This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

ORIGINAL RESEARCH

ALP Inhibitors Inhibit Inflammatory Responses
and Osteoblast Differentiation in hVIC via
AKT-ERK Pathways
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Geng Li, MD; Nianguo Dong, MD; Xiaoke Shang, MD

ABSTRACT

Objective o The aim of this study was to explore the
calcification process of aortic valve interstitial cells and its
potential association with osteogenic differentiation and
alkaline phosphatase (ALP) activity.

Methods « The study patients were divided into 3 groups:
the control group, the osteogenic induction medium (OM)
group and the OM+ALP inhibitor group. Cell calcification
was measured by alizarin red S staining and alizarin red S
dye released by extracellular matrix (ECM) was quantified
by spectrophotometry. Immunohistochemical staining was
performed on valve tissues of patients harboring calcified
and non-calcified aortic valve disease. Expression of bone
morphogenetic protein (BMP), runt related transcription
factor 2 (RUNX2), osteocalcin and osteopontin (OPN), was
evaluated using immunohistochemistry and expression of
osteogenic specific markers (BMP, RUNX2 and OPN) was
detected using Wesern blot analysis. RNA sequencing was
analyzed to further study the exact mechanism of ALP
inhibitors in terms of inhibiting the osteogenic differentiation
of valvular interstitial cells (VIC). The mRNA levels of tumor
necrosis factor alpha (TNF-a), Toll-like receptor 4 (TLR4)
and NOD-like receptor thermal protein domain associated
protein 3 (NLRP3), were detected using reverse-transcription
quantitative polymerase chain reaction (RT-qPCR). In
addition, Western blot analysis was performed to evaluate
the expression of phosphorylated extracellular regulated
protein kinases (ERK), nuclear factor k B inhibitor a (IkBa)
and protein kinase B (AKT) in protein.
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Results  Alizarin red staining was positive in the OM and
OM+ALP inhibitor groups, and calcified nodules were
formed in VIC, which showed a significant difference
compared with the control group (P <.05). The semi-
quantitative level of calcification in the OM group was
higher than in the control group (P<.05), and the semi-
quantitative level of calcification in the OM+ALP inhibitor
group was lower than in the OM group (P <.05). ALP
staining intensity, ALP activity and messenger RNA
(mRNA) levels of BMP, RUNX2, osteocalcin, OPN, ERK,
IkBa, AKT, TNF-a, Toll-like receptor 4 (TLR4) and
NLRP3 inflammasome (NLRP3) in the OM group were
higher than in the control group (P <.05). ALP staining
intensity, ALP activity and mRNA expressions of BMP,
RUNX2, osteocalcin, OPN, phosphorylated ERK, IkBa,
AKT, TNF-a and NLRP3 in the OM+ALP inhibitor group
were lower than in the OM group (P <.05). Compared
with the control group, 723 genes were upregulated and
248 genes were downregulated in the OM group.
Compared with the OM group, 352 genes were upregulated
and 586 genes were downregulated in the OM+ALP
inhibitor group.

Conclusion « We suggest that ALP inhibitors have
potential in terms of inhibiting the inflammatory response
and osteoblast differentiation of human VIC (hVIC) via
the TLR4, AKT, ERK and NLRP3 pathways. (Altern Ther
Health Med. 2023;29(1):58-65).

INTRODUCTION

Calcified aortic valve disease (CAVD) has become the
most common heart valve disease, and is characterized by
calcification, leading to aortic stenosis and subsequent heart
failure.! CAVD is highly associated with patients harboring
type 2 diabetes (approximately 45%), with increased risk for
degenerative aortic valve disease and cardiovascular
mortality. However, the risk factors responsible for this
condition are largely unknown. There is no pharmacological

58 ALTERNATIVE THERAPIES, JAN/FEB 2023 VOL. 29 NO. 1

Zhang—ALP Inhibitors Inhibit Inflammatory Responses




This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

method available to slow CAVD progression, and surgical
repair and valve replacement have been endorsed as the main
treatment methods in CAVD.?

