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Abstract: The role of the calcifying nanoparticles (CNPs)
in the calcification process of the outer cyst wall in
hepatic cystic echinococcosis (HCE) remains unknown.
CNPs were isolated from the tissues of the patients with
HCE. Western blotting, alkaline phosphatase staining,
and alizarin staining were performed to detect the cel-
lular calcium ion deposition induced by the CNPs. CCK-
8 and flow cytometry assays were conducted to determine
the effect of CNPs on the apoptosis of mesenchymal stem
cells (MSCs). Western blot experiments were performed to
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examine the expression levels of apoptosis-related fac-
tors and TGF-B1/Smad signaling pathway constituents.
Treatment with CNPs induced the differentiation of MSCs.
Calcium-related proteins, including OPN, BMP-2, and RUNX2,
were upregulated after the CNP treatment. Similarly, CNP expo-
sure increased the cellular calcium ion deposition in MSCs. In
addition, the expression of Bax and Caspase-8 was elevated by
the CNPs in MSCs. Treatment with CNPs promoted MSC apop-
tosis and inhibited the MSC growth. The TGF-1/Smad sig-
naling pathway was also activated after the CNP treatment.
This study indicated that CNPs may play a critical role in initi-
ating calcification of the outer cyst wall of HCE and promote the
decay of echinococcosis, providing a new strategy for the treat-
ment of hepatic echinococcosis.
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1 Introduction

Hepatic echinococcosis (HE) is a parasitic disease affecting
humans and animals. Hepatic cystic echinococcosis (HCE)
is caused by an infection with Echinococcus granulosus in
the liver [1], and this parasite accounts for more than 90%
of all the HCE cases, threatening animal husbandry and
human health [2,3]. Surgery is a common treatment mod-
ality for HCE, but it causes postoperative complications,
and the recurrence rate is high even after surgical treat-
ment. Therefore, drug therapy still plays an irreplaceable
role in treating HCE. However, drugs for HCE only exhibit
effective therapeutic effects in in vitro experiments, which
may be due to the complex environment in vivo, which
limits the efficacy of the drugs [4,5]. Therefore, it is neces-
sary to explore the pathogenesis and pathological changes
of HCE and develop novel clinical treatment strategies.
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The primary harm of HCE is that it causes and
increases hydatid cysts, which compress surrounding tis-
sues, especially liver tissues and intrahepatic ducts, and
exerts the corresponding toxic effects, thus aggravating
liver damage. In severe cases, hydatid cysts can break
into the intrahepatic bile duct system and induce a series
of complications, such as jaundice, hydatid cyst infec-
tion, and bile duct infection, which threaten the lives of
patients [6]. Clinical studies have found that in the
growth and development of HCE, the rates of calcification
and necrosis of the cyst can be as high as 5-15% [7,8].
Previous studies have demonstrated a correlation between
a host immune response and the calcification of the
hydatid cyst wall [9,10]. Studies have also shown that
the calcification of the outer cyst wall of the hydatid cysts
hinders nutrient intake, thereby leading to parasite death
[11]. Therefore, inducing and accelerating the hepatic
hydatid cyst wall calcification may be a new way to
treat HCE.

Calcifying nanoparticles (CNPs), also known as nano-
bacteria, exist in a variety of human tissues and are sphe-
rical ball- or rod-shaped, with diameters ranging from 100
to 600 nm [12]. CNPs are a class of nanoscale protein com-
plexes with bionic properties, such as self-replication, self-
mineralization, slow metabolism, and resistance to heat
and acid [13,14]. CNPs, which are distributed around the
cellular nucleus, may take the human serum fetuin-A as
the main component to form nanoscale hydroxyapatite
calcification crystals (nano-hydroxy-apatite-collagen [NHAC])
and generate a mineralized shell covering their surroundings
to form the crystal core, thus causing pathological calcification
of cells and inducing cell injury and death [15,16]. CNPs can
secrete calcified lipopolysaccharides, which contribute to a
series of inflammatory reactions. Growing evidence indicates
that CNPs are associated with the pathological calcification of
various human tissues, as well as the occurrence and devel-
opment of chronic inflammatory diseases, such as coronary
artery disease, calcified aortic stenosis, atherosclerosis, kidney
stones, gallbladder stones, placental calcification, and chronic
periodontitis [17,18]. Moreover, dystrophic calcification caused
by pathological changes in the body leads to the formation
and accumulation of calcium salts in the cyst wall of cystic
hepatic hydatids, which is closely related to local infection,
inflammation, and cell damage [19,20]. However, the role of
CNPs in the calcification process of the outer cyst wall of HCE
and its related mechanisms remain unknown.

