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PTX3 in serum induces renal mesangial cell proliferation
but has no effect on apoptosis
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Abstract. The present study aimed to investigate the effect
of pentraxin 3 (PTX3) on the regulation of proliferation and
apoptosis in human glomerular mesangial cells (HMCs).
Small interfering (si)RNA was designed and synthesized to
inhibit the expression of endogenous PTX3, and the effects
on the proliferation and apoptosis of HMCs were detected
by flow cytometry and an MTT assay. Western blot analysis
was used to detect the activation of mitogen-activated protein
kinase (MAPK) proteins in HMCs with PTX3 knockdown.
Three siRNAs targeting PTX3 were individually transfected
into HMCs for 48 h, and reverse-transcription quantitative
PCR demonstrated that the relative mRNA expression of
PTX3 was significantly decreased in all groups by up to
79.62% of that in the control group (P<0.05). Following
transfection with PTX3-siRNA, the viability of an HMC
line was significantly decreased in comparison with that of a
control group transfected with scrambled siRNA. However,
PTX3-siRNA did not significantly effect early and late apop-
totic cell populations in HMCs compared with those in the
control. Endogenous PTX3 interference was found to signifi-
cantly decrease p38 MAPK, extracellular signal-regulated
kinase 1/2 and c-Jun N-terminal kinase phosphorylation. In
conclusion, silencing of PTX3, inhibited the proliferation
of HMCs via MAPK pathways, but exerted no effect on the
apoptosis of HMCs.

Introduction

Mesangial cells are one of the major components of the neph-
rocyte population, accounting for 30% of renal cells (1-3).
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Mesangial cells have important roles in maintaining normal
glomerular structure and function in the three glomerular cell
types. At present, at least two types of mesangial cell have
been identified, namely smooth muscle-like cells, which repre-
sent the majority intrinsic glomerular cells, and isa-positive
phagocytic cells, belonging to the bone marrow-derived
cells (4,5). Mesangial cells serve as a source of a variety of
cytokines that they secrete and are simultaneously primary
target cells interacting with a variety of cytokines. These cells
also possess numerous important physiological functions, such
as the secretion of extracellular matrix, cytokine production
and regulation of glomerular hemodynamics by supporting
the function of contraction and expansion. In addition, the
phagocytic function of mesangial cells, which are among the
most active intrinsic glomerular cells, have an important role
in the clearance of macromolecules within the glomerular
mesangial are and regulation of immune function (6,7).
Normally, mesangial cells are only associated with functions
such as contraction, phagocytosis and maintenance of normal
metabolism of substrates. However, under pathological condi-
tions, mesangial cells release various cytokines via autocrine
or paracrine signaling, which increases the production of
extracellular matrix elevates the levels of certain cytokines.
In turn, proliferation of mesangial cells may be promoted by
cytokines with a high concentration and thus increases the
glomerulus damage. Mesangial cells are a major cell type
secreting extracellular matrix, but also have an important role
in glomerular sclerosis (8,9).

A previous study by our group found that the expression
of pentraxin 3 (PTX3) protein was significantly increased
in plasma of hemodialysis patients (10). A previous study
also indicated that the expression of PTX3 was significantly
different in the glomerular structure, and the phenomenon was
epitomized in the membrane structures (11). Inflammatory
cytokines and other stimuli significantly promote the secre-
tion of PTX3 protein by mesangial cells (12). The number of
mesangial cells was significantly increased following adminis-
tration of exogenous high concentrations of PTX3 protein, and
it was also suggested that dialysis may stimulate mesangial
cells to secrete PTX3 protein, which in turn further promotes
the proliferation of mesangial cells, inducing the development
of atherosclerotic damage through dialysis (13).

To further demonstrate the fact that PTX3 may act on
human mesangial cells (HMCs) and is involved in the
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pathophysiology of atherosclerosis, the present study applied
lentiviral technology for silencing PTX3 to further explore
the association between proliferation, apoptosis and PTX3.
In view of the role of PTX3 in high-cholesterol kidney
disease having been indicated by previous studies (14), the
present study was implemented to investigate the specific
mechanisms of PTX3 involved in early high glucose-induced
nephropathy via molecular biology methods, and to provide
novel information regarding the role of PTX3 in the blood
dialysis field.

