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Background: Acute-on-chronic liver failure (ACLF) is a severe, complicated human disease.
E2F1-mediated apoptosis plays an important role in ACLF development. Jieduan-Niwan (JDNW)
formula, a traditional Chinese medicine (TCM), has shown remarkable clinical efficacy in ACLF
treatment. However, the hepatoprotective mechanisms of the formula are barely understood.
Purpose: This study aimed to investigate the mechanisms of JDNW formula in ACLF
treatment by specifically regulating E2F1-mediated apoptotic signaling pathways in rats.
Methods: The JDNW components were determined by high-performance liquid chromato-
graphy (HPLC) analysis. The ACLF rat model was established using human serum albumin
immune-induced liver cirrhosis, followed by D-galactosamine and lipopolysaccharide joint
acute attacks. The ACLF rat was treated with JDNW formula. Prothrombin time activity was
measured to investigate the coagulation function. Liver pathological injury was observed by
hematoxylin-eosin (HE) and reticular fiber staining. The hepatocyte apoptosis index and
apoptosis rate were determined by terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay and flow cytometry, respectively. Additionally, the expression of
key genes and proteins that regulate E2F1-mediated apoptosis was analyzed by quantitative
real-time PCR and Western blot.

Results: Seven major components of JDNW formula were detected. The formula amelio-
rated the coagulation function, decreased the hepatocyte apoptosis index and apoptosis rate,
and alleviated liver pathological damage in ACLF rats. The down-regulation of the expres-
sion of genes and proteins from p53-dependent and non-p53-dependent apoptosis pathways
and the up-regulation of the expression of genes from blocking anti-apoptotic signaling
pathways indicated that JDNW formula inhibited excessive hepatocyte apoptosis in ACLF
rats via E2F1-mediated apoptosis signaling pathways.

Conclusion: The findings indicate that JDNW formula protects livers of ACLF rats by
inhibiting E2F1-mediated apoptotic signaling pathways, implying that these pathways might
be a potential therapeutic target for ACLF treatment.

Keywords: traditional Chinese medicine, apoptosis, Jieduan-Niwan formula, acute-on-
chronic liver failure rat model, E2F1, pharmacological effect

Introduction

Acute-on-Chronic Liver Failure (ACLF) refers to liver failure manifestations such
as acute jaundice and coagulation dysfunction caused by various inducements on
the basis of chronic liver disease, which can be combined with multiple
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complications such as hepatic encephalopathy, ascites,
infection, etc.' It has such characteristics as rapid disease
progression and high short-term mortality.”*

The complex pathogenesis of ACLF is related to oxi-
dative stress, inflammatory response, mitochondrial dys-
function, cell necrosis, and especially excessive apoptosis
in liver cells.”” Apoptosis, generally considered a type of
programmed cell death, plays a prominent role in main-
taining cell homeostasis. However, excessive apoptosis
results in ACLF when harmful stimuli are subjected to
liver cells.® The cell cycle-related transcription factor,
E2F1, participates in the inducement of apoptosis, and
the enhanced expression of E2F1 initiates a series of
apoptotic processes.

The apoptosis signaling pathway is originated exten-
sively by ligands binding to their death receptors in cells.
For instance, the tumor necrosis factor-a (TNF-a) com-
bines with its receptor, the tumor necrosis factor receptor 1
(TNFR1), leading to the upregulation of the expression of
E2F1 to induce apoptosis in cells.”'” Three main E2F1-
mediated apoptosis pathways have been intensively stu-
died: 1) the p53-dependent apoptosis pathway, 2) the non-
p53-dependent apoptotic pathways, and 3) the blocking
anti-apoptotic signal pathways.'!

In the p53-dependent apoptosis pathway, E2F1 acti-
vates the expression of the transcripts of p/4*%*, the inhi-
bitor of the MDM2 ubiquitin ligase that hydrolyzes p53, to
stabilize and accumulate p53.'%'?"'* It has been reported
that apoptotic peptidase activating factor 1 (APAF1) is
a direct transcriptional target of p53, suggesting that the
p53-dependent apoptosis pathway might relay on the up-
regulation of the expression of APAF1 to sensitize cells to
apoptosis.'”>!” Under the assistance of deoxyadenosine
triphosphate (dATP) or ATP, APAF1 activates the initiator
caspase Caspase-9, from the cysteinyl aspartate-specific
proteinase family, by binding it at the N-terminal of
APAF1 after interacting with cytochrome ¢, which is
released from mitochondria in response to several apopto-
tic stimuli in the cytosol.'®'7"'® The cleaved Caspase-9-/
3/-6/-7 are the active forms of Caspase-9/-3/-6/-7. The
activated Caspase-9 (cleaved Caspase-9) subsequently
initiates the downstream caspase-cascade system by acti-
vating the executioner Caspase-3. The activated Caspase-3
(cleaved Caspase-3) sequentially activates the other two
executioners Caspase-6 and Caspase-7 to form cleaved
Caspase-6 and cleaved Caspase-7 to finally induce apop-
tosis; cleaved Caspase-3 also activates Caspase-9 as
feedback.'®'"'"2!  These rise  to

processes  give

a caspase-activation pathway, namely the mitochondrion-
mediated pathway or the Caspase-9-dependent pathway. In
addition, p53-induced miR34a expression may sensitize
cells to apoptotic stimuli by decreasing B-cell lymphoma
2 (Bcl-2) levels.?

The p53-dependent apoptotic pathway is thought to be
a vital approach of the E2F1-mediated apoptosis pathways,
but not the unique pathway. It has been reported that E2F1
enhances the expression of the transcripts of p73, which is
the homologue of p53, increases the expression of APAF1,
activates Caspase-9, and initiates the downstream caspase-
cascade system to induce apoptosis in the absence of p53
and the mitochondria damage.'%'>'"-** Besides, E2F1 also
directly induces the expression of APAF1 to directly acti-
vate Caspase-9 without the accumulation of cytochrome
¢,'” and this process is concomitant with the initiation of
a caspase-cascade for apoptosis. Both E2FI-mediated
apoptosis pathways are called non-p53-dependent apopto-
tic pathways.

The TNF receptor-associated factor 2 (TRAF2) acti-
vates the NF-kB, which is the inhibitor of apoptosis, to
release the anti-apoptotic factors in order to block the
apoptosis initiated by the combination of TNF-o and
TNFRI1. But, the enhanced expression of E2F1 downregu-
lates TRAF2 and inhibits the activation of NF-kB to block
the anti-apoptotic signal pathway.'®** Besides, the anti-
apoptotic proteins Bcl-2 and Mcl-1, a group of important
mediators that control apoptosis, maintain the integrity of
the mitochondrial membrane and prevent the release of
cytochrome c, thereby indirectly regulating the activity of
the caspase-cascade system in apoptosis.'®'**>7 It has
been reported that E2F1 potently represses the expression
of Mcl-1 and Bcl-2 to provoke apoptosis.>>** Both E2F1-
mediated apoptosis pathways belong to the blocking anti-
apoptotic signal pathways.

