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Objectives: To screen and study circular RNA (circRNA) expression profiles in QTXZG-
mediated treatment of chronic glomerulonephritis (CGN) induced by adriamycin in rats and
to research the possible roles and molecular mechanisms of QTXZG.

Materials and methods: Next-generation RNA sequencing was used to identify circRNA
expression profiles in CGN after QTXZG treatment compared with a CGN model group and
a control group. Bioinformatics analysis was performed to predict potential target miRNAs
and mRNAs. GO and pathway analyses for potential target mRNAs were used to explore the
potential roles of differentially expressed (DE) circRNAs.

Results: We identified 31 and 21 significantly DE circRNAs between the model group vs the
control group and the model group vs the QTXZG group, respectively. Four circRNAs that
resulted from the establishment of the CGN model were reversed following treatment with
QTXZG. Further analysis revealed that these four circRNAs may play important roles in the
development of CGN.

Conclusions: This study elucidated the comprehensive expression profile of circRNAs in
CGN rats after QTXZG treatment for the first time. Analysis of the circRNA-miRNA—
mRNA-ceRNA network to determine potential function provided a comprehensive under-
standing of circRNAs that may be involved in the development of CGN. The current study
indicated that therapeutic effects of QTXZG on CGN may be due to regulation of circRNA
expression.
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Introduction

Chronic glomerulonephritis (CGN) is the major component of chronic kidney disease
(CKD), and the most common cause of end-stage kidney disease, CGN. CGN causes
significant pain and imposes societal and economic burdens on national health systems.
Moreover, CGN incidence is continuously growing, resulting in increased mortality.'
The immune-mediated inflammatory response in the tubulointerstitial compartment
and glomerular damage play a key role in the progression of CGN.? CGN patients
suffer from many severe clinical symptoms and reduced renal function.>*

Western medicines used to treat CGN include corticosteroids, immune-
suppressors, angiotensin-converting enzyme inhibitors, angiotensin II receptor
blockers, and cyclophosphamide.” Efficacy of these drugs is insufficient and costs
are very high. Furthermore, these drugs are associated with serious side effects

when administered long term.>°
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In traditional Chinese medicine (TCM), CGN belongs to
the diagnostic criteria: “spleen deficiency, blood stasis, and
damp”. Xin’an medicine, an important academic school of
TCM, which originated in the Song dynasty (960-1279AD),
states that “spleen deficiency, damp, and blood stasis” play key
roles in CGN. Based on this theory, a famous elder TCM
doctor of Xin’an medicine presented “invigorating the spleen
and water, removing blood stasis” to treat CGN.”° QTXZG
(approval number: Anhui province Food and Drug
Administration, Z20070001) was developed based on this
theory. QTXZG, also known as Shenkang granula or infusion,
consists of the following herbal medicines: Astragalus mem-
branaceus (Fisch.) Bunge. (Astragali Radix, Milkvetch Root,
Huangqi); Coix lacryma-jobi L. (Coicis Semen, Jobstears
Seed, Hook. f.
(Tripterygium wilfordii, Leigongteng); Cryptotympana pustu-

Yiyiren);  Tripterygium  wilfordii

lata Fabricius (Cicdae Periostracum, Cicada Slough, Chantui);
diffusa  Willd. Herb,
Baihuasheshecao); Imperata cylindrica Beauv . var. major

Hedyotis (Spreading Hedyotis
(Nees) C. E. Hubb. (Imperatac Rhizoma, Cogongrass
Rhizome, Baimaogen); Leonurus japonicus Houtt. (Leonuri
Herba, Wormwoodlike Motherwort, Yimucao). The functions
of these herbal
Pharmacopoeia 2015 include: tonifying spleen, inducing diur-

medicines as annotated in Chinese
esis to reduce edema, promoting blood circulation to remove
blood stasis, clearing heat, and detoxifying, which correspond-
ing to TCM theory of pathogenesis of CGN. These herbal
medicines have been widely applied to treat CGN at home and
abroad.'®!2

QTXZG has been used for clinical treatment of CGN for
more than 20 years. It was shown to be effective in relieving
clinical symptoms with no obvious toxic side effects.'*'* The
mechanisms of action of QTXZG may be regulation of
immune function, reduction of urine protein, inhibition of the
inflammatory response, and improvement of coagulation.'> !’
Our previous study showed that QTXZG was effective for
treatment of CGN in an adriamycin-induced CGN rat model.
Mechanisms involved in these effects included regulation of
expression of inflammatory factors, regulation of inflamma-
tory gene expression profiles, and inhibition of the Syk/Ras/
c-Fos signaling pathway.>'®!” However, the specific and com-
prehensive mechanisms of action have not been characterized.

