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Abstract: Background: Danggui Buxue Tang (DBT), a traditional Chinese medicine decoction, has been proven to
have satisfactory effects on treating diabetic nephropathy (DN). In this study, we explored the potential underlying
mechanism of DBT in DN treatment. Methods: The DBT-containning serum was prepared by intragastric adminis-
tration with DBT for rats. The levels of fibronectin (FN), laminin (LN) and collagen IV (COL IV) and TGF-B1 protein
secreted in cell culture medium were determined by ELISA assay. The mRNA and protein expression of related mol-
ecule was measured using qRT-PCR and western blotting. MTT assay was applied to test MCs proliferation. Results:
DBT has a negative effect on the high glucose (HG)-induced proliferation and extracellular matrix (ECM) accumula-
tion of mesangial cells (MCs). Further research showed that DBT reduced the acetylation level of histone H3 at the
site of PVT1 promoter to promote PVT1 downregulation, which was accompanied by a decrease in TGF- and c-myc
expression. Moreover, PVT1 overexpression significantly enhanced cell viability and promoted the expression levels
of TGF-B1 and c-myc. Furthermore, PVT1 overexpression significantly reversed the inhibition of DBT on HG-induced
cell viability and ECM accumulation and also lifted the effect of DBT on TGF-B1 and c-myc expression. Conclusion:
DBT inhibited TGF-B1 and c-myc expression through downregulating PVT1, and thus attenuated MCs excessive pro-
liferation and ECM accumulation in DN.
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Introduction

Diabetic nephropathy (DN) is a clinical common
disease in microvascular complications, and
remains one of the leading causes of death [1].
With the rapid increase in the prevalence of dia-
betes in the world, DN accounts for 15% of end
stage renal diseases (ESRD) [2]. At present, the
key of the clinical treatment is to control blood
sugar and proteinuria in the earlier period that
prevents continuous deteriorative condition.
The therapy of traditional Chinese medicine is
more easily accepted by the patients, because
it takes great effect on effectively reducing
blood sugar and proteinuria, improving renal
function, with fewer side effects. Pharmacolo-
gical research on treatment of DN with single
herbs, traditional Chinese medicine monomer
and decoction has been studied and researched

widely in several decades, and made some
achievements.

The development of glomerulosclerosis in dia-
betic is mainly achieved by a network of multi-
ple cytokines. Transforming growth factor-3
(TGF-B) expression exists in normal kidney tis-
sue. Local TGF-B overproduction appears to
participate in the pathogenesis of DN, as a cen-
ter factor in the complex cytokine network [3].
TGF-B induced renal tubular epithelial cell hy-
pertrophy and extracellular matrix (ECM) accu-
mulation, so it was considered to be a key cyto-
kine for glomerulosclerosis [4]. Eexisting rese-
arch has confirmed that TGF-3 induced by the
excessive proliferation of mesangial cells, pro-
moted ECM protein synthesis, which resulted in
the deposition of collagen, fibronectin and lam-
inin in glomerular [5]. TGF-B also promoted the
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synthesis of plasminogen activator inhibitor
(PAl) and tissue inhibitor metalloproteinase-1
(TIMP-1) [6] and inhibited the generation and
activation of matrix metalloprotein 9 (MMP-9),
and led eventually to ECM excessive deposition
[7].

As a protooncogene, c-myc is widely distributed
in human normal cells with low-level expres-
sion. The renal local overexpression of c-myc
promotes cell proliferation in interacting, and
further leads to renal hypertrophy and renal
fibrosis. C-myc has been shown to be highly
expressed in rat kidney with diabetes and was
related with the proliferation and ECM hypertro-
phy of the cells in the kidney [8]. Mosel HL et al.
found that TGF-B could directly regulate the
expression of c-myc in vitro [9]. Long noncoding
RNAs (IncRNAs), length larger than 200 nt, are
non-coding RNAs to regulate target gene ex-
pression. A number of IncRNAs proved to be
involved in the pathogenesis of DN such as
PVT1 [10]. The expression of IncRNA PVT1
increased greatly under high glucose condi-
tions, about 5 times of control, which may pro-
mote the genesis and development of DN via
several mechanisms [11]. Studies have shown
that the expression of ECM associated proteins
in glomerular was decreased by knockdown of
PVT1 [10]. In addition, recent studies identified
PVT1 as a key regulator of MYC protein [12].