The pathogenesis of ACLF is complicated, and multi-
ple organ failures are prone to occur. At present, there is
still a lack of specific treatment measures. Early identifica-
tion and treatment of predisposing factors are crucial.
However, in up to 40% of patients the precipitating factor
cannot be identified,”® making it difficult to prevent the
disease from progressing. Extracorporeal liver support
systems have shown potential for application in ACLF
treatment, although no improvement in survival rate
using molecular adsorbent recirculating systems was
observed in subsequent studies.”® Liver transplantation is
considered as the only effective treatment so far,” how-
ever, it cannot be widely adopted due to the lack of supply
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sources, the high cost of the transplant, and the possible
postoperative rejection. In China, traditional Chinese med-
icine (TCM) has been recruited as an important alternative
and complementary treatment to ACLF for a long term
because of its multiple targets and few side effects. Qian
Ying, the Chinese well-known TCM doctor invents the
Jieduan-Niwan (JDNW) method and formula, which are
based on the long-term clinical experience and the patho-
genesis theory of “toxin injuring hepatic body”, especially
the pathogenesis characteristics as the interaction between
“toxin stasis” and “a deficiency of vital energy”. Qian
advocates that the treatment of ACLF should not only
focus on detoxification and the promotion of blood circu-
lation to remove blood stasis, and to reduce the develop-
ment of the disease, but should also emphasize the
tonification of the liver, spleen, and kidneys, in order to
make the qi sufficient for powerful exorcism. At present,
the JDNW method has been included in guidelines for
clinical diagnosis and treatment of ACLF in TCM.*° The
JDNW formula has been used in clinical practices for
decades and exhibits remarkable efficacy in the ameliora-
tion of ACLF.*'3® The research group observed the effi-
cacy of JDNW formula combined with western medicine
in the treatment of 111 ACLF patients in the early stage.
The results showed that it was significantly superior to the
western medicine control group in terms of reducing mor-
tality, and improving symptoms and liver function.*

Our previous studies demonstrated that the JDNW for-
mula could increase the 24-h survival rate of ACLF rats,
protect liver function,® reduce the levels of inflammatory
factors such as IL-6 and TNF-a in serum and liver tissues,
alleviate the damage to the liver nucleus, rough endoplas-
mic reticulum and mitochondria, protect the ultrastructure
of liver cells,** preventively inhibit hepatocyte apoptosis,®
and induce hepatocyte proliferation in ACLF rats.*>¢
These results indicate the potential effectiveness of the
JDNW formula in the prevention and treatment of ACLF.

Previous studies on ACLF had focused on inflamma-

3536 as well

tory response>* and hepatocyte proliferation,
as the prevention mechanism of ACLF regulation by the
JDNW formula.®333¢ However, the treatment mechanism
of the JDNW formula for hepatocyte apoptosis via E2F1-
mediated apoptosis signaling pathways in ACLF is not
fully understood. Therefore, this study was undertaken in
an attempt to bridge this knowledge gap. An ACLF rat
model was established, and confirmed by several histo-
pathological experiments and coagulation function tests;

the key elements involved in E2FI1-mediated apoptotic

signaling pathways were detected from gene and protein
levels in order to reveal the underlying molecular mechan-
isms of the JDNW formula on ACLF rats.

Materials and Methods

Drug Preparation

The JDNW formula is composed of ten Chinese herbal
medicines including Phyllanthus amarus Schumach. and
(Fisch.) Bunge,
Trichosanthes kirilowii Maxim, Lysimachia christinae

Thonn, Astragalus membranaceus
Hance, Viscum coloratum (Kom.) Nakai, Salvia miltior-
Rehmannia  glutinosa (Gaertn.) DC,
Debx.,

(Burkill) F. H. Chen, and Curcuma phaeocaulis Valeton

rhiza Bunge,
Aconitum  carmichaeli Panax  notoginseng
(Table 1). All the herbal medicines were purchased from
Beijing TongRenTang (Group) Co. Ltd., Beijing, China.
The proportion of the medicinal materials was
30:30:30:30:30:20:20:15:6:6. The medicinal materials
were soaked in distilled water for 4-5 h. Aconitum carmi-
chaeli Debx. was boiled first for 30 min, and then other
medicinal materials were added and all were boiled
together for another 45 min, after which the medicinal
juice was poured out. The mixture of herbs was boiled
for the second time for 30 min to collect the medicinal
soup. In the end, the two times of water decoctions were
mixed well to obtain the JDNW formula. According to the
preliminary experimental results, the optimal dose of the
JDNW formula for each rat was 21.7 g/kg/d;>” here the
water decoction was concentrated at 4.34 g/mL in
a sterilized glass bottle and refrigerated at 4 °C. It was

used for the subsequent treatment of rats by gavage.

Quantitative High-Performance Liquid

Chromatography (HPLC) Analysis

To prepare the samples for HPLC, 95% ethanol was
added into the filtered and concentrated JDNW solution
(4.34 g/mL); the concentration of ethanol was adjusted
to 75% and the mixture left to stand overnight. The
next day, the supernatant was taken, decompressed and
dried at 60 °C, and ground into powder. Dry powder of
JDNW of mass 0.5163 g was taken into a 10 mL volu-
metric flask containing 5 mL of 70% ethanol and soni-
cated; then 70% ecthanol was added to the sonicated
mixture to 10 mL and filtered using a 0.45-pm micro-
porous membrane filter to harvest the JDNW testing
solution. The standard substances catalpol (>98%,
B21678, Shanghai yuanye Bio-Technology Co., Ltd.,
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Table | Constituents of the JDNW Formula

Chinese Name Botanical Name Common Name Genus Family Weight Part
(€3] Used
Ku Wei Ye Xia Phyllanthus amarus Schumach. & Carry Me Seed Phyllanthus Phyllanthaceae 30 Herb
Zhu Thonn.
Huang Qi Astragalus membranaceus (Fisch.) Astragalus Root Astragalus Fabaceae 30 Root
Bunge
Gua Lou Trichosanthes kirilowii Maxim Chinese Cucumber Trichosanthes | Cucurbitaceae 30 Fruit
Jin Qian Cao Lysimachia christinae Hance Lysimachia Lysimachia Primulaceae 30 Herb
Hu Ji Sheng Viscum coloratum (Kom.) Nakai Chinese Mistletoe Viscum Santalaceae 30 Stem, leaf
Dan Shen Salvia miltiorrhiza Bunge Red Sage Salvia Lamiaceae 20 Root
Di Huang Rehmannia glutinosa (Gaertn.) DC Dried Rehmannia Rehmannia Plantaginaceae 20 Root
Root
Fu Zi Aconitum carmichaeli Debx. Monkshood Aconitum Ranunculaceae 15 Root
San Qi Panax notoginseng (Burkill) F. H. Chen Notoginseng Panax Araliaceae 6 Root
E Zhu Curcuma phaeocaulis Valeton Rhizoma Curcumae Curcuma Zingiberaceae 6 Rhizome

Abbreviation: ]DNW formula, Jieduan-Niwan formula.

