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BuShen HuoXue decoction (BSHXD) has been used to treat patients with unexplained recurrent spontaneous abortion (URSA).
However, the chemical compounds and mechanism by which BSHXD exerts its therapeutic and systemic effects to promote the
proliferation of decidual stromal cells (DSCs) has not been elucidated. This work sought to elucidate the cellular and molecular
mechanism of BSHXD in terms of inflammatory factors IL-17A in DSCs in vitro because of the critical roles of inflammation,
apoptosis, and immunity in the development and progression of pregnancy loss. Twelve migratory chemical compounds from
BSHXD extract were qualitatively analyzed by high-performance liquid chromatography (HPLC). DSCs were collected from
normal early pregnancy (NEP) and URSA to determine whether BSHXD affects IL-17A/IL17RA via the PI3K/AKT pathway.
Abnormal apoptosis and activated p-AKT were observed in URSA DSCs. RhIL-17 A, LY294002 (a PI3K pathway inhibitor), and
BSHXD were individually or simultaneously administered in NEP DSCs, suggesting that BSHXD restored cell proliferation
without excessive stimulation and IL-17A promotes proliferation via the PI3K/AKT pathway. Using the same intervention in
URSA DSCs, qRT-PCR measured the upregulated mRNA levels of IL-17 A/IL-17RA, PI3K, AKT, p-AKT, PTEN, Bcl-2, and Bcl-
xL and downregulated mRNA levels of BAD and ACTI after treatment with BSHXD. We demonstrated that BSHXD affected IL-
17A/IL-17R via PI3K/AKT pathway to promote the proliferative activity of DSCs in URSA. These results provide a new insight to
further clarify the relationship between inflammation and apoptosis and the mechanism of imbalance in the dynamic equilibrium
between Th17/Treg immune cells at the maternal-fetal interface.

1. Introduction

Recurrent spontaneous abortion (RSA) refers to consecutive
abortions occurring before 20 weeks with the same bio-
logical father [1]. RSA is increasingly associated with a
variety of mechanisms, such as genetic abnormalities, en-
docrine disorders, infectious inflammation, anatomical
malformation, thrombophilic tendency, and environmental

factors [2]. Up to 50% of RSA cases occur in the absence of
common obstetrical and gynecological complications [3]
and are therefore referred to as unexplained RSA (URSA).
Treatment strategies such as aspirin and low-molecular-
weight heparin (LMWH) have recently been recommended
by practical guidelines for URSA and had provided some
curative effects [4]. Targeted drugs such as TNF-« inhibitors
and granulocyte colony-stimulating factor (G-CSF) are
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potential drugs for URSA [5]. In addition to the many
advances in URSA treatment in Western medicine, in-
creasing attention is being given to traditional Chinese
medicine (TCM) because of its advantages in enhancing
fertility and live birth rates. TCM is currently recognized as a
prevalent complementary and alternative treatment for
URSA in the Western world [6].

TCM is the mainstream of healthcare throughout East
Asia, and complex herbal formulations have been applied to
treat diseases for 5,000 years. Compared with Western
medicine, TCM has a unique theory for the diagnosis and
treatment of repeated pregnancy loss. A systematic review
on TCM and pregnancy loss suggested that Chinese herbal
medicine can effectively enhance estrogen and progestin
levels [7, 8], improve endometrial receptivity [9, 10], and
ultimately influence pregnancy outcomes [11, 12]. BuShen
HuoXue decoction (BSHXD) is an efficacious prescription to
prevent miscarriage in URSA and assist reproduction [13].
Previous studies of its mechanism in rats have provided a
theoretical and practical reference for the comprehensive
roles of BSHXD in angiogenesis, hormone management,
endometrial receptivity, and reproductive outcomes [14].

Pregnancy includes an ongoing balance between im-
mune and inflammatory responses [15]. In the current study,
we found that decidual stromal cells (DSCs) represent the
majority (approximately 70%) of decidual cells. In addition,
these DSCs form the decidua surface [16] and exert multiple
effects during pregnancy [17]. The balance between DSC
apoptosis and proliferation plays a vital role in pregnancy
maintenance, and these DSCs are converted to decidual cells
in preparation for embryo implantation and development
[18]. IL-17 A is crucial in inflammation, autoimmune dis-
eases, and reproduction [19] and was recently confirmed to
be associated with pdT cells [20] and recruited by DSCs [21].
In addition, DSCs were reported to promote trophoblast
proliferation and IL-17 secretion in women with normal
pregnancies [22]. Moreover, DSCs exhibit migration and
chemotaxis involving the PI3K/AKT pathway [23, 24].

In our previous clinical studies, we observed differences
in IL-17A levels in the peripheral sera of NEP and URSA
patients and the abnormal apoptosis of DSCs from URSA
patients [25]. Abnormal upregulation of IL-17A and IL-17R
in the peripheral blood and abnormal apoptosis of DSCs in
URSA patients [26] was attenuated by BSHXD therapy.
Therefore, we hypothesize that BSHXD acts on IL-17A to
ameliorate abnormal apoptosis by regulating the PI3K/AKT
pathway. To further reveal the effects and underlying genetic
pathway of BSHXD in humans, we treated DSCs with serum
containing BuShen HuoXue decoction (BSHXDS) in vitro
and assessed the consequences of BSHXDS treatment on the
proliferation of DSCs, levels of the cytokines IL-17 A/IL-
17R, and changes in PI3K/AKT signal transduction.