Danggui Buxue Tang (DBT), a traditional Chi-
nese medicine decoction, is consists of huang-
gi and dang-gui in a traditional ratio of 5:1. DBT
is traditionally used for tonifying blood and
improving haematopoietic function in Chinese
medicine [13]. But it was also found that DBT
inhibited the proliferation of glomerular mesan-
gial cells and attenuated ECM accumulation
which were induced by high glucose [14], indi-
cating its therapeutic effect to DN. However, its
specific mechanisms of DBT therapy on DN still
need to be further explored.

The aim of the present study was to demon-
strate that DBT inhibited the expression of TGF-
B1 and c-myc through downregulating IncRNA
PVT1, thereby alleviating DN.

Material and methods

Preparation of decoction

Danggui and Huanggi were purchased from The
affiliated hospital of Changchun university of
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Chinese medicine, and identified by Professor
Xiuge Wang. The preparation of DBT was con-
ducted as the reported method [15]. In brief,
The crude material (Danggui:Huanggi, 1:5) was
immersed in water for 1 h and then was extract-
ed thrice with reflux (2 h per time). The extract
was got by the filtration, enrichment, and was
placed at 4°C overnight. After centrifuged in
3000 r, the impurities were removed from the
crude extract. DBT was extracted from the
supernatant with macroporous silica gel D101.
Alcohol (40%) was used to discarded the resid-
ual impurities, and DBT was dissolved in 80%
alcohol. After freeze-drying, the yield of DBT
was approximately 28.0% (w/w). It has been
demonstrated that the main active constitu-
ents of DBT were ferulic acid, astragaloside IV
and polysaccharides [16], and the contents of
them were detected in our study, 32 Ug/g,
265.01g/g, 56.7 mg/g, respectively.

Preparation of serum containing DBT

All animal experiments were performed in
accordance with the Guidelines of the Care and
Use of Laboratory Animals of The affiliated hos-
pital of Changchun university of Chinese medi-
cine. The experiments were approved by the
Ethics Committees at The affiliated hospital
of Changchun university of Chinese medicine.
Thirty male Sprague Dawley rats (weighing
180-200 g) were purchased from the animal
center of The affiliated hospital of Changchun
university of Chinese medicine and were feed
routinely. The rats were randomly divided into
control (n=10) and DBT group (n=20). The DBT
group was administered DBT (3.6 g/kg.d) for 7
days, and the control was given distilled water
of the same dose. All rats were anesthetized
with ketamine/xylazine (50/6 mg/kg, i.p) after
2 h since last intragastric administration, and
then blood samples were obtained from abdo-
minal aorta. Serum specimens centrifuged
from blood samples, and then devitalized by
water bath at 56°C for 30 min, filter steriliza-
tion with 0.22 um filter, stored at -80°C.

Cell culture and treatment

HBZY-1, rat glomerular mesangial cell line, was
provided by the Cell Center of Wuhan University.
Cells were cultured in DMEM (Hyclone) supple-
mented with 10% fetal bovine serum (FBS,
Gibco), 100 pg/ml streptomycin and 100 U/ml
penicillin (HyClone) with 5% CO, at 37°C. The
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Figure 1. DBT inhibited the HG-induced proliferation and ECM accumulation in
MCs. MCs were cultured with 5.6 mM glucose (NG) or 30 mM glucose (HG) or
30 mM glucose with three concentrations of rats serum containing DBT (5%,
10%, 20%), respectively. A: MCs proliferation was determined with MTT assay
at 0, 24, 48, 72 hours after culture. DBT obviously suppressed the HG-induced
proliferation of MCs. **P < 0.01 vs. NG, ®P < 0.01 vs. HG. B: The inhibition
rate of proliferation was also calculated. *P < 0.05, **P < 0.01 comparison
between two groups. C: LN, FN and Col IV levels in the culture medium of MCs
were assessed by ELISA after culture for 72 hours. HG dramatically increased
LN, FN and Col IV secretion of MCs, but DBT could inhibit this increase in a dose-
dependent manner. *P < 0.05, **P < 0.01 comparison between two groups.