Mesenchymal stem cells (MSCs) have been reported
to be involved in the formation of the cyst wall of HCE
and have osteogenic differentiation ability, which could
have the potential to induce the calcification of the HCE
wall [21,22]. Therefore, in this study, CNPs were isolated
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from the calcified outer cyst wall and the contents of the
hepatic hydatid. MSCs were used to explore the effects of
CNPs on the calcification of the outer cyst wall of the
hepatic hydatid and the related underlying mechanisms.

2 Materials and methods

2.1 Patient samples

A total of 37 patients (22 males and 15 females) with HCE
were recruited at the First Affiliated Hospital of the
Medical College of Shihezi University between January
2018 and December 2018. The mean age of these patients
was 43.5 + 7.6 years. All the patients were diagnosed via
computed tomography, and the number, size, location,
World Health Organization’s image classification, and
the hydatid calcification were determined. Postoperative
operation was performed to determine whether biliary
fistula occurred during and after surgery. Exclusion cri-
teria were the presence of hepatic alveolar echinococ-
cosis, no clinical classification of hepatic hydatids, and
no surgical treatment.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use com-
plied with for all the relevant national regulations and
institutional policies, is in accordance with the tenets
of the Helsinki Declaration, and has been approved by
the Institutional Ethics Committee of the First Affiliated
Hospital of the Medical College of Shihezi University
(approval number: A2017-122-01, date: 2017/3/5).

2.2 Preparation of CNPs and NHAC

The outer cyst wall and contents of the hydatid cysts that
were surgically separated from the patient tissues were
washed with phosphate-buffered saline (PBS), ground
into a homogenate, and incubated with 1mol/L hydro-
chloric acid (HC) at 37°C for 30 min. The pH was adjusted
to 7.0-7.4 by adding 1mol/L Tris-HCI. After the sample
had settled naturally, the supernatant was centrifuged at
6,000xg for 10 min and then at 14,000xg for 40 min at
4°C. The obtained supernatant was sterile-filtered (0.22 um;
Millipore Carrigtwohill, Cork, Ireland) and cultured in
RPMI-1640 (Gibco, CA, USA) containing 10% y-irradiated
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fetal bovine serum (FBS; Gibco, CA, USA) at 37°C in a
humidified atmosphere of 5% CO,. After 4 weeks of inocu-
lation, the mixture was centrifuged at 16,000xg for 50 min,
and the sediments were CNPs. During the 4-week culture,
the upper layer of the culture medium was removed every
week, and an equal amount of fresh RPMI-1640 medium
was added. For cellular analysis, the concentration was
adjusted to 3 or 6 MacFarland (MCF) before experimental
use. NHAC was purchased from DK Nano Technology,
Beijing, China, and dissolved in PBS and sonicated for
6 h to prepare 3.0 MCF NHAC for experimental use.

2.3 CNP morphological analysis

The morphology of the CNPs was examined using trans-
mission electron microscopy (TEM) and scanning elec-
tron microscopy (SEM; Hitachi, Tokyo, Japan). For the
TEM analysis, the CNPs were fixed in 2.5% glutaralde-
hyde overnight, resuspended in 0.5 mL ddH,0, and
embedded on a membrane-coated copper screen.
Subsequently, the CNPs were dyed with 10 mL/L phospho-
tungstic acid for 90 s and observed by TEM at 80 kV. For
the SEM analysis, the CNPs were fixed in 2.5% glutaralde-
hyde for 1-2 h and dehydrated by 50, 70, 80, 90, and 100%
ethanol gradient treatment for 10 min. Finally, the CNPs
were subjected to cryodesiccation and metal coating, and
the samples were then subjected to SEM observation.