2. Materials and Methods

2.1. BSHXDS Preparation. Sprague-Dawley (SD) rats were
obtained from the Animal Laboratory of Heilongjiang
University of Chinese Medicine. Thirty adult female rats
were raised in a specific-pathogen-free environment with a
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12 h light: dark cycle for one week. All procedures involving
rats were approved by the animal ethics committee of the
Heilongjiang University of Chinese Medicine. The com-
position of BSHXD is listed in Table 1. These compounds
were obtained from the First Affiliated Hospital of Hei-
longjiang University of Chinese Medicine (Harbin, China).
BSHXD was decocted with boiling water twice at 100°C for
30 min and sufficiently mixed with donkey-hide glue/gelatin.
The mixed-decoction was centrifuged at 12,000 r/min for
10 min. The remaining serum supernatant was added to a
bottle for analysis. The same method was used to extract the
individual components.

Seven SD rats were divided into two groups, the
BSHXDS group (N =6) and the control serum group (N=1),
and received 0.8 g of BSHXD/100g of body weight or an
equal amount of physiological saline, respectively. These
treatments were administered daily by oral gavage for three
days, and hepatic portal venous blood was collected on the
third day during the last administration of BSHXD for
30min. After centrifugation, collection, filtration, and in-
activation, the remaining serum supernatant was stored at
-80°C.

2.2.  HPLC Analysis of Identified Compounds.
High-performance liquid chromatography (HPLC) was used
to identify the active biomolecules of BSHXDS. First, the
chromatographic peaks of BSHXD and its monomeric
components were compared to select ion peaks. Second, the
ion peaks that were present in the supernatant serum of
BSHXD-treated rats but not in the serum of rats that re-
ceived normal saline were selected. These peaks were further
compared with the ion peaks of BSHXD in vitro to confirm
the effective components of BSHXDS in blood and to cal-
culate the time points corresponding to the most effective
components. Enkephalin contrast solution leucine-en-
kephalin (concentration 1 ng/ml) was applied at 20 yl/min.
Detailed conditions are described in Table 2.

2.3. Study of Tissue Samples and Cell Culture. Clinical
samples from patients aged 18 to 30 years were collected
from The First Affiliated Hospital of Heilongjiang University
of Chinese Medicine in China between June 2017 and Feb
2018. Tissues were collected from 10 cases of normal early
pregnancy (NEP) (women who have a history of pregnancy
and childbirth and no history of spontaneous abortion) and
10 cases of unexplained recurrent spontaneous abortion
(URSA) between eight and ten weeks of gestation. None of
the embryos had chromosomal abnormalities. None of the
patients had taken any medicine. All sample collection and
experimental setup protocols were permitted by the Ethics
Committee of the First Affiliated Hospital of Heilongjiang
University of Chinese Medicine.

DSCs isolated from the tissues were cultured in vitro as
follows. Decidual tissues were washed and fragmented in
PBS (HyClone, USA). Collagenase IV and DNase I (1:25)
were used to digest the samples for 30 min at 37°C in a water
bath with agitation (40-60 rpm/min). After centrifugation at
1,200 r/min for 10 min, the cells were suspended in DMEM/
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TaBLE 1: The composition of BSHXD.

Crude herb Scientific name Content (g)
Radix salviae miltiorrhizae Salvia miltiorrhiza Bunge 15
Chinese Dodder Seed Cuscuta chinensis Lam 15
Himalayan Teasel Root Dipsacus asperoides C. Y. Cheng et T. M. Ai 15
Herba taxilli Taxillus chinensis (DC.)Danser 15
Radix Astragali Astragalus membranaceus (Fisch.) Bge. 15
Donkey-hide Glue Equus asinus Linnaeus 10

TasLE 2: HPLC conditions.

Time Speed A% B%
0 0.4 2 98
6 0.4 8 92
9 0.4 35 65
10 0.4 40 60
12 0.4 70 30
15 0.4 100 0

F12 (HyClone, USA) (containing 10% FBS (Gibco-BRL,
USA) and 1% Tri-antibody) medium. The medium was
covered with Percoll and centrifuged at 2,000 r/min for
20 min. The cells were washed and resuspended in DMEM/
F12 and maintained in 5% CO, atmosphere at 37°C. The
adherent cells after overnight culture were purified. The
medium was replenished every two to three days.

2.4. Apoptosis and CCK-8 Assay. DSCs were washed with
PBS, digested with trypsin at 37°C for 1 min, and centrifuged
(1,500 r/min) for 7 min. After resuspension, the cells were
counted and centrifuged. Oneyul of PE (BD Bioscience,
China) and 2.5 yml of 7-ADD were added, except for the
control cells, and cells were incubated away from light for
15 min. Diluted binding buffer (400 ul) was added to each
tube before analysis. All steps were completed in 30 min and
repeated three times. The apoptosis rate was determined by
flow cytometry.

DSCs were incubated in a 96-well plate (1x104 cells/well)
and cultured for 72h after the addition of DMEM/F12
medium. CCK-8 reagent (Weiao Biotechnology, China) was
added to the different groups at various concentrations. The
reagent was mixed with DMEM/F12 at a ratio of 1:9, and
then 100 pl of the solution was quickly added to each well
after mixing. The plate was incubated at 37°C for 1-4h, and
the OD value of each well was detected at 450 nm.

2.5. Experimental Scheme and Drug Administration. For the
subsequent drug intervention, recombinant human IL-17A
(Peprotech, USA) cytokines were dissolved in PBS containing
5% trehalose for storage, and the experimental concentration
gradients were set at 0, 10, 20, 30, 40, and 50 pg/ml. The PI3K
pathway inhibitor LY294002 (Merck Millipore, Germany) was
prepared at a storage concentration of 10 mM, and the ex-
perimental concentration gradients were 0, 1, 10, 25, and 50 4 M.
The control group of cells received normal saline. Different
concentrations of RhIL-17A, LY294002, and BSHXD were

individually or simultaneously administered in NEP or URSA
DSCs.