cells with good growth condition were divided
into 5 groups. Cells in experimental group were
incubated with high glucose (30 mM) and dif-
ferent concentrations of DBT-containning se-
rum (0, 5%, 15%, 20%) for 0, 24, 48, 72 h. In
control group, cells were cultured in conven-
tional medium supplemented with 20% FBS.
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Total RNA of cells was ext-
racted using TRIzol (Invitro-
gen) according to the man-
ufacturer’s instructions. The
concentration of RNA was
determined by NanoDrop
2000 (Thermo Fisher Scie-
ntific) at 260 nm. Total RNA
was used for reverse trans-
cription reaction by a cDNA
reverse transcription kit
(Thermo Fisher Scientific).
Quantitative RT-PCR was
performed using PrimeScript RT Master Mix
(Takara) on an ABI7700 Real Time PCR system
(Applied Biosystems). All reactions were con-
ducted in triplicate and normalized to GAPDH
expression. Data were calculated using 244°T,
The primers used in this study were designed
and provided by Invitrogen.
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Figure 2. Effects of DBT on the HG-induced PVT1, TGF-B1, c-myc expression in MCs. MCs were cultured with 5.6 mM
glucose (NG) or 30 mM glucose (HG) or 30 mM glucose with three concentrations of rats serum containing DBT (5%,
10%, 15%), respectively. A, B: The mRNA levels of PVT1 and TGF-B1 as determined by qRT-PCR were dramatically
increased by HG, but DBT inhibited PVT1 and TGF-B1 expression. C: The content of TGF-B1 in the culture medium
of MCs was detected by ELISA. D: The relative protein expression of c-myc was calculated using GAPDH as internal
control. E: Western blot was carried out to analyze the expression of TGF-f1 and c-myc at protein level.

Western blot analysis

After treatment, cells were incubated with RIPA
buffer (Thermo Fisher Scientific) to obtain total
protein. The concentrations of samples were
determined by the BCA Protein kit (Jiancheng
biotech) according to the manufacturer’s ins-
tructions. Total protein (25 pg per sample) was
separated by SDS-PAGE, and target proteins
were transferred to PVDF membranes with gel
transfer device (Bio-Rad). PVDF membranes
were immersed in 5% nonfat dry milk for 1 h
and incubated with primary antibodies, anti-
TGF-B1 antibody (1:1000, Abcam), anti-c-myc
antibody (1:20000, Abcam), anti-AcH3 antibody
(1:2000, Santa cruz), anti-GAPDH antibody (1:
2500, Abcam), anti-B-Actin antibody (1:1000,
Abcam) overnight at 4°C. After washing, PVDF
membranes were incubated with HRP-conju-
gated secondary antibodies for 1 h. Target pro-
teins were observed by enhanced chemilumi-
nescent (ECL) kit (Thermo Fisher Scientific) and
recorded by X-ray film.

Detection of the acetylation level of histone H3

The ChIP analysis was conducted with the
Acetyl-Histone H3 Immunoprecipitation Assay

3735

Kit (Millipore) according to the manufacturer’s
instructions. Immunoprecipitated protein was
used for western blotting, and the product from
Input was used as the internal control. The
result was expressed as percent of the internal
control. Independent experiments were carried
out for four times.

Statistical analysis

All data were obtained from 3 independent
experiments and expressed as mean % stan-
dard deviation (SD). The statistical analyses
and graphing were performed using SPSS17.0
software system. The resulting data using
Student’s t-test to test for differences. P < 0.05
was considered to be statistically significant.

Results

DBT inhibited the high glucose induced-MCs
proliferation and ECM accumulation

MCs were cultured with 5.6 mM glucose (NG) or
30 mM glucose (HG) or 30 mM glucose with
three concentrations of rats serum containing
DBT (5%, 10%, 20%), respectively. MCs prolif-
eration was determined with MTT assay at O,
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Figure 3. Effects of DBT on the acetylation level of histone H3 at the site of PVT1 promoter in MCs. Cells were treated
with TSA at the indicated concentrations (0, 50, 100, 200 mM). A: TSA significantly increased the expression PVT1
mRNA in MCs. B: The expression of acetyl-histone H3 protein was increased with increasing TSA concentration in
MCs. C: The level of histone acetylation at the site of PVT1 promoter was elevated by TSA. D: Cells were cultured with
30 mM glucose (HG) or 30 mM glucose with three concentrations of rats serum containing DBT (5%, 10%, 20%),
respectively. The level of histone acetylation at the site of PVT1 promoter was suppressed by DBT.

24, 48, 72 hours after culture, and the inhibi-
tion rate of proliferation was calculated. As
compared with NG, MCs were observed to rap-
idly proliferate under HG condition; however,
DBT significantly reduced the HG-induced pro-
liferation, and the inhibitory rate of DBT on MCs
proliferation increased as DBT concentration
increasing (Figure 1A, 1B). It was also found
that HG treatment dramatically promoted LN,
FN and Col IV secretion of MCs, but DBT could
inhibit ECM accumulation induced by HG in a
dose-dependent manner (Figure 1C).