The human aortic valve (AV) is an avascular trilobal
structure with a thickness of approximately 1 mm, which is
composed of outer valve endothelial cells (VEC) and 3 inner
layers: the fibrous, sponge and ventricular layer’ VECs
maintain the steady state of the valve by regulating
permeability, adhesion of inflammatory cells and interstitial
cell paracrine signals. Differentiation of valvular interstitial
cells (VICs) phenotype from fibroblasts to myofibroblasts is
extremely important for wound-healing in vivo, as well as for
the production of natural extracellular matrix during valve
tissue engineering.* With further research, CAVD is currently
regarded as an active cell-driven regulatory process, which
mainly involves chronic inflammation, lipid deposition,
angiogenesis and osteogenic phenotype VIC. Numerous
clinical studies are available that show that the drugs currently
on the market fail to prevent or slow the progression of
CAVD during the treatment of arteriosclerosis.” Therefore, it
is both extremely urgent and significant to identify drugs that
inhibit the osteogenic phenotype transformation of aortic
valve interstitial cells and delay valve calcification.

In vitro and clinical studies have shown that a series of
active osteogenesis processes that contribute to CAVD, and
the osteogenesis activity is caused by inflammation. Aortic
valve interstitial cells (AVICs) are the main cell type found in
aortic valve leaflets, which mainly participate in the CAVD
process by inducing inflammation and osteoblast
differentiation.® Other mechanisms include the deposition of
atherosclerotic lipoprotein in a stenosed aortic valve and the
activation of the renin-angiotensin system. Inflammation is
the leading factor in CAVD.

Alkaline phosphatase (ALP) is closely related to aortic
calcification and is a reliable indicator for evaluating vascular
calcification. High serum ALP levels are strongly associated
with the incidence of cardiovascular events, and high serum
ALP levels are involved in the cardiovascular damage process,
leading to an increased risk for a poor prognosis. Hence, it is
of great clinical value and significance to identify valid drugs
that may regulate the inflammatory reaction and delay the
occurrence of aortic valve calcification. In our study, we
aimed to investigate the calcification process of AVICs and its
association with osteogenic differentiation and ALP activity.

METHODS AND MATERIALS
Study Materials

Isolation of VICs. Isolated VICs were collected from
patients via acute aortic dissection under aseptic conditions.
The mean patient age was 58.56 +9.96 years, the male/female
ratio was 15:15 and the disease course was 10.52 + 2.96
months. The average age of normal controls was 59.12+10.15
years, the male/female ratio was 16:14, and the disease course
was 9.26 + 2.29 months. After thoroughly washing with
0.1 mL phosphate buffered saline, the surface of the valve
leaflet was gently scraped with a blade 2 to 3 times. Primary

human VIC was obtained by resuspension and centrifugal
precipitation in 5 mL high-glucose DMEM containing 10%
fetal bovine serum (FBS). The 3rd generation cells were used
in all experiments.®

VIC culture. VIC was inoculated in a 24-well plate at a
density of 2x10° cells/well. The medium was supplemented
every 3 days for 2 weeks.

Cell treatment and grouping. For the osteogenic
differentiation (OD) model, hVIC was cultured in osteogenic
induction medium (OM) (Huxma-90021; Cyagen
Biosciences, Santa Clara, California, USA). The ALP inhibitor
was dissolved in dimethyl sulfoxide (DMSO). The study
patients were grouped as follows: the control group (no OM
or ALP inhibitor treatment), OM group (OM treatment only)
and the OM+ALP inhibitor group (OM combined with ALP
inhibitor treatment).

Methods

Calcification analysis. Cells were cultured in OM with and
without ALP inhibitor for 21 days. The degree of cell calcification
was measured according to the manufacturer’s instructions
using alizarin red S (#0223; ScienCell Research Laboratories,
Carlsbad, California USA) staining. After washing with distilled
water twice, an image was taken to evaluate the degree of
calcification. Calcium salt deposition in osteoblast-induced and
uninduced cell matrix was detected via the alizarin red semi-
quantitative method to study the changing trend of calcium salt
deposition in the cell matrix. The calculation formula was:
measured value of samples A = absorbance value of samples;
A- absorbance value of single cell group A.

