ordinary one-way ANOVA test. 
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Figure 33. p300-selective inhibitors reduced expression of FSTL1, FSCN1 and POSTN. (A) 

Representative image of FSTL1, FSCN1 and POSTN Co-immunofluorescence (IF) in kidney 

samples. Samples from UUO-induced fibrosis mouse fibrosis model injected with C646 and A6. 

The graph represents quantification of intensity of FSCTL1, FSCN1, and POSTN (normalized by 

DAPI). Data are represented as mean ± SEM, **P < 0.01, ***P < 0.001 and ****P < 0.0001 by 

ordinary one-way ANOVA test. (B) Protein levels of FSTL1, FSCN1 and POSTN in HK2 cultured 

medium. HK2 cells were treated by TGFβ with C646 and A6. β-actin was used as the sample loading 

control. 
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Figure 34. p300-selective inhibitors inhibit Endothelial-to-Mesenchymal transition in fibrotic 

condition. (A) Representative image of KIM1 and albumin immunohistochemistry (IHC) in kidney 

tissue sample. Samples from UUO-induced fibrosis mouse fibrosis model injected with C646 and 

A6. The graph represents quantification of DAB positive area. Data are represented as mean ± SEM, 

*P < 0.05, **P < 0.01 and ****P < 0.0001 by ordinary one-way ANOVA test. (B) Representative 

image of CD31 and Zo-1 co-immunofluorescence (IF) in kidney tissue sample. Samples from UUO-

induced fibrosis mouse fibrosis model injected with C646 and A6. 
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4. DISCUSSION 

 

Chronic kidney disease (CKD) has a high prevalence and impairs patient’s quality of life. 

Especially, the fibrosis is characterized in patients with advanced CKD. However, despite the 

majority of patients with CKD eventually progress to kidney failure by kidney fibrosis, the 

pathogenesis and mechanisms for the progression of kidney fibrosis are currently unclear. Therefore, 

fundamental research on the pathogenesis of kidney fibrosis was conducted by targeting p300, an 

epigenetic regulator in kidney fibrosis. Histone acetyltransferase p300, an epigenetic regulator, is a 

crucial co-transcription factor that regulates the expression of various genes and has been studied as 

a factor associated with poor prognosis in cancer, fibrosis, and inflammation. In particular, in fibrotic 

diseases, p300 is known to play an important role in pathogenesis in various organs and tissues. It 

is known that p300 protein is upregulated in stellate cells during liver fibrosis by regulating its 

stability through phosphorylation of Serine 1834 site and plays an important role in fibrosis 

development86. In the heart, high levels of lactate induce cardiac fibrosis by regulating EndoMT via 

inducing p300 binding to snail1100. In addition, p300 protein is upregulated in IPF patients, and in 

pulmonary fibrosis progression, p300 expression is specifically increased in AT2 cells. p300 in AT2 

cells induces transcriptional activation of chemokines such as CCL7 and CCL12 and promotes 

polarization of macrophages92. However, there are only a few studies on the cell-specific role of 

p300 in renal fibrosis and detailed pathogenesis. Therefore, in this study, increased expression of 

p300 protein was identified in CKD patients with fibrosis and in three different mouse models of 

renal fibrosis, and a specific increase of p300 in proximal tubular epithelial cells (PTCs), which 

constitute the major proportion of the kidney, was further identified during fibrosis progression. This 

study focused on the proximal tubular epithelial cell (PTC)-specific function of p300 in the 
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development of renal fibrosis and proposed that the level of p300 protein in renal proximal tubule 

cells is regulated by the partner phosphatase PPM1K. In particular, high levels of p300 expression 

were found in FSGS and IgAN patients, suggesting its potential as a differential marker for early, 

clinically indistinguishable MCD. Finally, in p300 knock-out mice, fibrosis progression was 

attenuated in both UUO and folic acid fibrosis models compared to wild type mice, therefore, it was 

demonstrated that an elevation of p300 protein plays an important role in the development of renal 

fibrosis. 