Materials and methods

Cell culture. The SGC7901 cell line was purchased from the
Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). All cells were grown at 37°C with 5% CO, in
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) containing 10% fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 pg/ml streptomycin (Beyotime Institute of
Biotechnology, Inc., Haimen, China) and 2 mmol/l glutamine
(Biofluids, Inc. Rockville, MD, USA).

Design and synthesis of small interfering (si)RNA. The
complete sequence of PTX3 was obtained from GenBank
(https://www.ncbi.nlm.nih.gov/genbank/), with the gene 1D
NG_023046.1 (GI: 299473774). The online tool WI siRNA
(http://sirna.wi.mit.edu/home.php) was used to design the
siRNA sequences and the Basic Local Alignment and Search
Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was applied
to confirm the uniqueness of the siRNAs by comparing
the selected sequences with relevant sequences in the
Genome Database. Finally, three siRNA sequences were
selected (Table I).

Plasmid construction and cell transfection. A two-step
method of siRNA expression cassette (15) was used to
amplify the siRNA under the following conditions: 94°C for
30 sec and 72°C for 90 sec, respectively (16). T4 DNA ligase
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) was then utilized to combine the PCR products with
pRNATUG6.1 (GenScript, Piscataway, NJ, USA) for 24 h at
16°C. Escherichia coli DH5a. cells (Invitrogen; Thermo Fisher
Scientific, Inc.) were transduced with the ligation product.
Glycerin bacteria (Invitrogen; Thermo Fisher Scientific, Inc.)
were subjected to blue-white selection and endonuclease
restriction was performed for gene sequencing (17). The plas-
mids with the correct sequence of pRNATUG6.1-PTX3 were
prepared in quantity. DNA in these plasmids was extracted
and purified. The siRNA-PTX3 plasmids were transfected
into SGC7901 cells with Lipofectamine reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions.

Reverse-transcription quantitative polymerase chain reac-
tion (RT-qPCR) analysis. Cells were harvested and extracted
with TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. A total of
2 pg total RNA was reverse-transcribed in a volume of
20 pl for complementary DNA synthesis using TagMan

ZHANG et al: PTX3 INDUCES HMC PROLIFERATION

Reverse Transcription (Applied Biosystems; Thermo Fisher
Scientific, Inc.) following the manufacturer's protocol. The
products were amplified by PCR. Real-time qPCR was
performed using Power SYBR-Green PCR Master Mix
(Applied Biosystems; Thermo Fisher Scientific, Inc.) in the
Bio-Rad PTC-200 Detection System (Bio-Rad Laboratories,
Inc., Hercules, CA). Primers used for PCR were as follows:
PTX3 forward, 5~ AAGAACGTGATGGTCCCTGA-3' and
reverse, 5S'-AATATACGTGATGGGCTTGG-3'; B-actin
forward, 5'-CATTAAGGAGAAGCTGTGCT-3" and reverse,
5'-GTTGAAGGTAGTTTCGTGGA-3'". The reaction system
consisted of 2 ul sense primer, 2 ul anti-sense primer, 12.5 ul
SYBR-Green PCR Master mix (2X concentration; Applied
Biosystems; Thermo Fisher Scientific, Inc.), 1 ul template
cDNA (25 ng/ul) with double-distilled water to a final volume
25 ul. The PCR protocol was as follows: 95°C for 10 min,
followed by 40 cycles of 95°C for 10 sec, 60°C for 20 sec and
72°C for 30 sec, and a final step at 4°C for 5 min. 2*2°4 method
was used to quantify the mRNA levels (18).

Cell proliferation assay. The transfected cells were seeded
in a 24-well plate at 4x10* cells per well. After 24, 48 or
72 h of incubation, MTT (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) solution (5 mg/ml) was added to each
well. Following incubation for 4 h at 37°C, the MTT reaction
medium was removed and formazan-blue was solubilized with
100 ml of dimethylsulfoxide. The absorbance of the wells was
measured using an ELISA plate reader (Bio-Rad Laboratories,
Inc.) at 570 nm.