ALP staining. VIC was induced by OM for 21 days and
stained for 15 minutes with an ALP staining kit (#1102-100;
InnovativeCellularTherapeutics, Shanghai, China). At the
end of the process, the staining of VIC after different
treatments was observed under the microscope (CarlZeiss
AG, Jena, Germany). ALP activity was measured with an
ALP detection kit (Nanjing Jiancheng Institute of
Bioengineering, Nanjing, Jiangsu, China).

Immunohistochemical staining. Patients with CAVD
and normal controls were selected by the researchers. Pathology
specimens from patients with rheumatic valvular heart disease,
endocarditis and congenital aortic valve disease were excluded
from the study. The primary antibodies used in this study were
BMP, Runx2, osteocalcin and OPN, which were incubated
overnight at 4°C. Biotin-labeled secondary antibodies (bioss,
THCO001, IHC003) were incubated for 30 minutes, washed with
PBS for 3 minutes, 3 times and horseradish peroxidase was
added for 15 minutes. DAB was used to detect partial protein
levels. The nucleus was stained with hematoxylin.

Western blot analysis. Total protein was isolated from
tissues or cells 48 hours after transfection using a
radioimmunoassay buffer. The protein was separated via
SDS-PAGE, transferred to a polyvinylidene fluoride (PVDF)
membrane and sealed with 5% skimmed milk powder at
room temperature for 1 hour. Subsequently, the PVDF
membrane was incubated with the corresponding diluted
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antibody at 4°C overnight. The following primary antibodies
were used: BMP (1:1000; Abcam, Boston, Massachusetts,
USA), Runx2 (1:1000; Abcam), osteocalcin (1:500; Abcam)
and OPN (1: 500; ABCAM), AKT (1:2000; Abcam), p-AKT
(1:1000; Abcam), IxBa (1:2000; Abcam), IxkBa (1:2000;,
Abcam), p-IxBa (1:1000; Abcam), ERK (1:2000; Abcam),
p-ERK (1:1000; Abcam) was used as the standardized
medium. The blot was incubated with horseradish peroxidase
coupled goat anti-rabbit immunoglobulin G (IgG) secondary
antibody (ab97051, 1:2000; Abcam) for 1 hour.

mRNA expression profile. RNA sequencing (RNA-seq)
was applied to quantitatively study the changes in cell nRNA
spectrum with different treatments. Isolated RNA was
sequenced by BGICo., Ltd. (Shenzhen, China) using RNA-
seq on a BGISEQ-500 instrument. Sequencing results were
further analyzed to identify differentially expressed genes
(DEG), and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis was performed using
R language, version 3.5.1.

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR). The Quantitec reverse transcription
(RT) kit from Takara was used for reverse transcription.
Quantitative PCR (qPCR) was performed using SYBR" Green
(B21202; bimake.com, Houston, Texas, USA) and Roche
LightCycler’ 96 system (Roche LifeScience, TNF-a, TLR4,
NLRP3 and GAPDH were quantified using qPCR based on
specific conditions. GAPDH was used as a reference control
gene for other genes. The RT level of the target gene was
calculated by relative quantification (2-delta-delta CT
method). All experiments were repeated 3 times.

Statistical analysis

Statistical analysis was performed using IBM™ SPSS
version 21.0 statistical software (IBM Corp., Armonk, New
York, USA). R language (version 3.5.1) was then applied to
further analyze the RNA sequencing results. The measured
data and other data were analyzed and expressed as mean +
standard deviation (SD). All semi-quantitative measurements
were captured by Image] (National Institutes of Health,
USA) software. Statistical comparison was performed via
ANOVA to evaluate the differences between groups. P <.05
reflected statistical significance.

RESULTS
Comparison of VIC Calcification in the Study Groups
Alizarin red staining was positive in the OM and
OM+ALP inhibitor group, and calcified nodules of VIC were
formed, showing a significant difference compared with the
control group (P < .05). The semi-quantitative level of
calcification in the OM group was significantly higher than in
the control group (P <.05), while markedly lower results were
found in the OM+ALP inhibitor group compared with the
OM group, and in the OM+ALP inhibitor group were higher
than in the control group (P<.05). Based on these results, we
found that ALP inhibitor was able to inhibit the calcification
of VIC induced by OM (see Figure 1; Table 1).