Our previous study demonstrated appropriate methods for
the extraction and preparation of QTXZG.** Our previous
quality control study demonstrated that we could identify
Astragalus Membranaceus and Hedyotis diffusa Willd, and
perform a limit for Wilforlide A using thin layer chromato-
graphy (TLC). In addition, Astragaloside iv content could be

measured using thin layer scanning (TLS).?' Moreover, we
performed another study aimed at improving quality stan-
dards in which we showed that we could identify Hedyotis
diffusa Willd, Leonurus japonicus Houtt, Coix lacryma-jobi
L, and Cryptotympana pustulata Fabricius by TLC. In addi-
tion, we were able to determine calycosin-7-glucoside con-
tent, of a component of Astragalus Membranaceus, by high-
performance liquid chromatography.22 The methods used for
control quality were simple, specific, accurate, and reliable.

Recent advances in sequencing and bioinformatics tech-
nology have indicated that protein-coding and noncoding
genes are not only expressed as linear messenger RNAs
but as covalently closed circular RNAs (circRNAs).>
CircRNAs are stable, abundant, and conserved and could
regulate gene expression in eukaryotes.”* Moreover, numer-
ous studies have used miRNA sponging, which regulates
transcription of miRNA-target genes, to demonstrate that
specific circRNAs are involved in various diseases, includ-
ing kidney diseases.”> 2* However, circRNA dysregulation
in CGN after QTXZG treatment has not been studied.

In our study, we evaluated the circRNAs expression
profile of in adriamycin-induced CGN rats following
QTXZG treatment, and predicted potential functions of
these circRNAs. We believe that our findings will advance
understanding of the possible mechanism of QTXZG in
treatment for CGN and may identify novel circRNAs as
potential therapeutic targets.

Materials and methods

Chemicals

Adriamycin was purchased from Pfizer Pharmaceuticals
Ltd. (Wuxi, People'sRepublic of China), batch number:
N97872. QTXZG was obtained from the First Affiliated
Hospital of Anhui University of Chinese Medicine (Hefei,
People's Republic of China), batch number: 20171106.
Chloral hydrate was obtained from Shanghai chemical
reagent company (Shanghai, People's Republic of China).

Animal model®

All experiments were subject to approval by the
Ethics of  Anhui

University of Chinese Medicine, Hefei, China. Number of

Experiments  Animal Committee
animals and pain were reduced as much as possible. All
experiments were in accordance with the “Implementation
Rules for the Management of Medical Laboratory Animals”
issued by the Ministry of Health of the People’s Republic of

China and the “Regulations for the Administration of Affairs
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Concerning Experimental Animals” issued by the National
Science and Technology Commission. All surgeries were
performed under chloral hydrate anesthesia.

Thirty male Sprague-Dawley rats (250+20 g, 8 weeks
old, . grade) were obtained from Jiesijie experimental
animal co. Itd (Shanghai, People's Republic of China).
All animals were healthy and had never taken any medica-
tion. Animals were held in a controlled room with the
temperature set to 18-22°C and humidity set to 40-60%.
The animals were allowed food and water ad libitum.

The animals were allowed to acclimate for 1 week,
then were randomly assigned to three groups: control
group, model group, and QTXZG group, 10 rats in each
group. Each rat in the model and QTXZG groups was
injected with adriamycin through the tail vein twice:
4.0 mg/kg on the 1st day and 3.5 mg/kg on the 14th day.
On the 21st day, all rats were placed in metabolic cages to
collect urine for 24 hrs. 24 -hr urine protein content was
tested. A successful model was indicated by 24 -hr urinary
protein content >50 mg/kg.