Flow cytometric analysis. Cells were harvested and washed
twice with ice-cold PBS and suspended in 500 pl Annexin V
binding buffer (Roche Diagnostics, Basel, Switzerland)
at a concentration of 5x10° cells/ml. Subsequently, 5 ul
Annexin V-fluorescein isothiocyanate (FITC) and propidium
iodide (PI; Roche Diagnostics) were added to the cell suspen-
sion, followed by incubation at room temperature for 15 min
in the dark prior to analysis with a FACSCalibur flow cytom-
eter (BD Biosciences, Franklin Lakes, NJ, USA). Results
were analyzed by using CellQuest software version 2.10
(BD Biosciences).

Western blot analysis. Cells were harvested and protein was
extracted using a Total Protein Extraction kit (Sigma-Aldrich;
Merck KGaA). After centrifugation at 9,000 x g at 4°C for
10 min, the protein content of the supernatant was quanti-
fied using a bicinchoninic acid protein assay kit (Pierce;
Thermo Fisher Scientific, Inc.) following the manufac-
turer's instructions. A total of 25 ug protein per lane was
separated by 10% SDS-PAGE and transferred onto a nitro-
cellulose membrane (Bio-Rad Laboratories, Inc.) using an
electro-blotting apparatus (Bio-Rad Laboratories, Inc.). The
membranes were then blocked with 5% (w/v) skimmed milk
in Tris-buffered saline containing Tween-20 (TBST) for
2 h at 37°C, followed by incubation overnight at 4°C with
the following primary antibodies: Anti-p38 (cat. no. 9212),
anti-phospho-p38 (cat. no. 9211), anti- c-Jun N-terminal
kinase (JNK; cat. no. 9252), anti-phospho-JNK (cat. no. 9251),
anti-extracellular signal-regulated kinase (ERK; cat. no. 9102),
anti-phospho-ERK (cat. no. 9101; all 1:1,000; Cell Signaling
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Table I. Sequences of small interfering RNAs.
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Start (loci) GC% Sequence

145 47 Sense, 5'-ATTTGCCCTGGTTATATCA-3'
Anti-sense, 5-"AUAUGUGUGUAUCCGACUGTT-3'

234 45 Sense, 5'-TG GTCTGTGCCCTTCAA GA-3'
Anti-sense, 5-UUGAAGGUGAGGAUAACGCTT-3'

345 45 Sense, 5'-TGGAAGGAATGAAGGAATG-3'
Anti-sense, 5-GAGAGUGGGUUUCCAGUAUTT-3'

Negative control 46 Sense, 5'-UUCUCCGAACGUGUCACGUTT-3'

Anti-sense, 5~ ACGUGACACGUUCGGAGAATT-3'

Technology, Inc., Danvers, MA, USA). Subsequently, the
membranes were washed with TBST and incubated with
goat anti-rabbit IgG (cat. no. 8885; 1:1,000; Cell Signaling
Technology, Inc.) at room temperature for 2 h. The protein
bands were visualized by enhanced chemiluminescence system
(ECLTM PRN 2106; GE Healthcare Life Sciences, Little
Chalfont, UK) according to the manufacturer's instructions.
The images were captured using a Luminescence/Fluorescence
Imaging System (GE Healthcare Life Sciences). Quantitative
analysis of western blots was performed using ImageJ 1.41
software (National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All experiments were performed three
times. Data were analyzed using SPSS 16.0 software (SPSS,
Inc., Chicago, IL, USA) and values are expressed as the
mean + standard deviation. Differences among groups were
analyzed using one-way analysis of variance followed by
Tukey's test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Silencing of PTX3 in HMCs. To investigate the role of PTX3
in mesangial cells, changes in the cellular activity of various
sub-clone cell lines stably transfected with vectors expressing
siRNA-1, -2 or -3 was assessed. Stable transfection efficiency
was confirmed via assessing the mRNA levels of PTX3 in
HMC:s transfected with siPTX3-1, siPTX3-2 or siPTX3-3 by
RT-qPCR. The mRNA levels in the cells in the three PTX3
groups were found to be significantly reduced in comparison
with those in the control group (P<0.05; Fig. 1). Of these,
siRNA1 had the highest knockdown efficiency and inhibited
the expression of PTX3 mRNA by 79.62%.

Effect of siRNA targeting PTX3 on the proliferation of HMCs.
To study the effect of PTX3 silencing on the proliferation
of HMCs, growth curves of cells in the siPTX3 and control
groups were determined by using an MTT assay. After the
expression of PTX3 protein was inhibited, the cell prolifera-
tion was significantly reduced within 3 or 4 days compared
with that in the scrambled siRNA group (Fig. 2).