Figure 1. Alizarin red staining

Control group

OM group ~ OM+ALP inhibitor group
Note: The semi quantitative calcification level in the OM
group was higher than in the control group (P<.05), and
lower in the OM+ALP inhibitor group than in the OM group
(P<.05).

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Table 1. Semi-Quantitative Level of Calcification (n=15)

Dyeing | Semi-quantitative
Groups intensity | calcification level
Control 1.02 £0.13 1.00 + 0.16
OM 5.78 + 0.47 6.18 £ 0.46
OM-+ALP inhibitor | 2.26 +0.18 3.13+0.12
Variance ratio 16.032 12.325
P value <.001 <.001

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Figure 2. ALP staining.
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Note: The ALP staining intensity and activity in the OM
group were higher than in the control group (P <.05), and
lower in the OM+ALP inhibitor group than in the OM group
(P<.05).

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.
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Table 2. ALP Staining Intensity and Activity (n=15)

Dyeing Activity of ALP
Groups intensity (umol/min/mg)
Control 1.00 £ 0.11 2.37+0.25
oM 423 +£0.25 36.48+2.34
OM+ALP inhibitor | 1.89 +0.14 13.56+1.27
Variance ratio 13.632 15.230
P value <.001 <.001

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Table 3. Expression Level of BMP, RUNX2 and OPN Protein
(n=15)

Groups BMP RUNX2 | Osteocalcin OPN
Control 0.58 £0.09 | 0.96 +0.14 | 1.12+0.13 | 1.03 £ 0.12
OM 1.89 £0.12 | 3.25+0.24 | 437 £ 0.45 | 3.58 £ 0.64
OM-+ALP inhibitor | 0.97 +0.12 | 1.15+0.18 | 2.06 +0.17 | 1.89 +0.23
Variance ratio 15.231 12.306 14.237 18.529
P value <.001 <.001 <.001 <.001

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Table 4. Expression Level of BMP, RUNX2 and OPN Protein
(n=15)

Groups BMP RUNX2 OPN
Control 1.02 £0.15 | 0.85 + 0.14 | 0.93 £ 0.17
oM 6.33 £0.47 | 5.78 £0.25 | 5.88 £ 0.37
OM+ALP inhibitor |2.85+0.23 | 1.96 + 0.18 | 2.14 £ 0.26
Variance ratio 15.238 18.267 16.329
P value <.001 <.001 <.001

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium

Figure 3. KEGG enrichment analysis.
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Note: Similar gene expression profiles were observed between
the OM group and the OM+ALP inhibitor group, in which 352
genes were upregulated and 586 genes were downregulated.

Abbreviations: ALP, alkaline phosphatase; KEGG, Kyoto
Encyclopedia of Genes and Genomes; OM, osteogenic
induction medium.

Table 5. Database of Essential Genes (DEG) Analysis (n=15)

Upregulated | Downregulated
Groups genes genes
Control vs OM 723 248
OM vs OM+ALP inhibitor 352 586

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Comparison of ALP Levels in the Study Groups

Regarding ALP staining intensity and activity, the OM
group was associated with higher staining than the control
group (P<.05), while in the OM+ALP inhibitor group were
lower than in the OM group, and higher in the OM+ALP
inhibitor group than in the control group (P<.05), indicating
the role of the ALP inhibitor in inhibiting the activation of
ALP induced by OM (see Figure 2; Table 2).

Comparison of Bone-Specific Markers in the Study Groups
Using Immunohistochemical Staining

The expression levels of BMP, RUNX2, osteocalcin and
OPN were higher in the OM group than in the control group
and the OM+ALP inhibitor group, and were higher in the
OM+ALP inhibitor group than in the control group (P<.05)
(see Table 3).