DBT inhibited HG-induced PVT1, TGF-1, c-myc
expression in MCs

To gain further insight into the mechanism of
the DBT-induced inhibition on MCs proliferation
and ECM accumulation, we investigated the
effects of DBT on ECM accumulation and prolif-
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eration associated molecules. The results sho-
wed that PVT1 (Figure 2A) and TGF-B1 (Figure
2B) mRNA expression, the secreting level of
TGF-B1 (Figure 2C), relative protein expression
of c-myc (Figure 2D) and TGF-B1, c-myc protein
expression (Figure 2E) were increased dramati-
cally in MCs stimulated by HG. However, DBT
inhibited the increased expression of ECM
accumulation and proliferation associated mol-
ecules (Figure 2B-E) in MCs treated with HG in
a concentration-dependent fashion as well as
PVT1 expression (Figure 2A).

DBT inhibited the acetylation level of histone
H3 at the promoter of PVT1

We aimed to explore the regulation mechanism
of DBT on PVT1. First, it was observed that with
increasing TSA concentration, PVT1 expression
significantly increased (Figure 3A) as well as

Am J Transl Res 2017;9(8):3732-3740
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the expression of acetyl-histone H3 protein in
MCs (Figure 3B). Meanwhile, the acetylation
level of PVT1 promoter also was enhanced by
TSA (Figure 3C), suggesting that PVT1 expres-
sion was positively regulated by the acetylation
level of histone H3. However, the acetylation
level of PVT1 promoter was significantly
reduced by DBT (Figure 3D).

PVT1 regulated TGF-B1 and c-myc expression

To investigate the role of PVT1 in MCs prolifera-
tion and ECM accumulation, PVT1 expression
was modified by si-PVT1 or pcDNA-PVT1. PVT1
knockdown decreased MCs viability significant-
ly (Figure 4A) and suppressed TGF-B1 mRNA
and protein expression (Figure 4B, 4D) and
c-myc protein expression (Figure 4C, 4D); con-
trarily, the over-expressed PVT1 enhanced the
cell viability (Figure 4A) and promoted TGF-B1
and c-myc expression (Figure 4B-D).

DBT inhibited MCs proliferation and ECM ac-
cumulation through regulating PVT1

We have discovered the effects of DBT on MCs,
and confirmed that PVT1 was involved in MCs
proliferation and ECM accumulation. We also
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Figure 4. PVT1 positively regulated TGF-f1 and c-myc expres-
sion. MCs were transfected with si-PVT1 or pcDNA-PVT1 or their
negative controls. A: PVT1 could increase cell viability of MCs.
B-D: Moreover, PVT1 overexpression significantly promoted the
expression of TGF-B1 and c-myc both at mRNA and protein level
in MCs. ctrl, control. *P < 0.05, **P < 0.01 vs. ctrl.

analyzed the role of PVT1 in the mechanism of
DBT by using pcDNA-PVT1. MCs were transfect-
ed with pcDNA-PVT1 or pcDNA and cultured in
HG or HG with 20% rat serum containing DBT.
We found that DBT could effectively inhibit MCs
viability (Figure 5A) and ECM accumulation, as
shown by the decrease in expression levels of
LN, FN, Col IV (Figure 5B), TGF-B1 secretion
(Figure 5E), PVT1 (Figure 5C), TGF-B1 (Figure
5D, 5G) and c-myc (Figure 5F, 5G) expression.
Whereas, PVT1 overexpression significantly
reversed the effects of DBT on MCs viability
and ECM accumulation under HG condition
(Figure 5A-G).

Discussion

Based on the mechanism analyses, it was
found that Danggui Buxue Tang (DBT) could
ameliorate diabetic renal failure, slowing the
progression of diabetic nephropathy (DN) [17],
indicating that it can be used as an adjuvant
therapy for the control of diabetes and symp-
toms. Our study discovered that DBT has a neg-
ative effect on the HG-induced proliferation
and extracellular matrix (ECM) accumulation of
mesangial cells (MCs). Further research showed
that DBT reduced the acetylation level of his-