The concentration gradient of the drug intervention
group was as follows: 10% control, 7.5% control+2.5%
BSHXDS, 5% control +5% BSHXDS, 2.5% control +7.5%
BSHXDS, and 10% BSHXDS. All of the URSA samples were
incubated for 72 h, and the inhibitors were added to the cells
at 1 h before rhIL-17A.

2.6. RNA Isolation and qRT-PCR Analysis. Total RNA was
isolated from DSCs in a 96-well plate (5x10° cells/well).
After treatment with BSHXDS for 72h. RNAiso Plus
(TaKaRa Biotechnology, Japan) was used to extract RNA
from the cell medium according to the manufacturer’s
recommendation. A nucleic acid/protein analyzer was used
to measure the concentration and purity of the RNA. cDNA
synthesis was performed with PrimeScript RT Master mix
(TaKaRa Biotechnology, Japan) in a reaction volume of 10 ul
when a suitable RNA concentration and purity were
achieved. SYBR Premix Ex Taq (TaKaRa Biotechnology,
Japan) was performed for quantitative real-time PCR (qRT-
PCR) analysis following the manufacturer’s instructions.
The reverse transcription reaction conditions were as fol-
lows: 30's at 95°C, 40 cycles of 5s at 95°C, and 30s at 60°C.
The sequences of primer pairs are shown in Table 3.

2.7. Western Blotting. DSCs were cultured in a 6-well plate
(1 x 10° cells/well). Protein was extracted from NEP and
URSA DSCs. The protein level of PI3K and p-AKT was
measured. Then, rhIL-17A was added at 10, 20, 30, 40, 50,
or 60 min before protein extraction. Protein extraction
scheme was followed. Cell lysates were prepared and
quantified. Equivalent amounts of protein samples were
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) (EpiZyme Scientific,
USA). The proteins were transferred onto PVDF mem-
branes. PVDF membranes were blocked with 5% nonfat
dry milk at room temperature, and anti-GAPDH, anti-
PI3K, anti-AKT1, and anti-p-AKT (Cell Signaling
Technology, USA) antibodies were added to primary
antibody dilution buffer and incubated at 4°C overnight.
The membranes were then washed with TBST three times
for 5min each. Secondary antibody (Bioworld Technol-
ogy, China) was added to dilution buffer and incubated
for 1h, and the membrane was washed with TBST three
times for 15 min before visualization. Anti-GAPDH was
used as the control.
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TABLE 3: Primer pairs.
Gene Prime sequence (5'-3")
GAPDH forward ACAGTCAGCCGCATCTTC
primer
GAPDH reverse CTCCGACCTTCACCTTCC
primer
IL-17A forward TAGACTATGGAGAGCCGACC
primer
IL-17A reverse GGCAGAACTGATAATAGTGC
primer
IL-17RAforward AGGTCCAGCCCTTCTTCAGCA
primer
[L-17RA reverse GCTTGGGAACTGTGGTATTTGA
primer
PI3K forward GGGGATGATTTACGGCAAGATA
primer
PI3K reverse primer ~ CACCACCTCAATAAGTCCCACA
AKT forward TGAGAGAAGCCACGCTGTC
primer
AKT reverse primer CGGAGAACAAACTGGATGAA
PAKT forward GCAGCACGTGTACGAGAAGA
primer
PAKT reverse GGTGTCAGTCTCCGACGTG
primer
PTEN forvard AGACCATAACCCACCACAGC
primer
PTEN reverse ACACCAGTTCGTCCCTTTCC
primer
Bel-xL. forward AATGTCTCAGAGCAACCGGG
primer
Bel-xL reverse AGTGGCTCCATTCACCGC
primer
Eﬁgeiorward GGAATTCCATGTTCCAGATCCCAGA

BAD reverse primer CTCGAGCTACTGGGAGGGGGCGG

2.8. Statistical Analysis. All experimental results are pre-
sented as the mean + standard error of the mean and were
analyzed by SPSS 21.0 software (SPSS Inc. Chicago, IL,
USA). Different groups were compared by one-way analysis
of variance (ANOVA). The independent-sample -test was
used for comparisons between groups. A p value < 0.05 was
considered statistically significant.

3. Results

3.1. Identification of Twelve Compounds in BSHXDS by HPLC
Analysis. To compare the different chromatographic peaks
of BSHXD, Chinese herbal medicine monomers, and
BSHXDS, we collected BSHXDS at 30 min and identified 12
compounds from 75 (Figure 1). Twelve drug prototype
compounds were identified in the blood, as shown in Table 4.

3.2. Abnormal Apoptosis of DSCs in URSA. The morphology
of DSCs was observed by electron microscopy, as shown in
Figure 2(a) and 2(b), revealing more irregularly spindle-
shaped, poorly shaped, and unsaturated cells and cell
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fragments in the DSCs of URSA compared with NEP-
derived DSCs. Flow cytometric analysis was used to cal-
culate the apoptosis rate of DSCs at the early stage of
apoptosis as shown in Figures 2(c) and 2(d). The apoptosis
rate of DSCs in URSA (5.20%) was higher than that of DSCs
in NEP (2.55%) at the early stage (p <0.01) (Figure 2(c)
Q3).

There were still a few apoptotic cells at the early stage of
apoptosis in NEP DSCs (Figure 2(a)), and the NEP DSCs had
an even higher apoptotic ratio (5.86%) than URSA DSCs
(2.66%) (Figure 2(c), Q2). It is possible that some of the
DSCs extracted from the decidual tissue after curettage had
died. Moreover, an increased percentage of viable cells in the
same culture bottle and the same electron microscope field
indicated faster apoptosis.