2.4 Cell culture

Bone marrow-derived MSCs were isolated from C57BL/6
mice (2 weeks old) and identified using common proto-
cols [23]. The prepared MSCs were grown in MEM alpha
modification, with L-Glutamine, with ribo- and deoxyri-
bonucleosides (Invitrogen, CA, USA) supplemented with
100 U/mL penicillin/streptomycin (Invitrogen) and 20%
FBS, and were maintained at 37°C in a 5% CO, atmo-
sphere. For analysis, cultured MSCs were divided into
four groups: control group, NHAC group (3 MCF), low-
CNP group (L-CNP, 3 MCF), and high-CNP group (H-CNP,
6 MCF). The mouse experiments were conducted in accor-
dance with the National Medical Advisory Committee
(NMAC) guidelines, and the approved procedures of the
Institutional Animal Care and Use Committee at the First
Affiliated Hospital of Medical College of Shihezi University
were employed (approval number: A2017-122-01, date:
2017/3/5).
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2.5 CCK-8 cell viability assay

MSCs in the logarithmic growth phase were seeded into
96-well plates at a density of 2 x 10> cells per well and
treated with PBS, NHAC (3.0 MCF), L-CNPs (3.0 MCF),
and H-CNPs (6.0 MCF). At 3 and 6 days post-treatment,
10 pL of CCK-8 solution (Beyotime Biotechnology, Shanghai,
China) was added to the culture medium and incubated at
37°C for 6 h, after which the optical density at 450 nm was
measured using a microplate spectrophotometer (Bio-Rad,
CA, USA).

2.6 Apoptosis assay

Cultured MSCs from the different treatment groups were
harvested via centrifugation at 1,000xg for 5min and
resuspended in 100 pL of 1x binding buffer, followed by
incubation with Annexin V-FITC/PI (BD Biosciences, NJ,
USA) at 4°C for 30 min in the dark according to the man-
ufacturer’s instructions. MSC apoptosis was determined
using a flow cytometer (BD Biosciences).

2.7 Western blot

MSCs from the different treatment groups were harvested
and lysed in ice-cold RIPA buffer (Beyotime Biotechnology,
Shanghai, China) supplemented with 1 mM PMSF (Millipore
Carrigtwohill, Cork, Ireland). The total extracted protein
was quantified using a BCA Protein Assay Kit (Beyotime
Biotechnology, Shanghai, China) and fractionated by SDS-
PAGE. The separated proteins were transferred onto poly-
vinylidene difluoride (Millipore Carrigtwohill, Cork, Ireland)
membranes, followed by blocking in 5% non-fat milk for
1h at room temperature. Subsequently, the membrane was
incubated with primary anti-RUNX2 antibody (1:1,000;
Abcam), anti-OPN antibody (1:1,000; Abcam), anti-BMP-2
antibody (1:1,000; Abcam), anti-GAPDH antibody (1:1,000;
Hangzhou Xianzhi Biological Co., Ltd.), anti-caspase-3 anti-
body (1:2,000; NOVUS), anti-Bcl-2 antibody (1:1,000;
Proteintech Group, Inc.), anti-Bax antibody (1:1,000;
Abcam), anti-Smad3 antibody (1:1,000; Abcam), and
anti-TGF-B1 antibody (1:1,000; Proteintech Group, Inc.)
overnight at 4°C. The membrane was thereafter incubated
with the corresponding horseradish peroxidase-linked
secondary antibodies (1:5,000; Wuhan Boster Biological
Technology Co., Ltd) at room temperature for 1h. The
expression and images of protein bands were visualized
and recorded using an ECL Plus Western Blotting Detection
System (Bio-Rad, CA, USA).
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2.8 Immunofluorescence assays

MSCs from the different treatment groups were fixed with
4% formaldehyde for 10 min, followed by 1% BSA incu-
bation for 1h at room temperature. After washing three
times with PBS, the MSCs were probed at room tempera-
ture with the corresponding primary antibodies for 2 h.
Then, the MSCs were incubated with secondary antibo-
dies and DAPI for 1h in the dark. Finally, the MSCs were
washed with PBS, and images were taken using a fluor-
escence microscope.

2.9 Calcium ion deposition detection

Calcium ion deposition in MSCs from the different treat-
ment groups was determined by alkaline phosphatase
(ALP) staining and alizarin red S staining. ALP staining
was performed using an alkaline phosphatase staining
kit II (Stemgent, MA, USA) according to the manufac-
turer’s instructions. Alizarin-Red S staining analysis
was conducted following the commercial guidelines
(Solarbio Life Science, Beijing, China). The remaining
Alizarin Red S solution was removed, after which the
samples were observed, and the images were recorded
under a microscope.

2.10 Statistical analysis

Data are presented as mean + standard deviation (SD).
Categorical data were expressed as frequencies and per-
centages. Statistical analysis was conducted using SPSS
21.0 (IBM, IL, USA) software, and GraphPad Prism 5
(GraphPad Software, San Diego, CA, USA) was used for
figure plotting. Student’s t-test was employed for compar-
isons between two groups. One-way analysis of variance
followed by a post-hoc Tukey test was used for compar-
isons among at least three groups. The threshold for sta-
tistical significance was set at P < 0.05.