After the CGN model was established successfully,
each rat in the QTXZG group was given QTXZG (10.8
g/kg) by gavage once per day for 30 days. Simultaneously,
solvent (10.8 g/kg) was administered to rats in the control
and model groups.

After the last administration of medication, nine rats
were randomly selected from the three groups, three rats
from each group. Rats were anesthetized using 3.5%
chloral hydrate solution (I mL/kg, IP). Kidneys were
quickly excised, the rats were sacrificed, and glomerular
samples were collected. Each specimen was packaged
individually and stored at —80°C for further analysis.

Histological observation

Glomerular samples were collected and fixed in 10% neu-
tral formalin. Histological alterations were observed by
H&E staining.

Identified DE circRNAs?’

RNA isolation and quality control

Following the manufacturer’s instructions, total RNA was
extracted using miRNeasy Mini Kit (Cat#217004,
Qiagen). A NanoDrop ND-2000 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA) was
used to quantify RNA concentration. RNA integrity was
assessed using an Agilent Bioanalyzer 2100 (Agilent tech-
nologies, Santa Clara, CA, USA). RNA was purified using
RNA Clean XP Kit (Cat#A63987, Beckman Coulter, Inc.

Kraemer Boulevard Brea, CA, USA) and RNase-Free
DNase Set (Cat#79254, Qiagen, GmbH, Germany).

cDNA library construction and quality control
Following the manufacturer’s instructions, ribosomal RNA
(rRNA) was depleted. Then, ethanol precipitation was
used to clean the rRNA-free material. Ribosomal-
depleted RNA was fragmented and reverse transcription
was performed using a random primer to produce first
strand c¢cDNA. Second strand cDNA was synthesized
using DNA polymerase [ and RNase H digestion,
dUPTs was mixed in to replace dTTPs in the reaction
buffer. Next, end-repair/dA-Tailing and adapter ligation
were performed. The ligated-product was purified to select
cDNA fragments sized 150-200 bp. PCR amplification of
cDNA libraries was carried out for 15 cycles. The ampli-
fied product was cleaned using VATHTS DNA Clean
Beads. After the post-amplification purification procedure,
cDNA libraries were stored at —20°C. Quality control of
the cDNA libraries and quantification of cDNA were per-
formed using an Agilent Bioanalyzer 2100. Origin biotech
Inc (Shanghai, People'sRepublic of China) performed
next-generation RNA sequencing.

Data analysis

RNA-sequenced raw reads in FASTQ format were filtered
with Seqtk software (http://github.com/Ih3/seqtk). Filtering
processes included: removing the reads containing adapter
sequences, wiping off low-quality reads and the rRNA reads
of rats. BWA-MEM alignment algorithm was used to align
the clean reads to the reference genome.*® CIRI software
was applied to predict circRNAs.*! We classified the pre-
dicted circRNAs via perl scripts. By calculating the expres-
sion of the back-splicing junction reads, we identified
expression of circRNAs. SPRBM was used to normalize
the reads. EdgeR was used to identify DE circRNAs.*
CircRNAs exhibiting P-values <0.05 with log2-fold change
>2 were identified as significant.

Bioinformatics analysis

Based on miRanda (http://www.microrna), we predicted
potential miRNA targets for significantly dysregulated
circRNAs via Origin biotech home-made miRNA target pre-
diction software.*> The putative mRNA targets of the
miRNAs mentioned above were predicted by mirWalk and
mircoT-CDS. Cytoscape (http://cytoscape.github.io/) was
used to delineate the circRNA-miRNA-mRNA ceRNA
network.>*
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Clusterprofiler software was used to analyze biological
functions of potential target mRNAs using gene ontology
(GO) analysis. GO analysis was evaluated for three
aspects: biological processes (BP), molecular functions
(MF), and cellular components. We also analyze the
related pathways via KEGG.

