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Abstract: Aging is tightly associated with various diseases, such as cardiovascular diseases; however, there is no
effective biomarker to detect and evaluate the aging process in vivo. Therefore, it is critical to identify new aging
biomarkers for earlier diagnose of aging-related diseases. This study investigated the profile of cytokines in serum
samples of young and aged mice with the purpose of exploring new biomarkers that have remarkable alterations
in aging. A solid-phase antibody array was used to screen 200 proteins in the mouse serum, among which 32 cytokines differentially expressed between young and aged mice were screened. The major proteins were secreted
frizzled-related protein 3 (sFRP3), Fractalkine, IGFBP-5, IGFBP-6, etc. We select secreted frizzled-related protein 3
(sFRP3) in follow-up study. Then, enzyme-linked immunosorbent assay (ELISA) was used to detect the expression
levels of sFRP3. Our results revealed that the expression levels of sFRP3 in serum samples from aged mice were
significantly higher than those in samples from young mice. ELISA data were identical to those obtained by the antibody array. Our findings indicated that sFRP3 has remarkable significance in senescence. Furthermore, we detected
sFRP3 level in culture supernatants of primary endothelial cells, and the variation trend of sFRP3 levels in culture
supernatant was consistent with serum data. We also detected serum sFRP3 amounts in healthy young and elderly
individuals. Interestingly, serum sFRP3 amounts in the elderly were significantly increased compared with those of
young individuals.
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Introduction
Aging is a complex life process that affects several aspects of human biology, and endothelial
cell senescence is an important aspect thereof.
A decline in aging-related immune function may
explain why the elderly are more susceptible to
cardiovascular disease, cancer and infectious
diseases [1, 2]. Aging is associated with different types of heart diseases, and Wnt signaling
may be involved in the development of heart
disease associated with aging. Recent studies
have shown a link between Wnt signaling and
premature aging or aging-related phenotypes
[3]. Furthermore, premature senescence of
endothelial cells is a major cause of various

cardiovascular diseases [4]. The incidence rates of cardiovascular diseases and tumors annually increase worldwide [5]. Therefore, indepth identification and studying aging-related
proteins is significant for the diagnosis and
treatment of senile diseases.
The Wnt signaling pathway involves Wnt proteins, Wnt receptors and Wnt regulatory proteins. It regulates the proliferation and differentiation of cells, and plays a crucial role in the
development and functions of various tissues
[6]. Some reports demonstrated that Wnt signaling also regulates aging in a variety of tissues. Wnt proteins typically bind to the Frizzled
(Fzd) receptor located in the plasma membrane,
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Table 1. Male mice growth data
Group
Young Mice
Aged Mice

N
19
19

Age (month)
2
18

Weight (g)
22.1±0.93
35.7±1.05

Table 2. Healthy young and elderly group
characteristics
Group
Age (year)
Weight (Kg)
BFS (mmol/L)
TC (mmol/L)
TG (mmol/L)
LDL-C (mmol/L)
Gender (male/female)

Young
Elderly
28.17±3.89 70.87±7.22
60.83±8.81 62.93±6.73
4.60±0.33 4.91±0.45
4.09±0.57 4.43±0.48
0.87±0.30 1.01±0.26
2.14±0.48 2.40±0.53
15/15
17/13

Values are expressed as mean ± SD or number. BFS:
Blood-fasting sugar; TC: Total cholesterol; TG: Total triglyceride; LDL-C: Low density lipoprotein cholesterol.