3 Results

3.1 CNP ultrastructural morphology

According to the TEM observations, the cultured CNPs
displayed a coccoid form with diameters ranging from
100 to 600 nm (Figure la—d), which indicated that the
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CNPs were involved in the splitting process of binary fis-
sion. Furthermore, SEM analysis revealed that the CNPs
were of different sizes, with a certain degree of black
compactness on the outer periphery, and that the inside
was a concentric ring structure (Figure 1e-h). Both TEM
and SEM revealed that the surfaces of the particles were
uneven, with crystals resembling burrs, implying that
the CNPs were successfully isolated from the tissues of
patients with HCE.

3.2 CNPs promoted the expression of
calcification-related proteins in MSCs

In order to investigate the effects of CNPs on the differ-
entiation of MSCs, we examined the expression of calci-
fication-related proteins, such as bone morphogenetic
protein-2 (BMP-2) and osteopontin (OPN), in MSCs sub-
jected to different treatments. As shown in the immuno-
fluorescence assays and western blot experiments, the
protein levels of BMP and OPN were markedly upregu-
lated in the CNP group in a dose-dependent manner com-
pared with those in the control and NAHC groups (P < 0.05,
Figure 2). Additionally, as a nuclear transcription factor,
RUNZX2 plays a critical role in chondrocyte differentiation
and osteoblast formation [24]. Our western blot assay
revealed that the protein expression of RUNX2 was greatly
upregulated by CNP treatment, and that the RUNX2 level
was positively correlated with the concentration of CNPs
(P < 0.05, Figure 2c and d).

3.3 CNPs accelerated the calcification
process of MSCs

To investigate the effect of CNPs on ALP activity, we ana-
lyzed the ALP activity in MSCs from the different treat-
ment groups. It was found that the ALP level in the NHAC
group was higher than that of the control group, and the
CNP group exhibited the highest level of ALP (Figure 3a).
To further confirm the roles of CNPs in the calcification
of MSCs, calcium ion deposition and the fluorescence
intensity of calcium ions in MSCs were quantitatively
analyzed via alizarin-red S staining and flow cytometry.
Compared with the control group, both the NAHC and
CNP groups showed significant calcium ion deposition,
and the MSCs incubated with CNP had the highest cal-
cium ion deposition (P < 0.05, Figure 3b and c). In addi-
tion, with an increase in the concentration of CNPs, the
calcium ion concentration in MSCs also significantly
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Figure 1: The ultrastructural morphology of CNPs observed using TEM and SEM. (a-d) The TEM images of CNP isolates under different
magnification times. (e—h) The SEM images of CNP isolates under different magnification times.

increased in a dose-dependent manner. These results 3.4 CNPs induced MSC apoptosis in vitro
imply that the CNPs could promote calcium deposition

and calcium concentration in MSCs, thereby accelerating To detect the effects of the CNPs on the MSC proliferation,
the process of MSC calcification. CCK-8 analysis was performed. As presented in Figure 4a,
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Figure 2: Effects of CNPs on calcification-related proteins, including BMP-2, OPN, and RUNX2 in MSCs after 6 days of co-culture. (a) BMP-2
protein expression was determined using immunofluorescence assays. (b) OPN protein expression was measured using immunofluores-
cence assays. (c) Protein bands of BMP-2, OPN, and RUNX2 were visualized by western blotting. (d) The gray values of BMP-2, OPN, and
RUNX2 were quantified using Image) software. *P < 0.05, compared to the control group; *P < 0.05, compared to the NHAC group; and

P < 0.05, compared to the L-CNP group.

compared with the control and NHAC groups, treatment
with CNPs significantly inhibited the proliferation rate of
MSCs (P < 0.05), and this inhibitory effect was dependent
on the concentration and treatment duration. In addition,
flow cytometric analysis revealed that CNP treatment
markedly increased the apoptotic rate of MSCs in a

concentration-dependent manner (P < 0.05; Figure 4b
and c). Incubation with CNPs led to a larger number of
MSCs in both early and late apoptosis compared to that in
the control and NHAC groups (Figure 4c). Similar results
were obtained in the western blot assays. CNP exposure
induced higher protein expression of pro-apoptotic
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Figure 3: Effects of CNPs on calcium ion deposition in MSCs. (a) ALP staining analysis of MSCs from different treatment groups. (b) Alizarin
red S staining was used to analyze calcium deposition in MSCs after different treatments. (c) Fluorescence intensity of calcium ions in MSCs

from different treatment groups was quantified using flow cytometry.

factors, such as Bax and Caspase-3, and suppressed Bcl-2
expression (Figure 4d). These results indicate that CNPs
contribute to the apoptosis of MSCs in vitro.