gRT-PCR validation

Four significantly dysregulated circRNAs were mea-
sured by quantitative real-time PCR. Following the man-
ufacturer’s instructions, total RNA was extracted using
miRNeasy Mini Kit (Cat#217004, Qiagen). The concen-
tration and purity of RNA were determined using
a NanoDrop ND-2000 spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA). Total RNA was
reverse-transcribed into ¢cDNA using RevertAid First
Strand cDNA Synthesis Kit (Thermo Fisher Scientific,
Waltham, MA, USA). Using specific primers (Table 1),
gRT-PCR reactions were performed using FastStart
Universal SYBR Green Master (Rox). Reactions pro-
ceeded using the following conditions: 95°C for 10
mins followed by 40 cycles of 95°C for 15 s, 60°C for

Table | Data process

60 s. Melting curves ranging from 60°C to 95°C were
included in each run.

Statistical analysis

SPSS 23.0 (IBM Corporation, Armonk, NY, USA), software
was used for data analysis. Quantitative data were expressed
as meanSD. Student's- test was used to determine the dif-
ference between two groups, and one-way ANOVA was used
to assess differences among multiple groups. Differences with
P<0.05 were considered statistically significant.

Results
Histopathology

As shown in Figure 1, the model group showed the fol-
lowing characteristics compared to the control group: the
renal interstitium were congestive, oedematous, and infil-
trated by inflammatory cells, the convoluted tubules were
curved and expanded, protein casts were evident in renal
tubular lumen, and glomerular basement membrane thick-
ness (GBMT) was increased. The QTXZG group showed
less inflammatory cells and protein casts, and thickness of
the GBMT was reduced compared to control.

Samples | Raw Clean Clean rRNA rRNA No rRNA Mapped Mapping ratio
ID reads reads ratio trimmed ratio pair reads (%)
Control-1 81,268,140 | 77,969,803 95.94% 77,831,844 0.18% 75,956,310 75,685,335 99.64
Control-2 76,908,614 | 73,639,495 95.75% 73,542,223 0.13% 71,618,418 70,954,789 99.07
Control-3 89,439,130 | 85,488,819 95.58% 85,397,535 0.11% 82,809,618 82,597,749 99.74
Model-| 73,507,996 | 68,959,127 93.81% 68,818,843 0.20% 65,683,196 65,197,092 99.26
Model-2 73,599,894 | 70,837,843 96.25% 70,648,310 0.27% 69,050,466 68,537,309 99.26
Model-3 72,480,624 | 69,769,335 96.26% 69,425,424 0.49% 67,703,444 67,663,323 99.94
QTXZG-1 79,270,590 | 76,412,082 96.39% 76,272,159 0.18% 74,794,546 74,760,919 99.96
QTXZG-2 89,580,760 | 86,210,744 96.24% 86,096,190 0.13% 83,985,080 83,936,219 99.94
QTXZG-3 66,928,610 | 63,425,128 94.77% 63,336,307 0.14% 60,821,570 60,323,265 99.18

Notes: Clean ratio=(clean reads/raw reads) %; rRNA ratio= [(clean reads — rRNA trimmed)/clean reads] %.

Figure | Histological alterations(magnification, X200). (A) control group; (B) model group; (C) QTXZG group. (a) Inflammatory cells; (b) protein casts; (c) thickened

GBMT.
Abbreviation: glomerular basement membrane thickness.
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Table 2 Part of the interactions between miRNAs and circRNAs

miRNA ID Max Query_seq(3°-5") Ref_seq(57-3")
energy
circRNA-213
miR-346 -21.2 ucuccgUCCGUGAGUCCGUCUGuU 2agctgAGGTGAT-GGCAGACa
circRNA-89
miR-342-3p -20.59 ugcccacGCUAAAGACACACUCuU ggagtct TGATT-TGTGTGAGg
circRNA-3217
miR-326-3p -21.36 ugaccUCCUUCCC—GGGUCUCc cggatAGCTAGGGTTACCCAGAGa
circRNA-4907
miR-149-5p —28.25 cccucACUUCUGUG-CCUCGGUCuU cagtcTGGGGACACATGAGCCAGa
miR-125b-5p —24.59 agUGUUCAAUCCCAGAGUCCCu, gtGTGAGGTGGAATCTCAGGGt,
aguguucaAUCCC—AGAGUCCCu, ttctgcacTAGGGTCATCTCAGGG e,
agugUUCAAUCCCAGAGUCCCu atggAAGTT-GTACTCAGGGa