3.3. rhIL-17A and LY294002 Regulate Proliferation in DSCs
via PI3K/AKT Signaling. In this study, we hypothesized
that IL-17A ameliorates abnormal apoptosis by regulating
PI3K/AKT pathway. The cell proliferation index of DSCs
in NEP and URSA induced by rhIL17-A is shown in
Figure 3(a) and 3(b), among which the percentage of
30ng/ml rhIL17-A was significantly different in cell
proliferative index compared to the control (p<0.01)
(p<0.001). To determine whether PI3K/AKT signaling
could affect the proliferation of DSCs in vitro, the cell
proliferative index of DSCs in NEP induced by LY294002
(a PI3K pathway inhibitor) was subsequently measured.
As shown in Figure 3(c), treatment with 10 uM LY294002
resulted in the lowest cell proliferation index (p <0.001).
In addition, we detected the activated p-Akt in URSA
DSCs (Figure 3(e)).

We then stimulated NEP DSCs with rhIL-17A (30 ng/
ml), and western blot analysis indicated that rh-IL-17A
could activate the PI3K/AKT signaling pathway
(Figure 3(f)). Compared to that in the control group, rhIL-
17A significantly promoted the proliferation index of NEP
DSCs (p<0.05) (Figure 3(a)) and URSA (p<0.001)
(Figure 3(b)), whereas LY294002 significantly decreased the
cell proliferation index of NEP DSCs (p<0.001)
(Figure 3(c)). However, the suppressive influence of
LY294002 could not be reversed by rhIL-17A (p>0.05)
(Figure 3(d)).

3.4. BSHXDS Promotes the Proliferation of DSCs in URSA.
Since rhIL-17A regulates in DSC proliferation via PI3K/
AKT signaling, we conducted CCK-8 cell proliferation
assays to assess the effect of BSHXDS on the proliferation of
DSCs in URSA. IL-17A expression and PI3K/AKT signaling
were altered following treatment with BSHXDS at various
concentrations for 72 h, as described previously. As shown
in Figure 4, 5% control +5% BSHXDS treatment obviously
restored the proliferative activity of DSCs in URSA
(Figure 4(a)) (p<0.01). This effect did not excessively
stimulate the proliferation of DSCs after the addition of
rhIL-17A (Figure 4(b)) (p > 0.05). No obvious difference in
proliferation was found between DSCs treated with
BSHXD, LY294002+BSHXD, compared with control
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Figure 1: The HPLC fingerprints of BSHXDS components: (1) linoleic acid; (2) quercetin-3-O-a-L-rhamnopyranoside; (3) loganic acid 6'-
O-pB-D-glucoside; (4) kaempferol; (5) tanshinol B; (6) 2-(1-methyl-2-hydroxyethyl)-3-hydroxy-8-methylphenanthrene-1,4-dione; (7)
hydroxytanshinone II A; (8) isotanshinone III; (9) tanshinone II B; (10) 15,16-dihydrotanshinone I; (11) diisobutyl phthalate; (12) tan-

shinone II A.

DSCs, confirming that BSHXDS eliminated the effects of
inhibitors and reactivated PI3K/AKT signaling (p > 0.05).
Furthermore, no significant difference was also found
between DSCs treat with BSHXD, rh-IL-17A + BSHXD,
compared to those treated with rh-IL-17A, suggesting that
BSHXD restored cell proliferation without excessive

stimulation (p >0.05). A difference in the proliferation of
DSCs in the LY294002 + BSHXDS and
LY294002 + BSHXDS + rhIL-17A groups was also ob-
served, indicating that BSHXDS eliminated the effect of
LY294002 and recovered the effect of IL-17A in promoting
the proliferation of DSCs (Figure 4(b)).
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TaBLE 4: Twelve compounds identified in BSHXDS by HPLC Analysis.

NO Compound Quality Retention time (min)
1. Linoleic acid 280.2402 7.27
2. Quercetin-3-O-a-L-rhamnopyranoside 448.1006 7.52
3. Loganic acid 6’-O-B-D-glucoside 538.1898 7.57
4. Kaempferol 286.0477 10.12
5. Tanshinol B 296.1049 10.3
6. 2-(1-Methyl-2-hydroxyethyl)-3-hydroxy-8-methylphenanthrene-1,4-dione 296.1049 11.2
7. Hydroxytanshinone II A 310.1205 11.6
8. Isotanshinone III 296.1412 12.05
9. Tanshinone II B 296.1412 12.87
10. 15,16-Dihydrotanshinone I 278.0943 13.12
11. Diisobutyl phthalate 278.1518 13.29
12. Tanshinone 1T A 294.1256 13.48
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F1Gure 2: The morphology of DSCs in NEP (a) and URSA (b) under electron microscope. Flow cytometry showed a PE antibody-positive
region in Q3 at the early stage (c). The apoptosis rate of DSCs in URSA (5.20%) and NEP (2.55%) (d). **p <0.01.

3.5. BSHXDS Effects on IL-17A/IL-17RA via PI3K/AKT Signal
Transduction. All the previously mentioned results show the
potential role of IL-17A in regulating PI3K/AKT signal
transduction. Quantitative real-time fluorescence PCR
showed that the downregulated expression levels of IL-17A/
IL-17RA in URSA DSCs were upregulated to varying degrees
after BSHXDS treatment for 72 h (Figure 5(a) and 5(b)). We

therefore investigated changes in the expression of the
molecules PI3K, AKT, p-AKT, PTEN, Bcl-xL, ACT1, Bcl-2,
and BAD in the PI3K/AKT pathway.