3.5 CNPs activate the TGF-p signaling
pathway to induce the calcification
of MSCs

The transforming growth factor-f1 (TGF-B1)/Smad3 sig-
naling pathway plays a critical role in the process of liver
fibrosis and the regulation of tissue cell calcification.
In the present study, western blot assays revealed that
the expression of TGF-B1 and Smad3 was significantly
upregulated in the MSCs treated with CNPs, compared
with that in the NHAC group (P < 0.05), and that TGF-
B1 and Smad3 exhibited the lowest expression levels in
the control group (Figure 5). These results suggest that
CNPs can activate the TGF-p signaling pathway in MSCs
in vitro.

4 Discussion

In the current study, to explore the effects of CNPs on the
calcification process of the outer cyst wall of HE, we first
isolated and cultured CNPs from HE cyst wall tissue and
identified these particles by TEM and SEM. To eliminate
false-positive results, we ensured that there were no sus-
pected particles in the reagents and consumables used
during isolation and culture. All metal instruments and
glassware applied in the test were used after sterilization,
and the specimens were collected in strict accordance
with aseptic operations. Under TEM, we observed that
these nanoparticles were covered by a dense and burr-
like outer shell, which was similar to the previously reported
morphological characteristics [25-27]. SEM revealed that
crystals existed on the surfaces of the nanoparticles, which
confirmed that the CNPs had been successfully isolated and
could be used for further cellular experiments.

The outer cyst wall of the HCE is mainly composed of
fibroblasts. Like osteoblasts, fibroblasts can produce matrix
vesicles and induce calcium salt deposition in the vesicles,
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Figure 4: Effects of CNPs on the proliferation and apoptosis of MSCs in vitro. (a) The growth of MSCs in control, NHAC, L-CNP, and H-CNP
groups was measured using a CCK-8 assay. (b) Early apoptosis rates in the MSCs with different treatments were calculated. (c) The
apoptosis of MSCs from different treatment groups was analyzed using flow cytometry. **P < 0.01; ***P < 0.001, compared to the control
group. (d) The expression of apoptosis-related proteins (Caspase-3, Bcl2, and Bax) detected by western blotting. The panel below

represents the gray values of protein bands. *P < 0.05, compared
P < 0.05, compared to the L-CNP group.

suggesting that the calcification of the fibrous cyst wall
around the hepatic hydatid may be related to the
mechanism of bone formation [28]. In addition, MSCs
can contribute to the formation of cyst walls in HCE [29].
Therefore, we selected MSCs with osteogenic phenotypic
potential as co-culture objects to explore the effects of the
CNPs on the MSC osteogenic calcification, and then inves-
tigated the potential mechanism of CNP-induced calcifica-
tion of the hepatic hydatid outer capsule wall.
Furthermore, to investigate the effects of CNPs on the
differentiation of MSCs, the MSCs were treated with dif-
ferent concentrations of CNPs, and the expression levels
of calcification-related proteins (BMP-2, OPN, and RUNX2)
were determined. The main component of the CNPs is
hydroxyapatite, which can promote bone formation and

to the control group; *P < 0.05, compared to the NHAC group; and

the secretion of calcification-related proteins [30]. OPN is
a highly phosphorylated glycoprotein that plays a critical
role in cardiovascular diseases, kidney stone diseases,
and biological mineralization [31]. RUNX2 has been reported
to play a key role in the chondrocyte differentiation and
osteoblast formation, as well as in the regulation of
osteoblast differentiation and the triggering of bone
matrix protein expression [32]. Moreover, BMP-2 can pro-
mote the differentiation of hepatic hydatid cyst wall cells
into osteoblasts. In addition, MSCs can generate BMP-2 via
autocrine/paracrine secretion and elevate RUNX2 expres-
sion, all of which accelerate calcification [33,34]. These
factors can induce calcium salt deposition in MSCs and
trigger the formation of calcified cyst walls in hepatic
hydatids. Additionally, previous studies have shown that
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Figure 5: The protein expression of TGF-B1 and Smad3 evaluated by western blotting. *P < 0.05, compared to the control group; *P < 0.05,
compared to the NHAC group; and P < 0.05, compared to the L-CNP group.

the CNPs could promote the differentiation of MSCs into
osteoblasts, and the CNPs’ microenvironment may be cru-
cial for the MSC differentiation and calcification [13,35].
Our quantitative analyses revealed that the CNPs increased
the protein levels of BMP-2, OPN, and RUNX2 in MSCs in a
dose-dependent manner, indicating that CNPs may act as
inducers to differentiate MSCs into osteoblast-like cells
and indirectly promote calcification.