Shanghai, China), gallic acid (GA, >98%, PS0258-0050,
Chengdu Push Bio-Technology Co., Ltd., Chengdu,
Sichuan, China), 3,4-dihydroxybenzaldehyde (=98%,
B21613, Shanghai yuanye Bio-Technology Co., Ltd.,
Shanghai, China), chlorogenic acid (CA, >98%,
B20782, Shanghai yuanye Bio-Technology Co., Ltd.,
Shanghai, China), notoginsenoside R1 (NG-R1, >98%,
B21099, Shanghai yuanye Bio-Technology Co., Ltd.,
Shanghai, China), salvianolic acid B (Sal B, >98%,
B20261, Shanghai yuanye Bio-Technology Co., Ltd.,
Shanghai, China) and ginsenoside Rb1l (GRbl1, >98%,
B21050, Shanghai yuanye Bio-Technology Co., Ltd.,
Shanghai, China) were precisely weighed and dissolved
into methanol with their final concentrations at 10 mg/
mL, 2 mg/mL, 0.5 mg/mL, 2 mg/mL, 10 mg/mL,
10 mg/mL and 10 mg/mL, respectively. One hundred
puL of each standard substance above was added to
a 1-mL volumetric flask, diluted with methanol to the
volume, and the dilution was named Standard No. 1.
Five hundred pL of Standard No. 1 was transferred to
a new 1-mL volumetric flask, diluted with methanol to
the volume, called Standard No. 2. Similarly, Standard
No. 3, 4, 5, and 6 were obtained by the dilution of 500
uL of the preceding Standard No., respectively, by up to
1 mL of methanol.

To control the quality and determine the constituents
of the JDNW formula, HPLC analysis was performed to
establish the fingerprint spectrum and Agilent 1260 ser-
ies HPLC system (Agilent Technologies, Palo Alto, CA,
USA) was utilized for chromatographic separation. The
samples of the JDNW testing solution and standards
were separated by Diamonsil® C18(2) (250 mm x
4.6 mm, 5 pum) columns (Dikma Technologies Inc.,
Beijing, China) at 35 °C and 0.1% phosphoric acid (A)
and acetonitrile (B) were selected as the mobile phase.
The gradient elution conditions were recorded as fol-
lows: 0-10 min, 3% B; 10-20 min, 3-5% B; 20-30
min, 5-10% B; 3045 min, 10-13% B; 45-65 min, -
13-14% B; 65-80 min, 14-15% B; 80-85 min, 15-20%
B; 85-125 min, 20-30% B; 125-135 min, 30-50% B;
135-140 min, 50-100% B; 140-150 min, 100% B. The
flow rate was maintained at 1.0 mL/min, the injection
volume was 10 pL, and the absorbance was recorded at
203 nm. The HPLC results under the above conditions
are shown in Figure S1. Briefly, the composition of
catalpol, GA, 3,4-dihydroxybenzaldehyde, CA, NG-R1,
Sal B, and GRbl in the JDNW testing solution was
0.1324 mg/mL, 0.0902 mg/mL, 0.0073 mg/mL,
0.0266 mg/mL, 0.1905 mg/mL, 0.5436 mg/mL and
0.1834 mg/mL, respectively.
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Animal Materials

Male Wistar rats (weighing 180-200 g) were purchased
from Beijing Vital River Laboratory Animal Technology
Co., Ltd., Beijing, China (Certificate No. SCXK-JING
2016-0006) and were maintained at the Laboratory
Animal Center of the Capital Medical University under
specific-pathogen-free (SPF) conditions at 22.4+3.0 °C,
with humidity of 51.3+2.2% and a 12-h light/12-h dark
photoperiod.

Establishment of ACLF Model and

Treatment

The male Wistar rats (n=109) were randomly divided
into two groups, the normal group (n=9) and the treat-
ment group (n=100). The treatment group was injected
with human serum albumin (HSA) (Sigma, St Louis,
MO, USA) to trigger liver cirrhosis.’® Rats in the treat-
ment group were each sensitized immunologically by
a subcutaneous injection of 0.5 mL HSA (containing
a dose of 4 mg) per time on the 1st, 14th, 24th and
34th d. Then, the rats were injected with 2.5 mg HSA
through their tail veins, followed by a successive dosage
increase of 0.5 mg per time until a total dose of 4.5 mg
was reached for each rat. Subsequently, maintaining the
dose of 4.5 mg, and the continued injection until the
sixth week, the volume of each injection was 0.5 mL.
The rats were injected twice a week. Masson’s trichrome
staining was performed to confirm the occurrence of
hepatic fibrosis from the liver biopsy of the treatment
group rats (Figure S2). The rats with hepatic fibrosis
stage III or above (n=60) were selected and continued
to be injected with 4.5 mg HSA through their tail veins
for 2 weeks to establish the cirrhosis model. According
to Liu Xuhua’s modeling method,*® the cirrhotic rats
were intraperitoneally injected with D-galactosamine
(400 mg/kg, Sigma, St Louis, MO, USA) and lipopoly-
saccharide (100 pg/kg, Sigma, St Louis, MO, USA)
(D-GalN/LPS) for acute attacks to establish the ACLF
model. Rats in the normal group were offered the same
volume of 0.9% physiological saline at each time point.
After establishing the ACLF model, the rats (n=54) in
the treatment group were randomly divided into two
groups as the JDNW group and model group, and each
group was randomly divided into three subgroups as
JDNW/model group (5 d, 10 d, 15 d) (n =
group). At the optimal dose (21.7 g/kg/d) mentioned

9 per

above,”’ the JDNW groups received continuous gavage

of JDNW concentrated solution (5 mL/kg/d) for 5, 10
and 15 d after acute attacks for 24 h. The normal group
and the model groups received gavage of isodose 0.9%
physiological saline continuously at the same time
points. The blood and liver samples of rats in each
group were collected at 5, 10, and 15 d after the treat-
ments for future analysis.

Coagulation Condition

Blood treated with sodium citrate was centrifuged at
3000 rpm for 15 min at 4 °C to separate the plasma, and
the prothrombin time activity (PTA) of each sample was
detected using the Beckman Coulter ACL-TOP 700
Coagulation Analyzer (Beckman Coulter, Inc., Chaska,
MN, USA) within 2 h.

Histological Examinations

For hematoxylin and eosin staining (HE staining), the liver
tissues were fixed with 10% formaldehyde solution and
embedded in paraffin wax, then they were cut into
5-um-thick slices and fixed on the slide with neutral gum
to make paraffin sections. After wiping off paraffin from
sections using xylene and alcohol, the sections were
stained with hematoxylin dye and eosin dye. The results
were observed with a Nikon Eclipse 80i light microscope
(x200) (Nikon, Tokyo, Japan).

For reticular fiber staining, the sections were soaked in
0.25% potassium permanganate solution after dewaxing,
bleached with 2.5% oxalic acid solution, and dipped in 2%
ammonium ferric sulfate solution and silver ammonia
solution. After fixing with 2% sodium thiosulfate solution,
the sections were stained with Ponceau S solution. The
results were observed with a Nikon Eclipse 80i light
microscope (x100) (Nikon, Tokyo, Japan).

Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling (TUNEL) Assay

The hepatocyte apoptosis in paraffin sections was detected
by the Colorimetric TUNEL Apoptosis Assay Kit
(Beyotime Biotechnology, Shanghai, China), according to
the manufacturer’s instructions. The results were observed
under the ZEISS Axio Imager A2 Upright Metallurgical
Microscope (x200 and x400) (Carl Zeiss Meditec, Jena,
Thuringia, Germany). Three sections were randomly
selected from each group, five fields were randomly
selected from each section under the high-power micro-
scopic field (x400), and 100 hepatocytes were counted in
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each field. The apoptosis index=the number of apoptotic
cells/total number of cells x100%.

Flow Cytometry Assay

The liver samples of rats were harvested before blood
collection. Briefly, liver tissues of equal sizes were taken
from the same part of the left lobe of the rat livers and
rapidly placed in a 1640 medium containing 5% fetal
bovine serum (FBS). The liver tissues were moved from
the medium onto a 300-mesh filter and ground gently to let
the cells pass through the filter. Afterward, the cells were
collected and washed with phosphate buffer saline (PBS).
2x10° cells were placed in the flow tube and washed with
PBS. Then, 1 uL. Annexin V YO-PRO-1 dye and 1 uL PI
dye from Vybrant™ Apoptosis Assay Kit #4 (Invitrogen,
Carlsbad, CA, USA) were added to the flow tubes. The
cells were static-cultured at 4 °C in the dark for 20 min
and resuspended in PBS. Finally, the hepatocyte apoptosis
rate was detected by flow cytometry-BD FACS Canto II
Plus (BD Biosciences, San Jose, CA, USA).

Quantitative Real-Time PCR (RT-qPCR)
Analysis

The total RNAs were extracted from the liver tissues using
the RNAprep pure Tissue Kit (TTANGEN Biotech Co.,
Ltd., Beijing, China), according to the manufacturer’s
instructions, and were reverse-transcribed into cDNA
using the FastKing RT Kit (With gDNase) (TIANGEN
Biotech Co., Ltd., Beijing, China), again according to the
manufacturer’s instructions. The RT-qPCR reaction system
was established by SuperReal PreMix Plus (SYBR Green)
Kit (TIANGEN Biotech Co., Ltd., Beijing, China), accord-
ing to the manufacturer’s instructions, with f-actin as the
internal control, at the following conditions: 95 °C for 15
min, 40 cycles of 95 °C for 10 s, 60 °C for 20 s and 72 °C
for 30 s. Finally, gene expression was statistically analyzed
with the 2724“T method. All primer sequences for the RT-
gPCR analyses are presented in Table S1.

Western Blotting Analysis

The liver tissues were lysed with RIPA lysis buffer contain-
ing protease and phosphatase inhibitors, and total proteins
were collected after homogenization and centrifugation.
The concentration of proteins was determined by BCA
Protein Assay Kit (Applygen Technologies Inc., Beijing,
China), according to the manufacturer’s instructions, and
adjusted to a final concentration of 3 pg/pulL. Ten percent

SDS polyacrylamide gel electrophoresis (SDS-PAGE) was
used to separate the proteins, which were then transferred to
polyvinylidene difluoride (PVDF) membranes (Bio-Rad,
Hercules, CA, USA). The membranes were placed in 5%
skimmed milk powder, sealed for 1 h, and then incubated
with a diluted solution of primary anti-E2F1 (1:500, sc-251,
Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-
Caspase-3 (1:1000, #9662, Cell Signaling Technology,
Danvers, MA, USA), anti-Caspase-6 (1:1000, 10198-
1-AP, Proteintech Group, Inc., Chicago, IL, USA), anti-
Caspase-7 (1:1000, #9492, Cell Signaling Technology,
Danvers, MA, USA), anti-Caspase-9 (1:1000, ab184786,
Abcam, Cambridge, UK), anti-B-actin (1:5000, A0101,
LabLead Bio-Technology Co., Ltd., Beijing, China), or
anti-GAPDH (1:5000, G0100, LabLead Bio-Technology
Co., Ltd., Beijing, China), respectively, overnight at 4 °C.
Anti-B-actin or anti-GAPDH was utilized as an internal
control based on the molecular weight of the detected
proteins. After washing four times with 1xTris-buffered-
saline with Tween (TBST), the membranes were incubated
with anti-mouse secondary antibody (1:5000, S0100,
LabLead Bio-Technology Co., Ltd., Beijing, China) or
anti-rabbit secondary antibody (1:5000, S0101, LabLead
Bio-Technology Co., Ltd., Beijing, China) at room tem-
perature for 1h. The protein bands were visualized using
the Super ECL Plus Detection Reagent (Applygen
Technologies Inc., Beijing, China), according to the manu-
facturer’s instructions. The blot intensities were quantified
with Tmagel*® and compared with an internal control (B-
actin antibody or GAPDH antibody) to determine the dif-
ferences in protein expression in each group. All the experi-
ments were done in triplicate.

Statistical Analyses

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) software was used
for statistical analysis of experimental data. QQ plot (Figure
S3) together with Shapiro-Wilk test were used to test the
normality of experimental data. Statistical comparison
among multiple groups was carried out by one-way ANOVA
followed by the least significant difference (LSD) test (data are
normally distributed and homogeneity of variance, results
were expressed as mean * standard deviation (SD)) or
Kruskal-Wallis test followed by Dunn’s test (data are non-
normally distributed or without homogeneity of variance,
results were expressed as the median (min - max)). P value
denoted the significant difference, P < 0.05 indicating statis-
tical significance and P < 0.01, P < 0.001, and P < 0.0001
implying notable statistical significance. GraphPad Prism 8
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(GraphPad Software, Inc., La Jolla, CA, USA) was used for
plotting the graphs.

Results
The ]JDNW Formula Ameliorated the

Coagulation Function of ACLF Rats

The PTA of rats in normal, model and JDNW groups were
measured to detect whether the JDNW formula could ame-
liorate the coagulation function of ACLF rats (Figure 1). The
result showed that, compared with the normal group, the
PTA of rats in the model groups decreased significantly at
each time point (5 d, 10 d, 15 d), with a gradually decreasing
trend over the entire time period (each P < 0.0001). It
suggested that the ACLF rats had coagulation dysfunction,
which is consistent with the clinical manifestations of ACLF
patients. Compared with the model groups, the PTA of rats
in the JDNW groups increased significantly at the corre-
sponding time points (P = 0.0415, P < 0.0001, P < 0.0001).
These results indicated that the JDNW formula ameliorated
the coagulation function of ACLF rats.