The downregulated levels of cytokines in the PI3K/AKT
pathway (PI3K, AKT, p-AKT, PTEN, Bcl-xL, ACT1, and Bcl-
2) were increased after BSHXDS administration (p <0.01,
Pp<0.001) (Figures 5(c)-5(g) and 5(j)). The expression level
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**p<0.01; ns, p>0.05.
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FIGURE 5: Real-time PCR was performed to assess the relative expression of IL-17A (a), IL-17RA (b), PI3K (c), AKT (d), p-AKT (e), PTEN
(), Bel-xl (g), BAD (h), ACT1 (i), and Bcl-2 (j) after treatment with BSHXD for 72h (* p <0.05, **p <0.01, and ***p <0.001).

of the antiapoptotic molecule Bcl-xL was increased when
this pathway was activated, while the expression level of the
proapoptotic molecule BAD was decreased (p<0.01,
p<0.001) (Figure 5(g)). We concluded that these cytokines
helped regulate the PI3K/AKT pathway to restore the
proliferative ability of DSCs.

4. Discussion

URSA occurs in 5% of couples, and the failure of a clinically
detectable pregnancy usually occurs within the first 20 weeks
after conception. Due to its indeterminate etiology and the
lack of evidence-based diagnostic and systematic treatment
strategies, URSA is a growing reproductive disorder that
seriously endangers the physical and mental health of patients
and challenges clinicians. The BuShen HuoXue method was
first described by Professor Zhang Daning, which originated
from Huangdi’s Internal Classic, was developed by Zhang
Zhongjing, and finally refined by Zhang Jingyue and Wang
Qingren. Kidney essence, qi, and blood in the reproductive
system provide substance, direction, and energy. Drugs in
herbal medicines reinforce the kidney and activate blood
circulation, which are similar to endocrine hormones. They
not only play a direct role in ovarian function but also regulate
immunomodulatory function. Furthermore, these drugs
promote follicular development, ovulation, and luteal for-
mation and growth, supplement estrogen and progesterone
[27], and improve uterine receptivity [28].

Apoptosis is a form of programmed cell death required
to remove infected, damaged, and unwanted cells, to assist
cells in maintaining a balance between development and
aging and to regulate the number of cells in tissues [29,30].
The BCL-2 family of proteins includes survival-promoting
region restrictors (Bcl-2, Bcl-xL) and upstream markers of
BH3 in individual apoptosis-promoting regions (Bid, Bim,
BAD, etc.). These proteins regulate cell survival and pro-
liferation in the mitochondrial apoptosis pathway [31].
PI3K/AKT signal transduction is a classic mitochondrial
apoptosis pathway involved in cell survival and prolifera-
tion regulation. It not only regulates apoptosis by inhibiting
FKHR, NF-xB, YAP, and BAD [32] but also contributes to
AKT/PKB signal transduction by activating p-AKT [33,34].
AKT also regulates cell survival by directly inhibiting
proapoptotic signals, such as BAD [35], and by phos-
phorylating PIP2, producing PIP3. PIP3, which is located in
the membrane, activates AKT to produce p-AKT. However,
PTEN can antagonize p-AKT by dephosphorylating PIP3,
producing PIP2 [36]. LY294002 significantly inhibits the
activity of PI3K and thus decreases the activity of PIP3 and
p-AKT [37]. In healthy cells, p-AKT inhibits apoptotic
signals and the proapoptotic protein BAD [38]. IL-17A, a
proinflammatory factor that can induce an abnormal re-
spiratory neutrophil response to antigen stimulation [39],
is associated with a variety of inflammatory states, such as
those in autoreactive diseases [40], metabolic abnormali-
ties, and cancer [41]. Pathological products of IL-17A can
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lead to excessive inflammation and significant tissue
damage [42]. Animal experiments in a typical model of
URSA (CBA/] x*DBA/2 mice) revealed that IL-17 injection
into the middle abdomens of normal pregnant mice in-
creased the abortion rate, whereas injection of IL-17-
neutralizing antibody decreased the abortion rate. Obvi-
ously, circulating IL-17 can induce abortion to some extent
[43]. Under the stimulation of IL-17, ACT1 was recruited to
IL-17R through the interaction of SEFIR-SEFIR region to
activated pathway.

In NEP DSCs, rhIL-17A stimulated the proliferation of
DSCs. First, we treated NEP DSCs with LY294002 and
observed that cell proliferation was attenuated. The inhib-
itory effects of LY294002 on proliferation were not restored
when rhIL-17A was added, indicating that IL-17A functions
through the PI3K/AKT pathway. Next, we detected the
protein levels of PI3K and p-AKT after stimulation with
rhIL-17A by western blotting, which further demonstrated
that the PI3K/AKT signaling pathway plays a role in DSC
proliferation. Finally, treatment of NEP DSCs with BSHXD
did not affect proliferation, confirming the safety of BSHXD.
In addition, abnormal downregulated level of IL-17 A/IL-
17RA and the activated p-Akt protein in URSA DSCs was
observed. Therefore, We detected IL-17A, ACTI, and IL-
17RA and PI3K/AKT related factors to ascertain the effects
of BSHXD via IL-17 A/IL-17RA on PI3K/AKT pathway in
URSA DSCS. As shown in Figure 4, BSHXD eliminated the
inhibitory effects of LY294002 and restored IL-17A-medi-
ated activation in URSA DSCs. To further determine
whether BSHXD and IL-17A have a synergistic influence on
the proliferation of DSCs via the PI3K/AKT pathway, we
performed real-time PCR to determine the mRNA levels of
IL-17 A/IL-17RA, ACT1, PI3K, AKT/p-AKT, PTEN, Bcl-xL,
Bcl-2, and BAD.