Collagen fibers have a certain affinity for ALP, which
can effectively accelerate the accumulation of phosphates
and initiate calcification [36—-38]. According to our staining
results, incubation with the CNPs significantly upregu-
lated the ALP activity in MSCs. Additionally, alizarin-red
S staining and flow cytometric analysis demonstrated that
the CNP treatment significantly increased the calcium ion
deposition in MSCs, confirming that CNPs could facilitate
calcium deposition in MSCs and accelerate the process of
cell calcification.

Apoptosis is considered one of the major mechanisms
of cardiovascular calcification, particularly the adverse
calcification caused by atherosclerosis [39,40]. Calcified
cardiovascular valves are caused by a combination of
apoptotic bodies, death organelles, senescent cells, and
many cell fragments with calcium, gradually resulting in
calcium deposition [41,42]. In this study, both CCK-8 and
flow cytometry experiments confirmed that the CNP treat-
ment promoted MSC apoptosis. Pro-apoptotic factors such
as Bax and Caspase-3 displayed higher expression in the

CNP groups than in the control group, while the apoptosis
inhibitor Bcl-2 was downregulated by the CNP treatment.
Taken together, we hypothesized that the accumulation
of cell debris generated by the CNPs could induce MSC
apoptosis and that calcified nanoparticles could form a
mineralized core. Together with the calcium metabolism
disorder caused by hydroxyapatite, they can jointly induce
the calcification of the cyst wall cells. Increased calcifica-
tion may hinder the cells’ access to nutrients, leading to
local metabolic disorders of the cells, which in turn leads
to apoptosis [13,43].

It has been reported that TGF-f is expressed in the
outer cyst wall tissue of the hepatic cystic hydatid [44].
TGF-B is not only involved in the process of liver fibrosis
but also participates in cell calcification and apoptosis
[45]. Smad transduces the TGF-B receptor signal into
the nucleus [46] and initiates the transcription of down-
stream targeted genes, which play an important role in
TGF-B1-mediated liver fibrosis [47-49]. In our study, we
observed that TGF-B1 and Smad expression was elevated
under the CNP treatment, which indicated that CNPs
may effectively activate the TGF-f1/Smad3 signaling
pathway and further accelerate the calcification process
of MSCs.

Interestingly, NHAC also affects the proliferation,
apoptosis, calcification, and other aspects of MSCs [50].
However, the action of the MSCs treated with the CNPs
was significantly affected compared with that of NHAC-
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induced MSCs. Although the main component of CNPs is
hydroxyapatite, CNPs have a stronger calcification induc-
tion effect than NHAC alone. This may be related to the
toxicity of the CNPs, which requires further research.

This study had some limitations. First, the frequency
of the diameter, specific composition, and the biomecha-
nical and physicochemical properties of the CNPs should
be determined in the following studies. Second, the expres-
sion of phospho-Smad1/5 and phospho-Smad3 needs to be
further examined, and the potential modulatory effects of
CNPs on distinct mesenchymal stem cell differentiation
pathways require further investigation. Additionally, further
experiments will be performed to investigate deeper
mechanics through interference experiments (knock-
down or overexpression) or the effects of different time
points on MSCs and gene/protein expression.

5 Conclusion

In conclusion, CNPs from the calcified outer cyst wall of
cystic hepatic hydatids may serve as calcification indu-
cers, leading to calcium ion deposition in MSCs by upre-
gulating the expression of calcification-related proteins
(BPM-2, OPN, and RUNX2). In addition, CNPs may pro-
mote the differentiation of MSCs into osteoblast-like cells
and induce apoptosis of MSCs by activating the TGF-B1/
Smad3 signaling pathway, thus persistently causing cal-
cium metabolism disorder in cells and aggravating surface
cell calcification. The findings of our study also indicate
that the CNPs may be an important factor in initiating the
calcification of the outer cyst wall of HCE and promoting
the decline of hydatid cysts. This study provides a new
research direction for further investigation of the natural
course and the clinical treatment of HCE.
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