The ]DNW Formula Ameliorated the
Pathological Injury of ACLF Rats

To examine whether the JDNW formula could alleviate the
pathological injury of ACLF rats, the liver tissues in
normal, model, and JDNW groups were detected by HE
staining and reticular fiber staining. In the results of HE
staining, the hepatic lobules were intact in the normal
group, with no denatured or necrotic cells. The liver cells
in the model groups presented edema, deformation, necro-
sis, and inflammatory cell infiltration. Liver fibrosis was

150
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Figure | The JDNW formula ameliorated the coagulation function of ACLF rats.
Notes: PTA of rats in normal, model and JDNW groups was measured by a
coagulation analyzer; the results were expressed as mean * SD, asterisks denote
the significance levels: ****P < 0.0001, *P < 0.05.

Abbreviations: JDNW, Jieduan-Niwan; ACLF, acute-on-chronic liver failure; PTA,
prothrombin time activity; SD, standard deviation.

obvious, the pseudolobules were widely formed, and some
liver tissues showed massive or submassive necrosis and
obvious bleeding. The severity of the pathological phe-
nomena was aggravated over time. Interestingly, the typi-
cal pathological damage of the ACLF rats was alleviated
after treatment with the JDNW formula. In the JDNW
groups, the degree of inflammatory cell infiltration and
tissue necrosis decreased compared with the model groups
(Figure 2A). Besides, the results of reticular fiber staining
indicated that there was no obvious abnormal fiber forma-
tion in the normal group. But in the model groups, liver
fibrosis was distinct. The reticular fibers were thick and
numerous in the portal area, and the degree of liver fibrosis
gradually increased over time; pseudolobules were
formed, the hepatic cords were disorderly and the reticular
scaffolds collapsed. Remarkably, although there were reti-
cular fibers and pseudolobules in the JDNW groups, the
severity of hepatic fibrosis was lightened at the corre-
sponding time points compared with the model groups
(Figure 2B). These results indicated that the ACLF
model was established successfully and the JDNW for-
mula ameliorated the pathological damage to liver tissues
in ACLF rats.

The IDNW Formula Reduced the
Hepatocyte Apoptosis Index and
Apoptosis Rate of ACLF Rats

To examine whether the JDNW formula could reduce the
hepatocyte apoptosis level of ACLF rats, the hepatocyte
apoptosis index and apoptosis rate were measured.
TUNEL assay was employed to measure the apoptosis
index (Figure 3A) and negative controls were shown in
Figure S4. The results showed that TUNEL positive cells
with brown nuclei were barely detected in the normal
group. In contrast, a large number of TUNEL positive
cells appeared in the model groups, and the apoptosis
index showed a gradually increasing trend over time
(each P < 0.0001). Interestingly, the TUNEL positive
cells and apoptosis index of the JDNW formula-treated
ACLF rats significantly reduced at each corresponding
0.0019, P < 0.0001, P < 0.0001).
Besides, flow cytometry was used to detect the hepatocyte

time point (P =

apoptosis rate (Figure 3B). The results showed that, com-
pared with the normal group, the hepatocyte apoptosis rate
in the model groups significantly increased on the 5th,
10th and 15th d, with a gradually increasing trend over
the entire time period (P = 0.0091, P = 0.0001, P <
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Figure 2 The JDNW formula ameliorated the pathological injury of ACLF rats.

S
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Notes: (A) HE staining of hepatic tissues from the different groups (magnification, x200). Scale bars in all images are 50 um. (B) Reticular fiber staining of hepatic tissues

from the different groups (magnification, x100). Scale bars in all images are 100 pm.

Abbreviations: JDNVY, Jieduan-Niwan; ACLF, acute-on-chronic liver failure; HE staining, hematoxylin and eosin staining.

0.0001). Notably, compared with the model groups, the
apoptosis rate of the JDNW groups decreased at each time
point, and the most significant decrease occurred on the
15th d (P = 0.0491). Taken together, these results indi-
cated that the JDNW formula significantly reduced the
hepatocyte apoptosis index and apoptosis rate, thereby
inhibiting excessive apoptosis of hepatocytes protecting
hepatocytes from ACLF in rats.

The IDNW Formula Down-Regulated the
Expression of TNFRI and E2FI to

Protect Hepatocytes in ACLF Rats

To investigate the regulatory effect of the JDNW formula
on TNFRI and E2F1, RT-qPCR was employed to monitor
the transcript levels of TNRFI (Figure 4A) and Western

blot was used to detect the expression of E2F1
(Figure 4B). The results indicated that, compared with
the normal group, the expression of 7TNFR/ and E2F1 in
the model groups increased significantly on the 5th, 10th
and 15th d (TNFRI1: P = 0.3445, P = 0.0464, P = 0.0001;
E2F1: P = 0.0001, P < 0.0001, P < 0.0001). Compared
with the model groups, the expression of TNFRI and E2F1
decreased significantly in the JDNW groups at each corre-
sponding time point, and the most significant down-regu-
lation of TNFRI transcripts occurred on the 10th and 15th
d (P = 0.0405, P = 0.0099), while the most significant
decrease in E2F1 was observed on the 5th, 10th and 15th
d (P =0.0292, P < 0.0001, P < 0.0001). These findings
indicated that the JDNW formula effectively down-regu-
lated the expression of TNFRI and E2F1 in order to
protect hepatocytes in ACLF rats.
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Figure 3 The JDNW formula reduced the hepatocyte apoptosis index and apoptosis rate of ACLF rats.
Notes: (A) TUNEL assay of hepatic tissues from the different groups (magnification, X200, up). The TUNEL positive cells are boxed in each group, and the boxed regions
are further enlarged below (magnification, x400). Arrows indicate TUNEL positive cells. Scale bars in all images are 50 pm. The results were expressed as mean * SD. (B)
Hepatocyte apoptosis rate in each group was determined by flow cytometry. The results were expressed as the median (min - max). The asterisks denote the significance
levels: ¥***P < 0.0001, **P < 0.01, ***P < 0.001, *P < 0.05.
Abbreviations: ]DNW, Jieduan-Niwan; ACLF, acute-on-chronic liver failure; TUNEL assay, terminal deoxynucleotidyl transferase dUTP nick end labeling assay; SD, standard deviation.
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Abbreviations: |DNW, Jieduan-Niwan; TNFRI, tumor necrosis factor receptor |; E2FI, E2F transcription factor |; ACLF, acute-on-chronic liver failure; RT-qPCR,

quantitative real-time PCR; SD, standard deviation.