The mRNA expression levels of PI3K, p-AKT, and
PTEN, members of PI3K/AKT pathway, were lower in
URSA DSCs than in NEP DSCs. A downward trend in the
expression of AKT was observed, but the difference in AKT
expression did not reach significance. BSHXD upregulated
the expression of PI3K, p-AKT, and PTEN. Interestingly,
PTEN, an inhibitor of p-AKT, should have been expressed at
low levels, but we found that BSHXD upregulated PTEN to
the same level in URSA DSCs and NEP DSCs. These results
indicate that proliferation requires bidirectional regulation
because excessive proliferation, such as that due to tumor-
like changes, should be as harmful to pregnancy as insuf-
ficient proliferation. Bcl-xL and BAD, which regulate apo-
ptosis, are located downstream of the PI3K/AKT signaling
pathway. Activation of the PI3K/AKT signaling pathway can
promote Bcl-xL expression and inhibit BAD activation.
Abnormally elevated BAD and downregulated Bcl-xL levels
were observed in URSA DSCs, and BSHXD was shown to
regulate both PI3K/AKT and Bcl-xL. Low BAD levels pro-
moted DSC proliferation and inhibited apoptosis. Down-
regulation of the mRNA levels of BAD and upregulation of
the mRNA levels of IL-17 A/IL-17RA, PI3K, AKT/p-AKT,
PTEN, and Bcl-xl confirmed the synergistic effects of
BSHXD and IL-17A on DSC proliferation. We therefore
concluded that BSHXD may play a therapeutic role in URSA

by upregulating the expression of IL-17RA and activating
the PI3K/AKT pathway in DSCs.

Although our present study successfully identified twelve
chemical compounds in BSHXD and confirmed their sys-
temic effects, few studies of the critical effects of these
compounds have been performed. Notably, IL-17A at a
30 ng/ml concentration had immunomodulatory effects on
the maternal-fetal interface, but we did not confirm these
effects. We can refer only to previous reports, which showed
that IL-17 (20 ng/ml) increases the secretion of IL-6 and IL-
8, inducing rheumatoid arthritis (RA) [44], and has im-
munomodulatory effects on multiple sclerosis (MS) [45]. In
addition, whether BSHXD affects IL-17A/IL-17RA via PI3K/
AKT signaling in diverse decidual immune cells (DICs),
especially 8 T cells, to maintain pregnancy and the potential
mechanism of this effect remains unknown. Through further
experiments, we will explore the most active compounds in
BSHXD, the compatibility of BSHXD components, and the
interaction of BSHXD with DICs. However, in vitro research
is still needed to support the application of BSHXDS as a
possible remedy for URSA.

5. Conclusion

In conclusion, this work identified twelve compounds in
BSHXD by chromatographic analysis and demonstrated
that administration of BSHXD restored cell proliferation
without excessive stimulation and had an effect on IL-17 A/
IL-17RA via the PI3K/AKT signaling pathway. In brief,
BSHXDS inhibits the excessive secretion of IL-17A and
inflammatory effects to regulate immunity at mater-
nal-fetal interface, activate the PI3K/AKT pathway in
DSCs, promote the proliferation of DSCs, and ultimately
prevent abortion.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

There are no conflicts of interest regarding the submission of
this manuscript.

Authors’ Contributions

Xiaoling Feng conceived the study and designed all of the
experiments. Xiaoling Feng, Yang Zhang, and Ling Wang
(Obstetrics & Gynecology Hospital of Fudan University)
supervised the progress of the research and coordinated all
of the procedures of this study. Sha Jiang and Lu Chen
performed the animal experiments. Yang Zhang and Ling
Wang (The Eighth Clinical Medical College of Beijing
University of Chinese Medicine, Xiamen, China) were re-
sponsible for the data analysis. Xiaoling Feng and Sha Jiang
wrote the paper. All authors participated and cooperated in
this work.



10

Acknowledgments

This work was supported by grants from the National
Natural Science Foundation of China (nos. 81574014,
81973894, 31571196, and 30801502), the Heilongjiang
University of Traditional Chinese Medicine “Supporting
Plan for Excellent Innovative Talents” (nos. 2018RCL12),
China Postdoctoral Science Foundation (nos.
2019M661320), the Program to Guide Medicine (“Yix-
ueyindao”) of the Shanghai Municipal Science and Tech-
nology Commission (nos. 18401902200 and 15401932200),
the Shanghai Program for Support of Leading Disciplines-
Integrative Medicine (nos. 20180101 and 20150407), the
Research Foundation (“CR Sanjiu”) of Obstetrics and Gy-
necology Committee of the Chinese Association of Inte-
grated Traditional Chinese and Western Medicine
(CRI901FCO010), the Shanghai Committee of the China
Democratic League (nos. 02054), the FY2008 JSPS Post-
doctoral Fellowship for Foreign Researchers (no. P08471),
and the Shanghai Pujiang Program (nos. 11PJ1401900).

Supplementary Materials

Appendix I: The chromatographic peaks of individual
components of BSHXD in the positive and negative ion
modes. (Supplementary Materials)

References

[1] C. B. Coulam, “Epidemiology of recurrent spontaneous
abortion,” American Journal of Reproductive Immunology,
vol. 26, no. 1, pp. 23-27, 1991.

[2] M. Sugiura-Ogasawara, Y. Ozaki, and N. Suzumori, “Man-
agement of recurrent miscarriage,” Journal of Obstetrics and
Gynaecology Research, vol. 40, no. 5, pp. 1174-1179, 2014.

[3] J. L. Simpson, “Causes of fetal wastage,” Clinical Obstetrics
and Gynecology, vol. 50, no. 1, pp. 10-30, 2007.

[4] S.Lv,]J. Yu, and X. Xu, “A comparison of effectiveness among
frequent treatments of recurrent spontaneous abortion: a
Bayesian network meta-analysis,” Am ] Reprod Immunol,
vol. 80, Article ID 12856, 2018.