Effect of siRNA targeting PTX3 on the apoptosis of HMCs.
Apoptosis is a type of cell death associated with cell shrinkage,
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Figure 1. siPTX3 significantly reduced the expression of PTX3 mRNA in
human glomerular mesangial cells. “P<0.01 vs. Scramble. PTX3, pentraxin 3;
siPTX3, small interfering RNA targeting PTX3.
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Figure 2. Human glomerular mesangial cell proliferation in Scramble,
siPTX3-1,siPTX3-2 and siPTX3-3 groups. OD450, optical density at 450 nm;
siPTX3, small interfering RNA targeting pentraxin 3. ‘P<0.05 vs. siPTX3-1,
-2 and -3.

chromatin and nuclear condensation as well as membrane
blebbing. In order to examine whether knockdown of PTX3
is associated with apoptosis of HMCs, the apoptotic rate was
assessed by flow cytometry following Annexin V-FITC/PI
double staining. As presented in Fig. 3, no statistically signifi-
cant differences in cell apoptosis between the siPTX3 groups
and the scrambled group were observed, and no significant
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Figure 3. siPTX3 had no significant effect on the apoptosis of human glomerular mesangial cells. siPTX3, small interfering RNA targeting pentraxin 3; FITC,

fluorescein isothiocyanate; PI, propidium iodide.
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Figure 4. Protein levels of p38 MAPK, JNK and ERK1/2 as well as their phosphorylated forms in human glomerular mesangial cells. Phosphorylation of p38
MAPK, JNK and ERK1/2 were significantly reduced after knockdown of PTX3. "P<0.05, “P<0.01 vs. Scramble. MAPK, mitogen-activated protein kinase;
p-ERK, phosphorylated extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase; PTX3, pentraxin 3; siPTX3, small interfering RNA targeting

PTX3.

differences in Annexin V-FITC/PT (upper left quadrant) cell
percentage was observed.

Effects of siPTX3 on the activation of the mitogen-activated
protein kinase (MAPK) pathway. To investigate the possible
signaling pathways associated with PTX3 knockdown, the
phosphorylation of JNK, p38 MAPK and ERK1/2 in HMCs
was assessed by western blot analysis. As displayed in Fig. 4,
the expression levels of total protein of p38 MAPK, JINK and
ERK1/2 were not changed by siPTX3, while the phosphoryla-
tion of p38 MAPK, JNK and ERK was significantly decreased
(P<0.05). These results suggested that downregulation of p38
MAPK, ERK and JNK phosphorylation was associated with
the knockdown of PTX3.

Discussion

Various molecular biological studies have demonstrated that
the effect of extracellular and intracellular factors on cell
proliferation and growth occurs at the cell cycle level (12-15).
Abnormalities of the cell cycle of kidney cells was reported to
not only induce the kidney disease in hemodialysis patients but
to also regulate disease progression (6).

Renal cell hypertrophy as well as abnormal proliferation
and apoptosis are important processes in the development of
hemodialysis-associated nephropathy (17-19). Studies have
indicated that hemodialysis-associated nephropathy occurred
due to early high-glucose dialysis and a variety of factors
affecting the cell cycle. Under high glucose, several factors
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stimulating kidney cell proliferation and hypertrophy lead to
early pathological changes, including irreversible changes in
the organizational structure, such as glomerular sclerosis and
interstitial fibrosis, finally causing hemodialysis-associated
nephropathy (20). Under normal conditions, the prolife-
ration rate of renal cells is rather low at no more than 1%.
The remaining cells are quiescent and rest in GO phase, the
inactive stage of the cell cycle. Upon stimulation by growth
factors or cytokines, these cells are activated and resume to G1
phase; during this period, the cell volume increases, protein
is augmented and mRNA synthesis is performed to prepare
for DNA replication. After a short pause, if the conditions
are suitable for cells, they enter the S phase by passing the
G1/S-phase checkpoint to undergo cell proliferation. However,
if the expression of checkpoint inhibitors increases during the
G1 phase of the cell cycle, the cells fail to pass through the
checkpoint and proliferation is paused, while cells remain to
have an increased volume and are hypertrophic. A series of
complex signaling processes induces the expression of genes,
which regulate division and determine cell fate (21).