The ]DNW Formula Inhibited
E2F|-Mediated Hepatocyte Apoptosis via

the p53-Dependent Apoptosis Pathway in

ACLF Rats

To explore whether the JDNW formula could inhibit
E2F1-mediated hepatocyte apoptosis via the p53-depen-
dent apoptosis pathway and protect hepatocytes in ACLF
rats, the expression of the transcripts of p53 and p14*® in
this pathway was analyzed by RT-qPCR (Figure 5A). The
results showed that, compared with the normal group, the
expression of the transcript levels of p53 and p/4**" was
significantly enhanced at all time points in the model
groups, with a gradually increasing trend over the entire
time period (each P < 0.0001). Interestingly, the expres-
sion of the transcripts of p53 and pl4*®F decreased sig-
nificantly after JDNW treatment (p53: P = 0.0073, P <
0.0001, P < 0.0001; p14*%F: P = 0.0660, P < 0.0001, P <
0.0001). In addition, the expression of the initiator caspase
Caspase-9 and its active form cleaved Caspase-9, as well
as the executioner caspases Caspase-3/-6/-7 and their
active forms cleaved Caspase-3/-6/-7, was detected by
Western blot. The activity of Caspase was calculated by
the ratio of cleaved Caspase/(Caspasetcleaved Caspase)
(Figure 5B). The results showed that, compared with the

normal group, the expression of cleaved Caspase-9/-3/-7/
(Caspase-9/-3/-7+cleaved Caspase-9/-3/-7) increased in
the model groups on the Sth, 10th and 15th d (cleaved
Caspase-9/(Caspase-9+cleaved Caspase-9): P = 0.0012,
P = 0.0001, P = 0.0017; cleaved Caspase-3/(Caspase-3
+cleaved Caspase-3): each P < 0.0001; cleaved Caspase-7/
(Caspase-7+cleaved Caspase-7): P = 0.0067, P = 0.0002,
P < 0.0001), but decreased significantly in the JDNW
groups. Specifically, for the JDNW groups, the down-
regulation of cleaved Caspase-9/(Caspase-9+cleaved
Caspase-9) observed on the 5th d (P = 0.0059), the sig-
nificant down-regulation of cleaved Caspase-3/(Caspase-3
+cleaved Caspase-3) was noted on the 5th, 10th and 15th
d (P = 0.0009, P = 0.0001, P < 0.0001), and the signifi-
cant decrease in cleaved Caspase-7/(Caspase-7+cleaved
Caspase-7) was seen on both the 10th and 15th d (P =
0.0178, P < 0.0001). Then, there was no statistically sig-
nificant difference in the activity of Caspase-6 among the
groups over the entire time period. Hence, the data indi-
cated that the JDNW formula reduced the hepatocyte
apoptosis of ACLF rats by inhibiting the core genes, p53
and p14*%F and proteins, cleaved Caspase-9/-3/-7 but not
cleaved Caspase-6, in E2F1-mediated p53-dependent
apoptosis pathway.
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Figure 5 The JDNW formula inhibited E2F|-mediated hepatocyte apoptosis via the p53-dependent apoptosis pathway in ACLF rats.

Notes: (A) Relative transcript levels of p/4*% and p53 in the different groups were detected by RT-qPCR. (B) The expression of caspases Caspase-9/-3/-6/-7 and their active
forms cleaved Caspase-9/-3/-6/-7 in the different groups were detected by Western blot analysis. B-actin was used as the loading control of cleaved Caspase-3/-6/-7 and
Caspase-3/-6/-7. GAPDH was used as the loading control of cleaved Caspase-9 and Caspase-9. The results of Caspase-6 were expressed as median (min - max), and the rest
were expressed as mean * SD, asterisks denote the significance levels: ***P < 0.0001, **P < 0.01, ***P < 0.001, *P < 0.05.

Abbreviations: ]DNW, Jieduan-Niwan; E2FI, E2F transcription factor I; p53, tumor protein 53; ACLF, acute-on-chronic liver failure; pI4ARF, alternative reading frame
product of the INK4A/ARF locus; RT-qPCR, quantitative real-time PCR; Caspases, cysteinyl aspartate-specific proteinase; SD, standard deviation.
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Figure 6 The JDNW formula inhibited E2F|-mediated hepatocyte apoptosis via the non-p53- dependent apoptosis pathways in ACLF rats.

Notes: (A) Relative transcript levels of APAF[ in the different groups were detected by RT-qPCR. (B) Relative transcript levels of p73 in the different groups were detected
by RT-qPCR. The above results were expressed as mean * SD, asterisks denote the significance levels: **P < 0.01, ****P < 0.0001, ***P < 0.001, *P < 0.05.
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The ]DNW Formula Inhibited

E2F[-Mediated Hepatocyte Apoptosis via
the Non-P53-Dependent Apoptosis
Pathways in ACLF Rats

To determine whether the JDNW formula could inhibit
E2F1-mediated hepatocyte apoptosis via the non-p53-
dependent apoptosis pathways and protect hepatocytes in
ACLF rats, the expression of the transcripts of two vital
genes, APAF'] and p73, from the pathways was analyzed
by RT-gPCR (Figure 6A and B). The results showed that,
compared with the normal group, the expression of the
transcript levels of APAF] and p73 increased significantly
in the model groups of ACLF rats on the 5th, 10th and
15th d (APAF1: P =0.0084, P <0.0001, P <0.0001; p73:
P =0.0004, P < 0.0001, P <0.0001). These effects were
notably inhibited by JDNW treatment, as seen by the
significant decrease in APAFI and p73 in the JDNW
groups compared with the model groups (4PAFI1: P =
0.5896, P =0.0008, P < 0.0001; p73: P = 0.0309, P <
0.0001, P <0.0001). Therefore, together with the results of
the expression of caspase proteins (Figure 5B), the data
suggested that the JDNW formula inhibited the activation
of the non-p53-dependent apoptosis pathways, induced by
the overexpression of E2F1 in ACLF model rats, via the
down-regulation of the expression of the two key genes,
APAFI and p73, and caspase proteins, cleaved Caspase-9/-
3/-7, but not cleaved Caspase-6.

The ]DNW Formula Inhibited
E2F[-Mediated Hepatocyte Apoptosis via
the Blocking Anti-Apoptotic Signaling
Pathways in ACLF Rats

To confirm whether the JDNW formula could inhibit
the E2F1-mediated apoptosis of hepatocytes in ACLF
rats via the blocking anti-apoptotic signaling pathways,
the expression of the transcripts of TRAF2 (Figure 7A),
Bcl-2 (Figure 7B), and Mcl-1 (Figure 7C), which are
the key factors in the pathways, was detected by RT-
qPCR. The data showed that, compared with the nor-
mal group, the expression of the transcripts of TRAF2,
Mecl-1, and Bcl-2 decreased significantly at each time
point in the model groups (TRAF2: each P < 0.0001;
Mecl-1: each P < 0.0001; Bcl-2: P = 0.5884, P =
0.0148, P = 0.0005). The transcript levels of TRAF?2,
Mcl-1, and Bcl-2 increased significantly in the JDNW
groups, with the notable increase in TRAF2 and Mcl-1
seen on the 15th d (each P < 0.0001) and the signifi-
cant increase in Bcl-2 observed on both the 10th and
15th d (P = 0.0401, P < 0.0001). These findings
indicated that the JDNW formula inhibited hepatocyte
apoptosis through the up-regulation of the expression
of TRAF2, Mcl-1, and Bcl-2 and the down-regulation
of cleaved Caspase-9/-3/-7 but not cleaved Caspase-6
(Figure 5B) from the blocking anti-apoptotic signaling
pathways.
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Figure 7 The ]JDNW formula inhibited E2F|-mediated hepatocyte apoptosis via the blocking anti-apoptotic signaling pathways in ACLF rats.
Notes: (A) Relative transcript levels of TRAF2 in the different groups were detected by RT-qPCR. (B) Relative transcript levels of Bcl-2 in the different groups were detected
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significance levels: ****P < 0.0001, *P < 0.05, ***P < 0.001.