PPM1K is a phosphatase in the PPM family, and unlike PPM1A, which is known to be a regulator 

of kidney, liver, and lung fibrosis, and PPM1D, PPM1G, and PPM1B, which have been associated 

with various type of cancer, PPM1K has rarely been reported to be associated with clinical disease 

and has only been reported in some branched-chain amino acids-related ischemic stroke or metabolic 

disorders such as polycystic ovary syndrome and maple syrup urine disease. Intriguingly, with 

regard to renal disease, it has been reported that the RNA sequencing analysis using PPM1K 

overexpressed HK2 human proximal tubule cell lines have shown that biological pathways such as 

apoptosis, angiogenesis, cell adhesion, and ECM organization are regulated by PPM1K. 

Interestingly, this study demonstrated the clinical relevance of PPM1K in CKD patients and 

proposed a novel molecular mechanism of PPM1K in association with p300 stability in the 

development of renal fibrosis. Therefore, this study verified that the PPM1K negatively regulated 

renal fibrosis. Since, there are only few studies on PPM1K in human diseases, further research is 

needed to clarify the patho-physiological roles of PPM1K in human disease.  

In many cases of CKD, the End-stage of pathogenesis is accompanied by fibrosis. In most organs, 

fibroblasts, present in the tissue stroma are the major origin of ECM-secreting myofibroblasts. 

However, trans-differentiation to myofibroblasts via EMT and EndoMT also play an important role 
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in the progression of renal fibrosis. In the case of EMT, it is induced by various molecular pathways 

in response to signaling such as TGF-beta and TNA-alpha in the kidneys31,36,93. In particular, it is 

known that human proximal tubule cells HK-2 cells, which are widely used in renal fibrosis research, 

increase the expression of ECM proteins such as collagen 1 and collagen 3 as well as mesenchymal 

transition upon TGF-beta treatment101,102. In addition, it has been widely reported that various stimuli 

such as TGF-beta, wnt3a, IL-6, and Notch promote EndoMT upon induction of renal fibrosis35,65,70. 

Interestingly, it was reported that up-regulation of MYC protein in renal proximal tubule cells 

promotes EndoMT-mediated renal fibrosis103. Moreover, recent reports have demonstrated that 

EndoMT plays a more important role than EMT during development of renal fibrosis34. Therefore, 

this study focused on the changes in EndoMT via p300 regulation in the renal proximal tubule cell 

during renal fibrosis progression. First, it was observed that the elevation of p300 in proximal tubule 

cells promotes the secretion of mesenchymal-transition-associated secretory proteins (POSTN, 

FSTL1, and FSCN1), inducing EndoMT. Second, Low oxygen and low nutrient supply are well-

known factors that promote fibrosis. Therefore, capillaries, the main source of oxygen and nutrients, 

are thought to play an important role in the development of fibrosis104,105. As a results, a collapse of 

the microvascular structure with EndoMT was observed during the development of fibrosis. 

However, EndoMT in kidney fibrosis was reversed by the inhibition of p300 function. These results 

suggest that the lack of tissue oxygen and nutrients supply via destruction of microvascular structure 

could be alleviated by p300 inhibition in kidney fibrosis condition. However, the exact function of 

each secreted protein (FSTL1, FSCN1, and POSTN) in EndoMT-mediated fibrosis progression is 

unclear, hence, additional detailed studies are necessary.  

Notably, several clinical trials of anti-fibrotic therapies have been conducted in CKD patients in 

the past such as FG-3019, the CTGF targeting drug, Pirfenidone, TGF-β targeting drug, Bardoxolone 
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methyl, Nrf2 targeting dug14. However, they had the limitation of targeting a single sub-target and 

did not show any noticeable therapeutic effect. The development of renal fibrosis involves the cross-

talk of various cell types, including fibroblasts, tubular cells, vascular endothelial cells, and immune 

cells, thus it is important to target common upstream regulators of fibrosis signaling in various cells, 

such as p300, as therapeutic targets. Therefore, inhibiting the function of p300 may be a promising 

therapeutic approach for CKD patients with renal fibrosis. Moreover, introducing p300-specific 

inhibitors, A6 and C646, which have been reported to have anti-fibrotic activity in other organs such 

as lung and liver, the anti-fibrotic effect of p300-selective inhibitors on the renal fibrosis was 

validated using in vivo and in vitro fibrosis models. Therefore, it was suggested that the selective 

inhibitor of p300 function could alleviate fibrosis not only kidney but other fibrotic organs. 
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5. CONCLUSION 