The present study demonstrated that PTX3 has no
significant effect on apoptosis in HMCs; however, it did induce
proliferation. Further investigation using western blotting
revealed that the expression of p-p38, p-JNK and p-ERK was
decreased to different extents.

MAPKSs are serine/threonine protein kinases that are
ubiquitous in mammalian cells and are involved in cell growth,
development, division, death and functional synchronization
as well as physiological reactions. Furthermore, MAPKs
mediate cell proliferation and differentiation, and represent
an intersection of common cell signaling pathways (22). Since
the discovery of ERK in mammalian cells in 1991, studies
on MAPK signaling pathways have led to rapid develop-
ments (23). To date, at least four MAPK family members have
been identified: ERK, JNK/stress-activated protein kinase
(SAPK), p38 MAPK and ERK5/big mitogen-activated protein
kinase 1 (BMK1) (24,25).

The mechanism of activation is similar for the different
MAPKs family members, as they are all activated by phos-
phorylation via three enzymatic linking reactions. ERK is
a major member of the MAPK family and comprises five
subtypes: ERK1/2, -3/4 and -5. ERK1 and -2 constitute a
highly homologous subclass and may be activated by extra-
cellular stimuli, including factors such as epithelial growth
factor. These factors utilize G protein receptors, growth factor
receptors, tyrosine kinase receptors and the Raf/MAPK
kinase/ERK signaling cascade to active ERKI1/2 and regulate
transcription factors as well as the activity of a number of
kinases. The ERK pathway regulates cell growth, develop-
ment, proliferation and differentiation, and may further
be involved in malignant transformation of cells and other
physiological and pathological processes. ERK has the ability
of promoting protein synthesis and cell proliferation (26). INK
mainly includes three subclasses (JNKI-3). The JINK/SAPK
pathway may be activated by numerous sources of stress,
pro-inflammatory cytokines and components of the inflam-
matory response, including macrophage colony stimulating
factor, platelet-derived growth factor and transforming growth
factor {3, high blood sugar, lipopolysaccharide, osmotic stress
and heat shock. Dual-specificity kinases MAPK kinase 7
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and 4 act on the tyrosine and threonine sites of JNK to
specifically activate the JNK pathway, the downstream c-Jun,
activating transcription factor 2 (ATF-2) and c-fos, are able
to cause the cell growth change, produce prostate substances
and cell dysfunction (27). p38 MAPK includes a total of six
subclasses (p38a, p38p, p38A, p389), which may be acti-
vated by various stimuli, including hormones, inflammatory
cytokines, endotoxin, G protein-coupled receptor ligands,
cell tension (cell stretch) and ultraviolet light. After activa-
tion of p38 MAPK kinase and translocation into cell nuclei,
phosphorylated ATF-2 participates in the phosphorylation
and activation of heat shock protein via its targets MAPK
activated protein kinase (MAPKAPK)-2, MAPKAPK3 and
MAPKAPK?25 (28). ERK5/BMKI is an important regulator of
the cellular response for growth factors and may be activated
by environmental stress, but not by any vasoactive substances
or inflammatory factors (29,30).

Serum inflammatory factors act as pathogenic inducers in
kidney dialysis patients and may be activated by a variety of
factors, such as oxidative stress and polyol release. In addi-
tion, accumulation of advanced glycation end products in
glomerular mesangial cells of hemodialysis patients results
in the activation of MAPKSs, which then phosphorylate tran-
scription factors regulating gene expression and, to a certain
extent, cause and accelerate the occurrence of hemodial-
ysis-associated kidney necrosis (31). PTX3 protein is involved
in energy metabolism and proliferation of intestinal and lung
cells via the MAPK pathway (32). In line with this, the present
study also found that silencing of PTX3 in HMCs decreased
the activity of phosphorylated p38 MAPK, ERK and JNK.
However, in line with the results of previous clinical studies,
PTX3 knockdown had no significant effect on the apoptosis of
mesangial cells (3.4).

In conclusion, the results of the present study suggest that
PTX3 may affect MAPK pathways to regulate renal mesangial
cell proliferation and participate in the pathophysiological
development of early hemodialysis-associated nephropathy.
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