Comparison of Bone-Specific Markers in the Study Groups
Using Western Blot Analysis

Higher expression levels of BMP, RUNX2 and OPN protein
were found in the OM group than in the control group and
OM+ALP inhibitor group, and these levels were higher in the
OM+ALP inhibitor group than in the control group (P <.05).
This result indicates the role of an ALP inhibitor in inhibiting
the osteogenic differentiation induced by OM (see Table 4).

Identification of DEG and KEGG Enrichment Analysis
Compared with the control group, 723 genes were
upregulated and 248 genes were downregulated in the OM
group. In addition, similar gene expression profiles were
observed between the OM group and the OM+ALP inhibitor
group, in which 352 genes were upregulated and 586 genes were
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downregulated. Based on DEG analysis, KEGG signal pathway
enrichment analysis was carried out. Our results showed that
these DEGs were highly enriched in PI3K-AKT, TNE, Jak-STAT
and MAPK signaling pathways (see Figure 3; Table 5).

Levels of Inflammatory Cytokine mRNA

The mRNA expression levels of TNF-a, TLR4 and
NLRP3 mRNA in the OM group were higher than in the
control group (P <.05), while there were lower levels in the
OM-+ALP inhibitor group compared with the OM group, and
higher levels in the OM+ALP inhibitor group than in the
control group (P<.05). This suggests that the ALP inhibitor
prevented an inflammatory reaction (see Table 6)

Comparison of ERK, IxBa and AKT Signal Pathways in
the Study Groups

The expression levels of phosphorylated ERK, IxkBa and
AKT protein in the OM group were significantly higher than
in the control group (P <.05), while lower levels were found
in the OM+ALP inhibitor group than in the OM group, and
there were higher levels in the OM+ALP inhibitor group
than in the control group (P<.05). The results showed that
osteogenic differentiation of hVIC were negatively influenced
by the ALP inhibitor (see Figure 4; Table 7).

DISCUSSION

VEC forms a continuous monolayer that covers both sides
of the valve, and is connected with the endothelial cell layer in
the endocardium or adjacent great vessel area. In addition, VEC
has been proven to inhibit and regulate the pathological
proliferation and differentiation of VIC, and maintain the valve
steady state through paracrine signals.” VIC plays an important
role in maintaining the steady state and function of the aortic
valves through proliferation, matrix metalloproteinase secretion
and new ECM molecules. According to histological analysis and
non-invasive imaging technology findings, the progress of
CAVD can be divided into 3 stages: plaque-like lesions, late
lesions showing microcalcification and end-stage lesions
dominated by significant calcium deposition.”® Recent studies
have shown that normal human aortic valves contain relatively
few macrophages, while a large number of leukocytes and
macrophages had infiltrated resected calcified human aortic
valves."

BMP is a group of ligand proteins with multiple functions
that are far beyond the scope of promoting bone formation.**
The transforming growth factor beta (TGF-p) ligand family
is composed of subfamilies, including BMP, growth
differentiation factor (GDF), activin and inhibin, nodes, left
and right determinants, etc. Some of these are named for
their structural and functional similarities and environments.
Like other TGFP-p family ligands, BMP ligand dimer
participates in signal transduction by promoting the assembly
of heterogeneous complexes of BMPI and II receptors on the
cell surface.”” TGF-B1 in most cells signals via ALK5 and
TGFBR2, while activin and GDF bind ACVR2A/B and
ALK4, 5 or 7. BMP receptors can also activate non-SMAD

Table 6. The mRNA Level of Inflammatory Cytokines (n=15)

Groups TNF-a TLR4 NLRP3
Control 1.06 £0.13 | 1.08 £0.17 | 1.23+£0.12
OM 532+0.39 |324+0.16 | 435+0.28
OM+ALP inhibitor 2.18+£0.24 | 195+0.17 | 2.24+£0.23
Variance ratio 13.024 15.097 16.879

P value <.001 <.001 <.001

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Figure 4. Protein expression of phosphorylated ERK, IxBa
and AKT were detected by Western blot analysis.
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Note: Phosphorylated ERK and IxBa and Akt protein
expression levels were higher in the OM group than in the
control group (P<.05), and the OM+ALP inhibitor group,
phosphorylated ERK, IkBa and Akt protein expression levels
in the OM group were lower than in the OM group (P<.05).