 

In this study, it was demonstrated that the elevated expression levels of p300 protein in the renal 

proximal tubular cells in Chronic kidney disease patients with fibrosis and three different mouse 

kidney fibrosis models. Moreover, expression levels of p300 protein in renal proximal tubule cells 

are negatively regulated by PPM1K phosphatase via inhibition of AKT-mediated phosphorylation 

of p300 at Serine 1834. Importantly, depletion of p300 gene diminishes EndoMT-mediated renal 

fibrosis. Furthermore, selective inhibition of p300 activity attenuates kidney fibrosis progression in 

mouse kidney fibrosis models. Collectively, our finding identified that the functional significance of 

p300 in the progression of kidney fibrosis and proposed that p300 as therapeutic target for Chronic 

kidney disease patients with fibrosis. 
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ABSTRACT IN KOREAN 

 

신장 섬유화 진행 과정에서의 히스톤 아세틸화 효소 p300의  

생리학적 기능 규명 

 
 

만성 신장 질환은 전 세계적으로 높은 유병률을 보이며 일반적으로 조직 내 심한 

섬유화가 동반된다. 그러나 현재까지 정확한 발병 기전 규명 및 효과적인 치료법 

개발을 위한 연구는 아직 부족하기 때문에 이에 대한 심도 깊은 추가적 연구가 

필요하다. 본 연구에서는 히스톤 아세틸 전이 효소인 E1A-associated protein p300 (p300) 

이 국소 분절 사구체 경화증 및 면역 글로불린 A 신장병과 같은 만성 신장 질환 

환자에서 증가한다는 것을 확인하였고, 사람 신장 섬유화를 모방한 각기 다른 세 

가지의 쥐 섬유화 유도 모델에서도 p300 단백질의 상승을 확인 하였다. 특히, 신장 

섬유증 진행 중 신장 근위 세뇨관 세포에서 p300 단백질이 특이적으로 상승함을 

확인했으며, 쥐 신장 섬유화 모델에서 근위세뇨관에서 p300을 특이적으로 결손 

시켰을 때, 신장 섬유화 발생이 완화 되는 것을 검증 하였다. 추가적으로 p300 

단백질의 안정성은 AKT 신호를 통한 p300의 세린 1834번째 아미노산의 인산화에 

의해 조절된다는 것을 확인하였으며 p300을 탈 인산화 하는 결합 파트너인 PPM 계열 

단백질, Protein Phosphatase, Mg2+/Mn2+ Dependent 1K (PPM1K)를 선별한 후 PPM1K 

단백질이 AKT 매개 p300 단백질의 안정화를 억제 함을 확인하였다. 그리고 신장 

섬유화 진행 중의 p300 단백질의 하위 전사 조절 유전자 선별 및 p300 단백질에 의해 

조절되는 생리학적 분자 조절 경로 확인을 위해 RNA-Sequencing 및 CUT&TAG- 

Sequencing을 사용하여 신장 섬유화를 유도한 신장 근위 세뇨관 세포 특이적 p300 

결손 마우스의 유전자 발현 조절을 확인 하였을 때, 신장 섬유증 진행 과정에서 간질 

세포 전환 및 혈관 신생이 조절되는 것을 확인하였다. 그리고 신장 섬유화 발달에 

의해 증가한 신장 근위 세뇨관 세포의 p300이 간질 세포 전환 관련 분비 단백질 

POSTN, FSTL1 및 FSCN1 발현을 조절하여 혈관 내피세포의 간질 세포 전환 (EndoMT) 

및 상피세포의 간질 세포 전환 (EMT)를 증가시켜 신장 섬유증 발생을 촉진한다는 
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것을 검증했다. 마지막으로, p300 특이적 저해제인 C646과 A6 처리 시 p300 매개 

EndoMT 저해와 섬유화 유발이 감소함을 쥐 섬유화 유도 모델을 이용하여 확인하였다. 

종합하자면, 본 연구는 신장 섬유증 발생 과정에서 신장 근위 세뇨관 세포의 p300의 

역할을 입증하였으며, p300을 신장 섬유증 표지자 또는 치료표적으로 제안 하고자 

한다. 
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