Note: Max energy: the energy of the dimer formed by miRNA and circRNA where the smaller the max energy, the closer the combination between circRNAs and miRNAs.
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Figure 2 The subnetwork of circRNA-213. A total of 7 miRNA nodes, 392 mRNA nodes, and 629 edges were included. CircRNA-213 is represented by a blue arrow, and
miRNAs and mRNAs are represented by yellow squares and pink circles, respectively.
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Figure 3 The subnetwork of circRNA-689. A total of 71 miRNA nodes, 37,88 mRNA nodes, and 7,134 edges were included. CircRNA-689 is represented by a blue arrow,
and miRNAs and mRNAs are represented by yellow squares and pink circles, respectively.

Identifying the DE circRNAs
After NGS, filtration and quality control were conducted to
obtain clean reads. Clean reads were abundantly expressed.
Next, rRNA was trimmed, and more than 99% of the no
rRNA pair reads were mapped to the genome in the glomer-
ular tissues. The data process is displayed in Table 1.

After the integration of the data, 5,363 circRNAs were
identified from the nine samples (Supplementary material).

We set the following screening criteria: FC>2 and P-value
<0.05. There were 31 significantly DE circRNAs between
the model group and the control group, and 21 significantly
DE circRNAs between the model group and the QTXZG
group. DE circRNAs were further analyzed, and four
circRNAs (circRNA-213, 689, 3217 and 4907) altered due
to the establishment of the CGN model establishing were
reversed via the treatment of QTXZG.
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Figure 4 The subnetwork of circRNA-3217. A total of 44 miRNA nodes, 2973 mRNA nodes, and 4,909 edges were included. CircRNA-3217 is represented by a blue
arrow, and miRNAs and mRNAs are represented by yellow squares and pink circles, respectively.

Bioinformatics analysis
Prediction of circRNA—mMiRNA interactions

CircRNAs could participate in multiple diseases via
sponging miRNAs.>> We predicted the potential target
miRNAs of four circRNAs based on conserved seed-
matching sequence. The results showed that all of four
circRNAs contained at least seven respective miRNA
response elements. Interactions between miRNAs and
circRNAs are listed in Table 2.

Prediction of circRNA-miRNA-mRNA ceRNA
network for each circRNA

Putative target genes were predicted and circRNA-miRNA—
mRNA ceRNA networks were delineated. The CircRNA-
213—-miRNA-mRNA network (Figure 2) included 7 miRNA
nodes, 392 mRNA nodes, and 629 edges. Figure 3 shows the
ceRNA network of circRNA-689, which contained a total of
71 miRNA nodes, 3,788 mRNA nodes, and 7,134 edges. For
circRNA-3217, the subnetwork included 44 miRNA nodes,

Drug Design, Development and Therapy 2019:13
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Figure 5 The subnetwork of circRNA-4907. A total of 84 miRNA nodes, 3,985 mRNA nodes, and 7,946 edges were included. CircRNA-4907 is represented by a blue
arrow, and miRNAs and mRNAs are represented by yellow squares and pink circles, respectively.

2,973 mRNA nodes, and 4,909 edges (Figure 4). In the
circRNA-4907-miRNA-mRNA network (Figure 5), there
were 84 miRNA nodes, 3,985 mRNA nodes, and 7,946
edges. In each subnetwork, blue arrows represent circRNA,
yellow squares represent miRNAs, and pink circles represent
mRNAs.

Potential biological functions and pathways
To further explore the potential functions of circRNAs, GO,
and KEGG pathways were analyzed using all putative target

genes of miRNAs. 1,543 GO terms and 135 pathways were
enriched in the network of circRNA.213; 5,074 GO terms
and 218 pathways were enriched in the network of circRNA-
689; 4,526 GO terms and 214 pathways were enriched in the
network of circRNA-3217; 5,235 GO terms and 220 path-
ways were enriched in the network of circRNA-4907. The
top 30 enrichments are shown in Figures 6-9.