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Table 7. Expression Level of Phosphorylated ERK, IkBa and
AKT Protein (n=15)

Groups p-AKT p-IxBa p-ERK
Control 0.48 £0.05 | 0.36 £0.07 | 0.75+0.11
OM 128 £0.21 | 1.23£0.06 | 2.64+0.21
OM-+ALP inhibitor | 0.56 +0.09 | 0.45+0.05 | 1.03+0.16
Variance ratio 12.329 13.264 14.264
P value <.001 <.001 <.001

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium

pathways.'® BMP signals are also regulated by antagonists,
such as Gremlin and Noggin, which bind to and inhibit
BMP2 and BMP4. In a similar fashion, matrix Gla protein is
a secreted carboxyglutamic acid-modified protein that can
bind to and inhibit BMP2 and BMP4 signal transduction."”
BMP affects the formation of bone and cartilage. In the
classic signaling pathway, BMP initiates signaling by binding
to the heterogeneous complex of type I and type II receptors.
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Table 8. Expression Level of TLR4 and NF-xB Protein
(n=15)

Groups TLR4 NE-xB
Control 0.41 £0.03 | 0.32+£0.09
oM 1.37 £ 0.17 1.29 £ 0.15
OM-+ALP inhibitor | 0.61 +0.11 0.48 +0.07
Variance ratio 13.469 12.792
P value <.001 <.001

Abbreviations: ALP, alkaline phosphatase; OM, osteogenic
induction medium.

Figure 5. Protein expression of TLR4 and NF-kB was
detected by Western blot analysis.
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Type II receptor kinase phosphorylates type I receptor, and
then exerts intracellular signal transduction by activating
receptor-regulated SMADs (R-SMADs). After being released
from the receptor complex, R-SMADs interact with SMAD, a
common mediator, and transfer to the nucleus to regulate the
transcription of the target gene. Among these factors, BMP-2
appears to play a central role in the differentiation of plastic
cell population into osteogenic phenotype by inducing MSX-
2, Runx2 and ALP.'® Functional toll-like receptors (TLR-2)
and TLR-4 are important mediators of inflammation. VIC is
stimulated by BMP-2 signaling to obtain osteoblast-like
phenotype.

The fiber and calcification reconstruction of the ECM
layer is the pathological sign of calcified valve disease, which
is a common pathological cardiovascular disease.”” TGF-p is
aknown regulator of vascular smooth muscle cell calcification
and osteoblast differentiation, and it has been proven that
TGF-pis present in calcified aortic valve (CAV). In endothelial
cells of calcified human AV fibers, the expression of
phosphorylated SMAD1/5/9 was significantly higher than in
cells without calcified valve fibers, while the expression of
phosphorylated SMAD2/3 remained relatively unchanged,
which was consistent with activation of the BMP signal in
calcified AV fibers (see Figure 1). In mouse studies, endothelial
AV cells showed increased SMAD1/5/9 phosphorylation and
increased expression of osteochondral genes ALP, Runx2 and
osteopontin. In our study, it was proven that OM induced
increased expression of BMP, Runx2, osteocalcin and OPN,
which was inhibited by the ALP inhibitor.

The serum ALP level in patients with CAVD is higher
than in patients without CAVD, and studies have shown that

serum ALP is a risk factor for cardiac valve calcification,
further confirming the close relationship between high
serum ALP levels and cardiac valve calcification. ALP is a
plasma membrane-bound glycoprotein. These enzymes are
widely distributed in nature, including prokaryotes and
higher eukaryotes, except in some higher plants.”* ALP is
produced in the early growth stage and is commonly found
on the cell surface and in the matrix vesicles of all tissues,
bones and calcified cartilage. Subsequently, although some
genes are upregulated (such as osteocalcin), ALP expression
is decreased.” BMP/RUNX2 and the Wnt signal cascade
communicate with each other; this is the main pathway that
regulates osteoblast differentiation, chondrogenesis and ALP
expression. In addition, since various model gene products,
such as HOX10, were detected in the BMP/RUNX2 system,
it is relatively reasonable to think that they have the ability to
promote the differentiation of mesenchymal stem cells into
osteoblasts and directly control the expression of TNAP (and
other genes) via chromosome remodeling.?