[5] B. Toth, U. Jeschke, N. Rogenhofer et al., “Recurrent miscar-
riage: current concepts in diagnosis and treatment,” Journal of
Reproductive Immunology, vol. 85, no. 1, pp. 25-32, 2010.

[6] Z. Wang, F. Qi, Y. Cui et al,, “An update on Chinese herbal
medicines as adjuvant treatment of anticancer therapeutics,”
Bioscience Trends, vol. 12, no. 3, pp. 220-239, 2018.

[7] S. Saito, A. Nakashima, T. Shima, and M. Ito, “Th1/Th2/Th17
and regulatory T-cell paradigm in pregnancy,” American
Journal of Reproductive Immunology, vol. 63, no. 6, pp. 601-
610, 2010.

[8] Y. Zhang, ]. Wang, C. Zuo et al., “Protective effect of taohong
siwu decoction on abnormal uterine bleeding induced by
incomplete medical abortion in rats during early pregnancy,”
Chemical and Pharmaceutical Bulletin, vol. 66, no. 7,
pp. 708-713, 2018.

[9] X. Y. Chen, J. Chen, Z. Y. Wang, X. H. Yu, B. X. Wei, and
X. H. Wu, “Effects of modified Shoutaiwai recipe on integrin
B3 and leukemia-inhibitory factor in endometrium of con-
trolled ovarian hyperstimulation mice during the implanta-
tion window,” Genetics and Molecular Research, vol. 14, no. 2,
pp. 2970-2977, 2015.

Evidence-Based Complementary and Alternative Medicine

[10] N. Yu, J. Yang, and T. Yin, “Extracts from a traditional
Chinese herbal remedy (Zhuyun recipe) improve endometrial
receptivity in mice with embryonic implantation dysfunction
and ovulation stimulation,” Journal of Ethnopharmacology,
vol. 137, no. 1, pp. 389-395, 2011.

[11] R. L. Hullender, D. Cantor, and B. L. Marx, “Recurrent
pregnancy loss and traditional Chinese medicine,” Medical
Acupuncture, vol. 25, pp. 232-237, 2013.

[12] L. E. Hullender Rubin, M. S. Opsahl, K. E. Wiemer, S. D. Mist,
and A. B. Caughey, “Impact of whole systems traditional
Chinese medicine on in-vitro fertilization outcomes,” Re-
productive Biomedicine Online, vol. 30, no. 6, pp. 602-612,
2015.

[13] X. Gong, Y. Yu, Q. Tong et al., “Effects of “bu shen huo xue
decoction” on the endometrial morphology and expression of
leukaemia inhibitory factor in the rat uterus during the
oestrous cycle,” Evidence-based Complementary and Alter-
native Medicine, vol. 2013, Article ID 496036, , 2013.

[14] J. Ding, X. Tan, K. Song et al., “Bushen huoxue recipe alle-
viates implantation loss in mice by enhancing estrogen-
progesterone signals and promoting decidual angiogenesis
through FGF2 during early pregnancy,” Frontiers in Phar-
macology, vol. 9, p. 437, 2018.

[15] H.-L. Piao, Y. Tao, R. Zhu et al., “The CXCL12/CXCR4 axis is
involved in the maintenance of Th2 bias at the maternal/fetal
interface in early human pregnancy,” Cellular & Molecular
Immunology, vol. 9, no. 5, pp. 423-430, 2012.

[16] G.E.Lashand]. Ernerudh, “Decidual cytokines and pregnancy
complications: focus on spontaneous miscarriage,” Journal of
Reproductive Immunology, vol. 108, pp. 83-89, 2015.

[17] M. S. van Mourik, N. S. Macklon, and C. J. Heijnen, “Em-
bryonic implantation: cytokines, adhesion molecules, and
immune cells in establishing an implantation environment,”
Journal of Leukocyte Biology, vol. 85, pp. 4-19, 2009.

[18] B. Gellersen and J. J. Brosens, “Cyclic decidualization of the
human endometrium in reproductive health and failure,”
Endocrine Reviews, vol. 35, no. 6, pp. 851-905, 2014.

[19] S. Saito, A. Nakashima, M. Ito, and T. Shima, “Clinical im-
plication of recent advances in our understanding of IL-17
and reproductive immunology,” Expert Review of Clinical
Immunology, vol. 7, no. 5, pp. 649-657, 2011.

[20] B. Polese, V. Gridelet, S. Perrier d’'Hauterive et al., “Accu-
mulation of IL-17+ Vy6+ yd T cells in pregnant mice is not
associated with spontaneous abortion,” Clinical & Transla-
tional Immunology, vol. 7, no. 1, p. e1008, 2018.

[21] R.-Q. Chang, J. Shao, Y.-H. Meng et al., “Decidual RANKL/
RANK interaction promotes the residence and polarization of
TGF-f1-producing regulatory yd T cells,” Cell Death Disease,
vol. 10, p. 113, 2019.

[22] H.-X. Wu, L.-P. Jin, B. Xu, S.-S. Liang, and D.-]. Li, “Decidual
stromal cells recruit Th17 cells into decidua to promote
proliferation and invasion of human trophoblast cells by
secreting IL-17,” Cellular & Molecular Immunology, vol. 11,
no. 3, pp. 253-262, 2014.

[23] D. Gentilini, A. Besana, P. Vigano et al., “Endocannabinoid
system regulates migration of endometrial stromal cells via
cannabinoid receptor 1 through the activation of PI3K and
ERK1/2 pathways,” Fertility and Sterility, vol. 93, no. 8,
pp. 2588-2593, 2010.