Most genes were enriched in the BP terms regulation
of cell differentiation, cell migration and monocyte che-
motaxis, negative regulation of VEGF receptor and protein
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Nephron tubule development ~ 3e-04 Nucleotide excision repair - 0.100
Negative regulation of smooth muscle cell migration - N-Glycan biosynthesis - I 0.075
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Catecholamine biosynthetic process - Axon guidance - .
Branch elongation of an epithelium - alpha-Linolenic acid metabolism -
Axis elongation - ¢ African trypanosomiasis -
7'80.02.55.0 2 3 4 5 6 7
enrich factor enrich factor
Figure 6 GO and KEGG analyses of potential target genes of circRNA-213. (A) Top 30 enrichment GOs. (B) Top 30 enrichment pathways.
Top 30 of GO enrichment Top 30 of pathway enrichment
A Wound healing involved in inflammatory response - B Wt signaling pathway - .
Voltage-gated sodium channel activity involved in cardiac muscle cell efc...- . Vasopressin-regulated water reabsorption - .
Vesicle targeting, to, from or within Golgi-® Valine, leucine and isoleucine biosynthesis -
Vascular endothelial growth factor receptor 2 binding - Pvalue Thiamine metabolism -
Uterus morphogenesis - 0.03 SNARE interactions in vesicular transport - .
Synaptic vesicle maturation- ® : Renal cell carcinoma- ®
Regulation of transcription involved in G1/S transition of mitotic cel etc...- ® 0.02 Proximal tubule bicarbonate reclamation = A
Regulation of Fc receptor mediated stimulatory signaling pathway -
Protein digestion and absorption = .
.Receptor ago.nlst activity- [l 0.01 Prostate cancer-® P value
Protein folding in endoplasmic reticulum = 0.20
Positive regulation of monocyte differentiation - Pancreatic cancer ‘&
Positive regulation of interleukin-12 biosynthetic process - * GO domain Os‘::j:;i;‘:':;:{::::::: : '. 015
Positive regulation of humoral immune response mediated by circulating etc... - * ' 0.10
Positive regulation of extracellular matrix disassembly = biological_process Neurotrophin signaling pathway - 0.05
Neurotrophin TRKA receptor binding - 4 cellular_component N-Glycan biosynthesis - . )
Neural fold formation - * = molecular_function mTOR signaling pathway -  *
Negative regulation of protein kinase activity by regulation of protei etc... - * MAPK signaling pathway - ® diff_gene_count
Negative of cell 1 . diff_gene_oount Leishmaniasis - « o
mRNA 5'-splice site recognition - . .4 Hypertrophic cardiomyopathy (HCM) - .
Glomerulus morphogenesis -® Hedgehog signaling pathway - 2 O
Epithelial fluid transport - * sl 5 Glycosphingolipid biosynthesis = . e 60
Er cushion to transition - i © Glycerophospholipid metabolism - ® e 80
Clathrin light chain binding - - e 7 ECM-receptor interaction - ®
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CCANT-inding factor complex1 e 9 Collecting duct acid secretion - .
ATPase activator activity -] % 10 Gitrate cycle (TCA cycie)- »
ATG1 kinase complex = A
Circadian rhythm - <
AMP-activated protein kinase activity - Ml
Activin-activated receptor activity - Axon guidance - T
Activation of MAPKKK activity = Arrhythmogenic right ventricular cardiomyopathy (ARVC)-
4'04'55'05'5 Adipocytokine signaling pathway -. .- I I
enrich factor 16 20 24 28
enrich factor

Figure 7 GO and KEGG analyses of potential target genes of circRNA-689. (A) Top 30 enrichment GOs. (B) TO enrichment pathways.

kinase activity, and activation of MAPKKK activity. MF  signaling pathway, mTOR signaling pathway, ECM-
terms included MAPKKKK activity, VEGF receptor 2  receptor interaction, Wnt signaling pathway, and MAPK
binding, and others. The top 30 enrichment pathways signaling pathway. These pathways are most likely
that resulted from KEGG pathway analysis were VEGF  involved in the progression of CGN.