Recently, a large number of non-coding RNAs, such as
microRNA and long non-coding RNA, have been reported
that regulate the expression of ALP during mineralization.”
Whnts and its co-receptor LRP5/6 bind to curly family
receptors. Wnt/Frizzled/LRP5 activation begins with a typical
cascade reaction defined by [-catenin aggregation and
nuclear transfer. Activation of BMP-BMPR-SMADs signal or
FGF-FGFR-MAPK signal can increase ALP expression and
osteoblast differentiation. IGF is a powerful ligand that can
activate the PI3K/Akt pathway to promote ALP expression
and osteoblast differentiation. Various studies have reported
ALP expression in osteoblasts.

Based on our results, ALP inhibitor was able to inhibit
OM-induced ALP activation. As the exact mechanism of
ALP inhibitor inhibiting OM-induced calcification of AVIC
is unknown, we performed high-throughput gene expression
analysis to quickly and accurately identify the related
molecular signaling pathways. DEG selected by transcriptome
sequencing was highly enriched in TNE, PI3K-AKT, mTOR,
toll-like receptor and NOD-like receptor signaling pathways.
Among these, NOD-like receptor signaling pathways were
the most common signaling pathways mediated by
inflammatory reaction.

Inflammation is recognized as the main response of
innate immunity. The pathogenesis of CAVD is multifactorial,
including inflammation, hemodynamic factors, fibrosis and
active calcification. In the development of CAVD, increasing
evidence is available that shows that inflammation plays a
pivotal role in the initiation and transmission of diseases,
especially the function of TLR.* TLR mediates inflammation
and the outside immune system, and is significant in
controlling infection and maintaining tissue homeostasis.
Other mechanisms include the deposition of atherosclerotic
low-density lipoprotein (LDL) and lipoprotein (a) in the
stenosed aortic valve and the activation of renin-angiotensin
system. Typical calcification during CAVD is considered to
be an inflammation-dependent process. The progression of
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CAVD can be divided into 3 stages. Inflammation involves
the initial stage and the transmission stage, while in the final
stage, calcification rather than inflammation is dominant.

Congenital immune receptors, or toll-like receptors
(TLR), are particularly used to identify conserved motifs in
pathogens; that is, so-called pathogen-related molecular
patterns (PAMP) and endogenous molecules released when
tissues are damaged. The TLR family is composed of
transmembrane receptors that recognize a wide range of
ligands, and each member senses a specific set of molecular
patterns. In recent studies, the new role in the cardiovascular
system of TLR ininflammatory diseases such as atherosclerosis
and ischemia/reperfusion injury and CAVD have been
elucidated. The discovery of pathogen cargo in the narrow
aortic apex prompted researchers to investigate the
hypothetical role of TLR in CAVD. IL-37 negatively regulates
the osteogenic reaction of AVIC to PAMP (such as TLR4/2
agonist) and DAMP (such as oxLDL) by inhibiting the
activity of ERK1/2 and NF-x B. It is worth noting that IL-37
transgenic mice can prevent early aortic valve disease caused
by long-term exposure to LPS and other proinflammatory
agents. Of note, the anti-inflammatory effect of IL-37 is
specific to the TLR4/2 ligand.

The adaptive immune system plays a key role in
cardiovascular disease. Several studies have demonstrated
the correlation between inflammation and aortic valve
calcification. AVIC expresses functional toll-like receptors
TLR2 and TLR4, which are important mediators of innate
immune response and inflammation. TLR4 and TLR2 ligands
induce the early activation of p38MAPK in aortic valve
interstitial cells. Stimulation of TLR2 and TLR4 signaling
pathways leads to pro-inflammation and differential
expression of bone factors in AVIC and PVIC. The expression
of TLR2, TLR4 and BMP-2 was different in AVIC separated
from normal valves and stenotic valves. Compared with VIC
in the aortic valves of adults and children, adult AVIC
showed greater inflammatory and osteogenic response to
TLR4 stimulation than pediatric AVIC.