Abbreviations: |DNW, Jieduan-Niwan; E2F|, E2F transcription factor |; ACLF acute-on-chronic liver failure; TRAF2, TNF receptor associated factor 2; RT-qPCR,
quantitative real-time PCR; Bcl-2, B-cell lymphoma 2; Mcl-1, myeloid cell leukemia |; SD, standard deviation.

Discussion

In recent years, clinical studies have shown that the JDNW
formula is a promising prescription for the treatment of
ACLF, which could improve the liver function and other
symptoms and reduce mortality in patients.>® In the pre-
sent study, the main constituents of the JDNW formula and
their concentrations were revealed by HPLC analysis,
including catalpol (0.1324 mg/mL), GA (0.0902 mg/mL),
3,4-dihydroxybenzaldehyde  (0.0073 mg/mL), CA
(0.0266 mg/mL), NG-R1 (0.1905 mg/mL), Sal
B (0.5436 mg/mL), and GRbl (0.1834 mg/mL). Sal
B and 3,4-dihydroxybenzaldehyde are polyphenolic com-
pounds in Salvia miltiorrhiza Bunge; NG-R1 and GRb1
are the predominant active ingredients of Panax notogin-
seng (Burkill) F. H. Chen; Catalpol is an iridoid glycoside
abundant in the roots of Rehmannia glutinosa (Gaertn.)
DC; GA is a natural polyphenolic in Lysimachia christinae
Hance and Viscum coloratum (Kom.) Nakai; and CA is
one of the vital components of Astragalus membranaceus
(Fisch.) Bunge. These ingredients possess anti-oxidation,
anti-inflammatory, anti-apoptosis and other pharmacologi-
cal properties, and play important roles in the treatment of
fatty liver, acute liver injury, liver failure and other dis-
eases. Here Sal B was the most abundant ingredient in
JDNW formula. It has been reported that Sal B could
significantly scavenge free radicals, maintain mitochon-
drial membrane permeability, ensure basic energy metabo-
lism, and inhibit the activation of apoptosis-related factors
such as Caspase-3 and Bcl-2 by oxidative stress.*'
Moreover, Sal B reduces inflammation and hepatocyte
apoptosis by activating the SIRT1/PGC-1a signaling path-
way to attenuate liver damage caused by sepsis.*? In
addition, Sal B is recognized to prominently alleviate

liver fibrosis in chronic hepatitis B virus (HBV) patients
without causing obvious side effects.*' Furthermore, Sal
B protects the integrity of the lysosomal membrane by up-
regulating the expression of LAMPI, thereby reducing the
leakage of CatB/D into the cytosol and protecting hepato-
cytes from death.*> NG-R1 is capable of reducing intest-
inal ischemia-reperfusion injury induced microvascular
hyperpermeability, the production of inflammatory factors,
improving intestinal and liver microcirculation, and inhi-
biting epithelial cell apoptosis.** GRb1 alleviates hepato-
cytic apoptosis via peroxisome proliferator-activated
receptor v.** Catalpol improves the mitochondrial mem-
brane potential and regulates inflammatory cytokines and
the expression of apoptotic proteins through antioxidant
effects and protects the liver from cholestasis-mediated
injury.** GA inhibits lipid accumulation, apoptosis and
inflammation in hepatocytes by activating AMPK.*” CA
alleviates oxidative stress in the liver by scavenging mito-
chondria and intracellular ROS, inhibits steatosis, hepato-
cyte apoptosis and liver fibrosis, and improves alcoholic
liver injury.*® 3,4-dihydroxybenzaldehyde induces S-Phase
arrest and apoptosis by stimulating the p27*™'-Cyclin A/
D1-CDK2 and mitochondrial apoptotic pathways in HT-29
cells.*” In conclusion, these findings suggest that the 7
components in JDNW formula play the anti-apoptotic
and hepatoprotective role. It has been reported recently
that the JDNW method has been utilized to treat patients
with the novel coronavirus disease 2019 (COVID-19)
severe novel pneumonia, with remarkable outcomes, at
Beijing Ditan Hospital, which is affiliated to the Capital
Medical University, a designated institution treating the
novel COVID-19 in China.
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ACLF is a syndrome that severe decompensation in
liver function and massive or submassive necrosis of liver
parenchyma caused by acute injury on the background of
chronic liver disease. Liver cirrhosis, induced by the
immunologic stimulant HSA, is very similar to the patho-
logical basis of ACLF. D-GalN and LPS could cause
macrophages to produce more inflammatory factors,
which induce severe liver damage accompanied by apop-
tosis, liver necrosis, and other organ damage symptoms,
ultimately leading to acute liver failure (ALF).>° D-GalN/
LPS-induced ALF is similar to the acute injury process of
ACLF. The ACLF rat model simulates part of the patho-
physiological process of ALF based on the chronic liver
disease at the animal level. In the present study, we found
that the PTA of rats in the model groups decreased sig-
nificantly, suggesting that the ACLF rats had coagulation
dysfunction, which is consistent with the clinical manifes-
tations of ACLF patients. The results of HE staining and
reticular fiber staining showed that the pathological phe-
nomena such as edema and deformation of liver cells,
accompanied by inflammatory cell infiltration, prominent
liver fibrosis, widespread formation of pseudolobules, and
reticular fibers were thick and numerous in the portal area;
massive and submassive necrosis of liver tissues were also
clearly observed. Over time, the degree of the pathological
changes in the ACLF became increasingly severe. The
results of TUNEL assay and flow cytometry showed that
the hepatocyte apoptosis index and apoptosis rate
increased significantly. Moreover, the previous studies
revealed that the levels of alanine transaminase (ALT),
aspartate transaminase (AST), and total bilirubin (TBIL)
increased in ACLF rats.® With the electron microscope, it
was observed that the liver cells were swollen, the nuclear
abnormality was serious, the rough endoplasmic reticulum
was expanded and broken, the mitochondrial membrane
was ruptured, cristae had disappeared, and vacuolization
and apoptotic bodies significantly increased.** These
results indicated that the ACLF model was established
successfully. After the treatment with the JDNW formula,
the pathological damage was significantly alleviated, the
hepatocyte apoptosis rate and apoptosis index significantly
decreased, and the liver function and coagulation function
improved in ACLF rats. These results suggest that the
JDNW formula could effectively inhibit the excessive
apoptosis of hepatocyte, decrease the level of hepatic
tissue damage and necrosis, and protect the liver of
ACLF rats.