Drug Design, Development and Therapy 2019:13 submit your manuscript 1909

Dove


http://www.dovepress.com
http://www.dovepress.com

Gao et al

Dove

A Top 30 of GO enrichment

Voltage-gated sodium channel activity involved in cardiac muscle cell etc...- .
Vascular endothelial growth factor receptor 2 binding - .
Type | pneumocyte differentiation- ¢
Thyroid hormone mediated signaling pathway -
Salivary gland cavitation -

S-ader process - P value
Regulation of ventricular cardiac muscle cell membrane depolarization - 0.020
Regulation of thyroid hormone mediated signaling pathway -
Positive regulation of ruffle assembly - 0.015
Positive of pi membrane 4 0.010
Positive regulation of pigment cell differentiation - .
Positive regulation of developmental pigmentation - * 0.005
Positive regulation of activin receptor signaling pathway
Platelet-derived growth factor receptor-beta signaling pathway - @ GO domain
Fhospr " activity 1 ) - biological_process
Opioid receptor activity - . 4 cellular_component
Negative regulation of vascular endothelial growth factor receptor sig etc... - . -

" = molecular_function
Negative regulation of neuron projection regeneration -+ !

Negative regulation of double-strand break repair - ®

Metanephric S-shaped body morphogenesis - diff_gene_count

MAP kinase kinase kinase kinase activity - | - N
Intracellular mRNA localization- ¢ e 5

Histone H2A K63-linked ubiquitination - o ¢
Guanyl-nucleotide exchange factor complex - 2 o8 7

Extracellular ATP-gated cation channel activity -

Er cushion to transition -
Cellular triglyceride homeostasis -
Cellular hypotonic response =
Cell migration involved in kidney development -
Activation of MAPKKK activity »

40455055

enrich factor

Top 30 of pathway enrichment

Vasopressin-regulated water reabsorption - .

Wnt signaling pathway- @
Vitamin B6 metabolism -

Tyrosine metabolism=- *
Thiamine metabolism -
Synthesis and degradation of ketone bodies -
Sulfur relay system - .
SNARE interactions in vesicular transport - .

RIG-I-like receptor signaling pathway - .
diff_gene_count

Proximal tubule bicarbonate reclamation - .
Prostate cancer - ® i 10
Prion diseases-  * e 2
Phosphatidylinositol signaling system- e e 30
Non-small cell lung cancer- o
Nicotinate and nicotinamide metabolism - .
P value
N-Glycan biosynthesis - L]
Mucin type O-Glycan biosynthesis- * 0.15
mRNA surveillance pathway - ®
Long-term depression- @ 0.10
Histidine metabolism-  « 0.05
Gl pl GPl)-anchor - .
Glioma - ®

Gastric acid secretion - ®
Gap junction-®
ECM-receptor interaction - ®
Dorso-ventral axis formation - <>
Cyanoamino acid metabolism -
Bladder cancer - .
Axon guidance - .
Aldosterone-regulated sodium reabsorption- ¢
20 25 30 35
enrich factor

Figure 8 GO and KEGG analyses of potential target genes of circRNA-3217. (A) Top 30 enrichment GOs. (B) Top 30 enrichment pathways.
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Figure 9 GO and KEGG analyses of potential target genes of circRNA-4907. (A) Top 30 enrichment GOs. (B) Top 30 enrichment pathways.

gRT-PCR validation

To verify the reliability of HTS data, four significantly DE
circRNAs were validated by qRT-PCR. The related pri-
mers are listed in Table 3. The results agreed well with
HTS data (Figure 10).