Our data confirm that these important inflammatory
markers always exist in human tissues and isolated heart
valves. On the other hand, AVIC is stimulated by TLR
agonist upregulated BMP-2 and short stature-related
transcription factor 2 (Runx2). The changes in Runx2 and
osteopontin levels are preceded by phosphorylation of
SMADI and extracellular signal-regulated kinase 1/2, but
not p38 mitogen-activated protein kinase. The levels of
Runx2 and osteopontin are decreased by silencing SMADI,
while the expression of osteopontin is decreased by the
inhibition of extracellular signal-regulated kinase 1/2, but
without affecting the expression of Runx2. In addition, AVIC
stimulated by BMP-2 upregulates ALP, and the formation of
calcified nodules in VIC depends on ALP activity. TNF-a is
one of the important inflammatory factors that is expressed
in aortic stenosis and positively correlated with the clinical
severity of aortic stenosis. Treatment with TNF-a also
promoted the expression of osteopontin and Runx2mRNA.

Clinical evidence has shown that coronary artery calcification
is related to inflammation caused by rheumatoid arthritis. In
this study, we provide the first evidence of ALP inhibitor as
an effective inflammatory inhibitor of OM-induced
calcification of human AVIC. We confirmed the potential of
anti-inflammatory intervention on CAVD.

NLRP3 inflammatory corpuscle is the core factor of the
NOD-like receptor signaling pathway, and it is a cytoplasmic
complex involved in the early inflammatory reaction.” It has
been proven that NLRP3-3 inflammatory corpuscles
contribute to phenotype transformation, proliferation and
vascular remodeling of vascular smooth muscle cells in
patients with hypertension. Furthermore, ALP inhibitor
treatment significantly damaged the phosphorylation of AKT
and ERK needed to promote cell proliferation. Therefore, our
results confirmed that ALP inhibitor inhibited the growth of
AVIC by inhibiting the phosphorylation of AKT and ERK.

RNA sequencing was performed to investigate the exact
mechanism of ALP inhibitor in terms of inhibiting VIC
osteogenic differentiation. Based on our results, 723 genes
were upregulated and 248 genes were downregulated in the
OM group compared with the control group. In addition,
similar gene expression profiles were observed between the
OM group and the OM+ALP inhibitor group, in which 352
genes were upregulated and 586 genes were downregulated.
Based on DEG analysis, KEGG signal pathway enrichment
analysis was performed and these DEGs were highly enriched
in the medium.

Transcriptome sequencing analysis was used to study
the global gene expression of hVIC after various treatments,
to further study the mechanism of ALP inhibitors in reducing
OM-induced calcification of hVIC. DEG selected by
transcriptome sequencing was highly enriched in PI3K-AKT,
TNE Jak-STAT and MAPK signaling pathways. Compared
with the OM group, 586 genes were downregulated in the
OM + ALP inhibitor group, which confirmed that ALP
inhibitors could effectively reverse the abnormal expression
of hVIC induced by OM. In our study, the JAK-STAT
pathway in DEGs was affected by ALP inhibitor in the OM
group and the control group, as well as in the OM+ALP
inhibitor group.

Study Limitations

This study had several limitations that should be
acknowledged. On one hand, only in vitro experiments were
conducted to identify the role of ALP inhibitors in the
osteogenic differentiation of hVIC. The role of ALP inhibitors
during CAVD progression in vivo requires further study. In
addition, the targets of ALP inhibitor are understudied, and
their potential mechanism should be established by scientific
investigations to treat valvular disease.

CONCLUSIONS

Our study offers some important conclusions. ALP
inhibitors exerted ability in inhibiting inflammatory reaction
and osteoblast differentiation of hVIC via the AKT, ERK and

64 ALTERNATIVE THERAPIES, JAN/FEB 2023 VOL. 29 NO. 1

Zhang—ALP Inhibitors Inhibit Inflammatory Responses




This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

NLRP3 pathways. However, further studies are needed to
confirm the potential medical value of ALP inhibitors in the
prevention of CAVD.
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