[24] M. Schwenke, M. Knofler, P. Velicky et al., “Control of human
endometrial stromal cell motility by PDGF-BB, HB-EGF and
trophoblast-secreted factors,” PloS one, vol. 8, no. 1, p. €54336,
2013.


http://downloads.hindawi.com/journals/ecam/2020/6868470.f1.pdf

Evidence-Based Complementary and Alternative Medicine

[25] W. L. ZhangYang and Na LI, “Feng xiao-ling “effects of
bushen huoxue decoction on TNFR1 and PI3K/Bcl-xl in
decidua cells in URSA mice,” China Journal of Traditional
Chinese Medicine and Pharmacy, vol. 32, pp. 768-771, 2017.
J. Qian, N. Zhang, J. Lin et al., “Distinct pattern of Th17/Treg
cells in pregnant women with a history of unexplained re-
current spontaneous abortion,” Bioscience Trends, vol. 12,
no. 2, pp. 157-167, 2018.

C.-L Tang, F. Li, L. Sun, and D.-j. Li, “Therapeutic effect of

Bushen Huoxue Recipe (¥M&3EMJT) on autoimmune pre-

mature ovarian failure mice established by immunization with

recombinant porcine zona pellucida 4 antigen,” Chinese

Journal of Integrative Medicine, vol. 19, no. 6, pp. 439-445,

2013.

[28] K. Ma, Y. F. Liu, J. Q. He et al., “A multi-center, randomized,
double-blind clinical study on Bushen Huoxue in treatment of
ovulatory dysfunction caused infertility,” Zhongguo Zhong
Yao Za Zhi, vol. 40, pp. 3911-3915, 2015.

[29] S. Elmore, “Apoptosis: a review of programmed cell death,”
Toxicologic Pathology, vol. 35, no. 4, pp. 495-516, 2007.

[30] S. O. Kim, H.-J. Cha, C. Park et al., “Cordycepin induces
apoptosis in human bladder cancer T24 cells through ROS-
dependent inhibition of the PI3K/Akt signaling pathway,”
Bioscience Trends, vol. 13, no. 4, pp. 324-333, 2019.

[31] J. M. Adams and S. Cory, “The Bcl-2 apoptotic switch in
cancer development and therapy,” Oncogene, vol. 26, no. 9,
pp. 1324-1337, 2007.

[32] G. Song, G. Ouyang, and S. Bao, “The activation of Akt/PKB
signaling pathway and cell survival,” Journal of Cellular and
Molecular Medicine, vol. 9, no. 1, pp. 59-71, 2005.

[33] S. Bao, G. Ouyang, X. Bai et al., “Periostin potently promotes
metastatic growth of colon cancer by augmenting cell survival
via the Akt/PKB pathway,” Cancer Cell, vol. 5, no. 4,
pp. 329-339, 2004.

[34] H.-G. Wendel, E. d. Stanchina, J. S. Fridman et al., “Survival
signalling by Akt and eIF4E in oncogenesis and cancer
therapy,” Nature, vol. 428, no. 6980, pp. 332-337, 2004.

[35] X. Zhang, N. Tang, T. J. Hadden, and A. K. Rishi, “Akt, FoxO
and regulation of apoptosis,” Biochimica et Biophysica Acta
(BBA) - Molecular Cell Research, vol. 1813, no. 11, pp. 1978-
1986, 2011.

[36] V. Stambolic, A. Suzuki, J. L. de la Pompa et al., “Negative
regulation of PKB/Akt-dependent cell survival by the tumor
suppressor PTEN,” Cell, vol. 95, no. 1, pp. 29-39, 1998.

[37] M. P. Wymann, M. Zvelebil, and M. Laffargue, “Phosphoi-
nositide 3-kinase signalling - which way to target?” Trends in
Pharmacological Sciences, vol. 24, no. 7, pp. 366-376, 2003.

[38] L.Smeenk, S.J. van Heeringen, M. Koeppel et al., “Role of p53
serine 46 in p53 target gene regulation,” PloS One, vol. 6,
Article ID el17574, 2011.

[39] R. K. Singh, K. M. Lee, I. Vujkovic-Cvijin et al., “The role of
IL-17 in vitiligo: a review,” Autoimmunity Reviews, vol. 15,
no. 4, pp. 397-404, 2016.

[40] F. Maione, “Commentary: IL-17 in chronic inflammation:
from discovery to targeting,” Frontiers in Pharmacology,
vol. 7, p. 250, 2016.

[41] C.Xu, K. Hao, L. Yu, and X. Zhang, “Serum interleukin-17 as
a diagnostic and prognostic marker for non-small cell lung
cancer,” Biomarkers, vol. 19, no. 4, pp. 287-290, 2014.

[42] C. Gu, L. Wu, and X. Li, “IL-17 family: cytokines, receptors
and signaling,” Cytokine, vol. 64, no. 2, pp. 477-485, 2013.

[43] W.-M. Xu, Z.-N. Xiao, X.-B. Wang, and Y. Huang, “IL-17
induces fetal loss in a CBA/JXBALB/c mouse model, and an
anti-IL-17 antibody prevents fetal loss in a CBA/] xDBA/2

[26

[27

(44]

(45]

11

mouse model,” American Journal of Reproductive Immunol-
ogy, vol. 75, no. 1, pp. 51-58, 2016.

L. Fang, S. Li-Jun, W. Xiu-Hua et al., “The role of Actl, a NF-
xB-activating protein, in IL-6 and IL-8 levels induced by IL-17
stimulation in SW982 cells,” Pharmaceutical Biology, vol. 51,
pp. 1444-1450, 2013.

N. Sanadgol, F. Golab, Z. Tashakkor et al., “Neuroprotective
effects of ellagic acid on cuprizone-induced acute demye-
lination through limitation of microgliosis, adjustment of
CXCL12/IL-17/IL-11 axis and restriction of mature oligo-
dendrocytes apoptosis,” Pharmaceutical Biology, vol. 55, no. 1,
pp. 1679-1687, 2017.