Although the precise definition of ACLF remains con-
troversial, with a consensus yet to be reached on the matter
between Eastern and Western researchers, it is generally
believed that the host immune response and the inflamma-
tory cascade characterize the fundamental pathological
mechanisms of ACLF.>'* When D-GaIN and LPS reach
the liver, the Kupffer cells and blood sinusoidal endothe-
lial cells of the liver are stimulated to produce and release
a large number of inflammatory factors, particularly TNF-
o and IL-6, which could promote the proliferation and
differentiation of cytotoxic T lymphocytes, enhance the
cytolytic function of Natural Killer (NK) cells against
physiologically stressed cells, provoke cellular immunity,
and cause different degrees of inflammatory response and
immune damage.’* >’ TNF-a binds to TNFRI forms an
oligomer, which could transmit the signals activated by the
extracellular TNF-a to the cell, regulates tyrosine phos-
phorylation and the expression of E2F1 through the signal
transducer and activator of transcription 3 (STAT3),” and
then produces a series of molecular events. Our previous
experimental studies found that the serum and liver tissues
of ACLF rats showed increased levels of TNF-o and IL-6;
the opposite effects were observed in the JDNW formula
groups, with the most significant difference found mainly
on the 15th day.>* In the present study, the data showed
that, compared with the normal group, the expression of
TNFRI and E2F]1 in the hepatic tissues of rats on the Sth,
10th, and 15th d in the model groups increased signifi-
cantly. Compared with the model groups, the expression of
the factors TNFRI and E2F1 decreased highly in the
JDNW groups at each corresponding time point, with the
most significant down-regulation of TNFRI transcripts
observed on the 10th and 15th d and the most significant
decrease in E2F1 seen on the 5th, 10th and 15th d. All data
suggested that the expressions of TNFRI and E2F1 could
be effectively down-regulated after treatment with the
JDNW formula, which might have contributed to the pro-
tection of the hepatic cells of ACLF rats by reducing TNF-
o and IL-6 release and the expression of transcripts of
TNFRI, thus reducing the combination of TNF-o and
TNFRI1 and the expression of E2F1.

The pathogenic mechanisms of ACLF are closely
related to the excessive apoptosis of hepatic cells.”**
E2F1-mediated apoptosis pathways, which are among the

58,59

most important apoptotic pathways, play an important

role in ACLF caused by excessive apoptosis of liver cells.®

The increased expression of E2F1 could enhance the tran-
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P33 to initiate apoptosis.'®'*"'* The present study showed
that the expression of the transcript levels of p53 and
pI4™F in the model groups increased significantly on
the Sth, 10th, and 15th d, with gradual increase over the
entire time period. The expression of p353 and pl4'%F
decreased significantly after treatment with JDNW, with
the most significant decrease in both genes observed on
the 10th and 15th d. APAFI is a direct transcriptional

target of p53,">""

the up-regulation of the expression of
p53 could increase the expression of APAFI, which acti-
vates Caspase-9 into active form cleaved Caspase-9, then
the activated Caspase-9 cleaves and activates Caspase-3 to
initiate downstream caspase-cascade system.'*'""'° In the
present study, compared with the normal group, the
expression of the transcript of APAFI and the activities
of Caspase-9/-3/-7 increased significantly in the model
groups of ACLF rats on the 5th, 10th and 15th d. These
effects were notably inhibited by JDNW treatment.
Specifically, the most significant down-regulation of the
expression of the transcripts of APAFI in the JDNW
groups was presented on the 10th and 15th d, the down-
regulation of the activity of Caspase-9 noted on the 5th d,
Caspase-3 activity decreased significantly on the 5th, 10th
and 15th d, and the significant decrease in the activity of
Caspase-7 seen on both the 10th and 15th d. There were no
significant changes in the activity of Caspase-6, which
suggested that Caspase-6 may not be recruited in the
caspase-cascade system here. The data suggest that the
JDNW formula can inhibit E2F1-mediated hepatocyte
apoptosis via the p53-dependent apoptosis pathway in
ACLF rats and can also have a protective effect on hepa-
tocytes. In the absence of p53, E2F1 can directly activate
several apoptosis-induced genes, such as p73.'%!5!17:23
Besides, E2F1 does not rely on the release of cytochrome
¢ in the mitochondria. The alternative pathway, which
depends on increasing the expression of APAF1, is directly
induced by E2F1 to activate Caspase-9 without the accu-
mulation of cytochrome ¢,'” and this process is concomi-
tant with the initiation of a caspase-cascade for apoptosis
via the non-p53-dependent pathways. The results showed
that, compared with the normal group, the expression of
the transcripts of p73 increased significantly in the model
groups of ACLF rats on the 5th, 10th and 15th d. These
effects were notably inhibited by JDNW treatment. Hence,
these results suggest that the JDNW formula can alleviate
hepatocyte apoptosis of ACLF rats by modulating E2F1-
mediated, non-p53-dependent

apoptosis  pathways.

Furthermore, E2F1 sensitizes cells to apoptosis-promoting

stimuli and induces apoptosis through the NF-«xB signaling
pathway. The overexpression of E2F1 can down-regulate
the expression level of the signal transduction molecule
TRAF2, mediate signal transmission to the downstream,
inhibit NF-kB,® and block anti-apoptotic signals. In addi-
tion, it inhibits the expression of Mcl-1 and Bcl-2, which
could change the mitochondrial permeability and promote
the release of apoptotic forming factors such as cyto-
chrome ¢ from the mitochondria and induce apoptosis.®'
The present results revealed that the transcripts expression
of TRAF2, Mcl-1 and Bcl-2 decreased significantly at each
time point in the model groups compared with the normal
group. But in the JDNW groups the transcript levels of
TRAF?2, Mcl-1 and Bcl-2 were highly up-regulated, with
the notable increase in TRAF2 and Mcl-1 seen on the 15th
d and the significant increase in Bcl-2 observed on both the
10th and 15th d. These findings indicated that the JDNW
formula could alleviate hepatocyte apoptosis of ACLF rats
by regulating the E2F1-mediated blocking anti-apoptotic
signaling pathways. The schematic diagram of JDNW'’s
regulation of E2F1-mediated apoptosis pathways in hepa-
tocyte is shown in Figure 8. To sum up, the data suggest
that the JDNW formula can effectively inhibit the exces-
sive apoptosis and protect the liver cells of ACLF rats by
modulating the three E2F1-mediated apoptosis pathways.
Appropriate inhibition of the E2F1-mediated hepatocyte
apoptosis pathways is a potential therapeutic target of
ACLF.

Taken together, the present study provides a better
understanding of the histopathological and molecular
mechanisms of the JDNW formula in the treatment of
ACLF rats. The JDNW formula can act as a liver protec-
tant and participate in the modulation of the three E2F1-
mediated apoptosis pathways.

Conclusions

In summary, the present study has shown that the JDNW
formula could ameliorate coagulation function and patho-
logical damage to the liver, decrease the hepatocyte apop-
tosis index and apoptosis rate, and inhibit the excessive
apoptosis of liver cells by regulating the E2F1-mediated
hepatocyte apoptosis pathways in ACLF rats, with the
most significant effects observed mainly on the 15th
d. These findings indicate that the E2F1-mediated apopto-
tic pathways play an important role in ACLF progression,
suggesting these avenues as a potential and worthy ther-
apeutic target of ACLF treatment. It is hoped that this
study has laid the foundation for future research on the
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myeloid cell leukemia |; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells.

role of the JDNW formula in the management of ACLF
and will provide a better time window for such research.
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