Discussion

Because TCM has multiple components, multiple targets,
and multiple pathways, it is difficult to determine mechan-
isms. Development of transcriptome-sequencing (RNA-
seq) has provided new methods for studying TCM. RNA-
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Table 3 Primers used for qRT-PCR
Target ID Primer sequences PL (bp)
circRNA-213 F:5'CAAAGCTGAGGTGATGGCAG3’ 185
R:5" TCAAGGATGGCAGTAACCCT3’
circRNA-689 F:5 TGGATCTGAAAAGTCTGCTGGA3’ 110
R:5'GGTCCCAATGTTTGTGCTCTC3’
circRNA-3217 F:5'GATCAACACGGAGGATGAGGAA3’ 92
R:5"AGCCATCCAAAACGGTGTC3’
circRNA-4907 F:5TGCTTCTGTTGTCCTTACCCA3’ 163
R:5'CTCCTCCTGCAAAGCCACT3’
GAPDH F:5 TCCTGCACCACCAACTGCTTAG3’ 102
R:5"AGTGGCAGTGATGGCATGGACT3"’

Note: We used GAPDH as an internal control.
Abbreviations: F, forward; R, reverse; PL, product length.

5.000
* %k
1 -
4.000 ** l
2 A A l
kel
@ 3.000 L
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<
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2 2,000 An
" O Treat
o)
04
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1.000 *k
0.000
circRNA213  circRNA689 circRNA3217 circRNA4907

Figure 10 Validation of relative expression levels of circRNAs. GAPDH was used as an internal control. circRNA-213 was downregulated in the model group, and circRNA-
689, circRNA-3217, and circRNA-4907 were upregulated. The qRT-PCR results are consistent with the HTS data.**P-value <0.01 between the model group and the control

group. ““P-value <0.01 between the model group and the QTXZG group.

seq technology is ideal for transcript analysis and has been
heavily used in TCM research.>*=>

Rats are ideal models for studying genetic correlates of
kidney diseases. A previous study showed that the pre-
sence of circRNA in rat renal tissue and circRNA renal
expression data from rat models could be applied for
studying renal disease.’® The adriamycin-induced CGN
rat model is the animal model most similar to human
CGN, and is widely used in the study of CGN.>*’

In this study, using next-generation RNA sequencing,
we observed dysregulation of four circRNAs caused by the
establishment of a CGN model. This dysregulation was
reversed by treatment with QTXZG. CircRNAs are
expressed in a tissue-specific manner and in pathological
conditions, which suggests that circRNAs may play vital

roles in human diseases.*® Indeed, recent studies have
demonstrated that circRNAs participated in many human
diseases by sponging miRNAs.>>2%*4 In our study,
many of the potential target miRNAs of the four reported
circRNAs were related to kidney disease. A previous study
indicated that miRNA-149-5p was related to cellular apop-
tosis proliferation and migration in renal cell carcinoma.*!
In addition, miR-346 could negatively regulate SMAD and
improve renal function and glomerular pathology in
a mouse model of diabetic nephropathy.**> A previous
study reported that miR-342-3p was significantly down-
regulated in cadmium-induced renal injury.*> MiR-125b-
5p played a vital role in kidney dysfunction and was
closely associated with serum creatinine levels in obstruc-
Another study showed that

. .. 44
tive renal injury.
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overexpression of miR-326-3p could alleviate renal fibro-
sis via the miR-326-3p/FcyRII/TGF-B/Smad signaling
pathway.*> The interactions between miRNAs mentioned
above and circRNAs are shown in Table 2.

Potential target mRNAs were used for GO function ana-
lysis and pathway analysis to annotate and estimate functions
of these circRNAs. Notably, several significantly enriched
pathways were reported to be closely linked to nephritis. The
VEGEF signaling pathway plays a vital role in the progression
of renal fibrosis, which is the final common pathway of
CGN.*® Inflammation and fibrosis can be improved by inhi-
biting the mTOR signaling pathway.*” KEGG analysis of
DEGs between hypoxic and normal HK-2 cells revealed
that upregulated genes were most enriched in ECM-
receptor interaction, and hypoxia is vital in the development
of CGN.* The Wnt signaling pathway is involved in CKD
and renal fibrosis in patients and experimental animal
models.*’ glomerular mesangial cells of rats, MAPK signal-
ing pathways are critical for the synthesis of IL-6 and TNF-a,
which are important in the inflammatory response.>

Conclusions

This study advanced our understanding of possible
mechanisms of QTXZG in the treatment of CGN related
to circRNAs, and identified novel circRNAs as potential
critical therapeutic targets of CGN. Further study is needed
to explore the exact functions of these four specific
circRNAs in CGN.
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