Am J Transl Res 2017;9(8):3732-3740
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Figure 5. Effects of PVT1 overexpression on high glucose-induced MCs proliferation and ECM accumulation. MCs
were transfected with pcDNA-PVT1 or pcDNA and cultured in 30 mM glucose (HG) or 30 mM glucose with 20% rat
serum containing DBT. (A) The cell viability was assessed using MTT assay. (B) The secretion levels of LN, FN, and
Col IV were determined using the commercial ELISA Kits. (C) gRT-PCR analysis of PVT1 and (D) TGF-B1 expression in
MCs. (E) The content of TGF-B1 in the culture medium of MCs was detected by ELISA assay. (F) The relative protein
expression of c-myc and (G) TGF-B1, c-myc protein expression were examined using western blot analysis. *P <
0.05, **P < 0.01 vs. HG; *P < 0.05, **P < 0.01 vs. HG+20%.

tone H3 of PVT1 promoter to result in PVT1 The major pathological changes of DN are glo-
downregulation, which was accompanied by merular basement membrane, ECM hyperplasy
the decrease of TGF-B and c-myc expression. and nodular or diffuse glomerulosclerosis. The
Finally, the result demonstrated that DBT inhib- ECM imbalance of anabolic and catabolic
ited TGF-B1 and c-myc expression through changes and the subsequent excessive deposi-
downregulating PVT1, and thus attenuated tion is the direct cause of glomerulosclerosis
MCs excessive proliferation and ECM accumu- [18]. ECM accumulation is the primary patho-
lation in DN. logical basis of glomerular fibrosis, and is also
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the key step leading to the end stage renal dis-
eases (ESRD). However, the excessive prolifera-
tion of MCs is thought to be one of the main
feature of DN, and is also ECM accumulation
basis. In our study, high glucose (HG) signifi-
cantly promoted MCs proliferation and induced
the predominant components of ECM, includ-
ing fibronectin (FN), laminin (LN) and collagen
IV (COL IV); while DBT attenuated the HG-indu-
ced cell proliferation and ECM accumulation in
a dose-dependent manner, which is consistent
with previous study [14]. Moreover, DBT also
downregulated the increase of PVT1, TGF-B1
and c-myc expression induced by HG in MCs.
Both the renal local overexpression of c-myc
and TGF-B1 can promote cell proliferation,
resulting in ECM accumulation. Additionally,
recent studies indicated that the decrease in
degradation ability of ECM could be more
important during the development of DN, and
gradually become a new hot spot. The matrix
metalloproteinases (MMPs), a major degrada-
tive enzyme system for the regulation of ECM
degradation in renal cells, could specifically de-
grade almost all of the ECM component except
polysaccharides [19]. TGF-B1 can promote the
synthesis of plasminogen activator inhibitor
(PAI) and inhibited the generation and activa-
tion of matrix metalloprotein 9 (MMP-9), and
led eventually to ECM excessive deposition [7].
Therefore, we hypothesized that DBT suppre-
ssed the expression of TGF-1 and c-myc via
regulating PVT1, and it is our next research
focus.

Firstly, we confirmed that DBT reduced the
acetylation level of histone H3 of PVT1 promot-
er to result in PVT1 downregulation in MCs.
Studies have shown that a variety of histone
modifications, including acetylation, phosphor-
ylation and methylation, could induce or inhibit
gene expression [20]. The epigenetic regulation
was confirmed to be involved in the pathogen-
esis of many diseases [21]. Our results also
suggested that DBT regulated PVT1 by the
acetylation level of histone H3 of PVT1 promot-
er. To evaluate the effect of PVT1 on MCs, the
expression level of PVT1 was modified by si-
PVT1 or pcDNA-PVT1. The results indicated
that PVT1 overexpression significantly enhan-
ced cell viability. Furthermore, the expression
levels of TGF-B1 and c-myc were increased with
the increase of PVT1. Hence, PVT1 served as a
regulatory factor for TGF-B1 and c-myc in DN,
but the concrete regulation mechanism needs
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to be studied further. In the final section, we
further investigated the role of PVT1 in DBT
improving DN and revealed that PVT1 overex-
pression significantly reversed the inhibition
of DBT on the HG-induced MCs viability and
ECM accumulation. Meanwhile, PVT1 overex-
pression also lifted the effect of DBT on TGF-f1
and c-myc expression.

In summary, our results confirmed that DBT
inhibited TGF-B1 and c-myc expression through
downregulating PVT1, and thus attenuated
MCs proliferation and ECM accumulation. This
study provides the theoretical basis for DBT
used to treat DN in clinic, which has certain
practical instructive significance.
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