and induce a variety of intracellular responses
[7, 8]. Wnt proteins can activate intracellular
Wnt/β-catenin signaling to participate in the
senescence of various tissues and organs, Wnt
signaling in bone, kidney, intestine and adipose
tissue and interorgan interaction in aging [9].
Secreted frizzled-related protein 3 (sFRP3) is a
member of the sFRP family that inhibits Wnt
signaling by binding directly to Wnt proteins via
their regions of homology to the Wnt-binding
domain of Fzd receptor [10]. The sFRP3 protein
acts as a regulator of the Wnt signaling pathway, and has been observed in various human
tissues, especially in the placenta and heart.
sFRP3 plays an important role in embryonic
development and carcinogenesis [11]. However,
the sFRP3 protein has not been reported in
available aging-related studies.
In this work, protein microarray technology was
used to assess differential proteins in mouse
aging. A solid-phase antibody array was used to
screen 200 proteins in the mouse serum,
among which 32 differentially expressed proteins were identified between young and elderly
mice. We investigated the profiles of cytokines
in serum of young and aged mice. Then, sFRP3
expression was detected by enzyme-linked
immunosorbent assay (ELISA) in young and
elderly mice. We also detected the variation of
sFRP3 in culture supernatants of primary endothelial cells in mice. In addition, we detected
the expression levels of sFRP3 in serum from
healthy young and the elderly individual.
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sFRP3 may be a specific protein marker of aging, participating in the aging process of endothelial cells. These findings provide new targets
for the pathogenesis and treatment of agingrelated diseases.
Materials and methods
Mice
Male C57BL/6 mice were purchased from Nanjing Biomedical Research Institute of Nanjing
University (Nanjing, Jiangsu province, China)
and housed in specific pathogen-free conditions at Central Animal Laboratory of Anhui Provincial Hospital (Hefei, Anhui province, China).
Young mice were purchased at the age of 8
weeks and used for experiments within 1 week
after arrival. Elderly mice were purchased at
the age of 10 months, and housed for another
8 months before the experiments. During the
feeding period, body weights were recorded, closely monitoring the animals to ensure healthy
growth (Table 1). The animal protocols were
approved by the Biomedical Ethics Committee
of Anhui Provincial Hospital.
Human subjects and blood samples
Healthy young and elderly subjects were recruited for this study. Clinical data regarding all
subjects were in Table 2. We collected the subject’s peripheral blood (PB) (all subjects, in the
fasted state, in the morning for a physical exam). All serum was obtained after centrifugation and stored at -80°C until further use. This
study conformed to protocols approved by the
institutional review boards of Anhui Provincial
Hospital.
Antibody array processing
A combination of 5 non-overlapping arrays for
quantitative measurement of 200 Mouse cytokines (QAM-CAA-4000, Raybiotech, Norcross
GA, USA) was used to detect protein in serum
samples from eight groups of mice. The array
consisted of eight glass slides imprinted with
200 antibodies. Briefly, serum was incubated
in these assay pools for 2 h. After washing, the
array glass slides were incubated with Biotinylated Antibody Cocktail for another 1 h. The
samples were washed again and incubated
with Cy3 Equivalent Dye-Streptavidin for 1 h
at room temperature. The slides were scanned with InnoScan 300 Microarray Scanner
(Innopsys Parc d’Activités Activestre; 31 390
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Table 3. Protein microarray data of differential cytokines in serum samples of young and aged mice
Cytokines
Fractalkine
IGFBP-5
IGFBP-6
IL-17E
I-TAC
MDC
IL-15
IL-21
Leptin
MIG
MIP-1a
GITR L
Lymphotactin
CD6
DLL4
Osteoactivin
OX40 Ligand
PlGF-2
ANG-3
CCL28
Epigen
Galectin-7
Gremlin
IFNg R1
MIP-1b
Persephin
sFRP-3
Shh-N
SLAM
TECK
TGFb1
TWEAK

Young (n=4)
374.22±280.02
3770.46±933.67
51424.19±13712.88
196.77±142.51
252.24±187.10
54266.88±11681.25
882.86±226.03
918.25±297.93
713.21±155.99
818.21±173.53
725.58±49.16
405.28±77.57
293.35±105.07
4055.37±955.71
9408.85±2784.62
614.20±242.38
929.52±642.38
390.71±402.33
1938.68±348.27
2287.08±569.18
4499.02±818.32
3781.47±271.12
996.30±172.44
5846.41±766.84
1650.89±262.54
3406.18±477.69
2983.91±661.45
4212.82±683.68
3678.37±529.28
740.79±118.78
17821.92±2221.25
5547.25±796.23

Aged (n=4)
927.14±303.20
7525.70±1712.77
23607.81±14511.04
524.08±43.83
911.67±419.45
92906.56±15581.87
1725.10±301.56
1432.93±133.05
1491.44±347.22
1229.16±145.51
1439.61±253.84
965.72±340.77
740.02±229.24
1599.53±788.84
4209.44±1345.84
1947.85±694.65
2273.15±631.55
1754.32±483.98
3833.80±1175.91
4046.59±1117.35
7284.07±1485.46
5723.31±851.63
3158.25±1096.32
9667.36±2284.79
3722.14±748.91
6336.31±1699.62
10410.41±2760.77
6998.47±1447.66
6831.67±1439.58
1753.84±397.18
29742.05±6181.41
10870.80±2261.85

Fold-change
1.30891259
0.997084988
-1.123182752
1.413255694
1.853697356
0.775708524
0.966422561
0.642019988
1.06431491
0.58711845
0.988474281
1.252692934
1.334946457
-1.342186224
-1.160388175
1.665102441
1.29014186
2.166756368
0.983699131
0.823200158
0.695134832
0.597901321
1.664468628
0.725570281
1.172882197
0.895487101
1.802749335
0.732254669
0.893172087
1.243386449
0.738851146
0.970614612

P-value
0.036789943
0.013845086
0.031831847
0.015197574
0.043482921
0.008600027
0.005095772
0.032639773
0.013813349
0.011561618
0.009637616
0.042730809
0.022030626
0.007969166
0.025022401
0.02518712
0.024547193
0.005300427
0.043347546
0.042875092
0.024184841
0.015325596
0.027487912
0.038186943
0.007793881
0.036339497
0.010307478
0.022772598
0.016360262
0.011079997
0.024621678
0.013238362

The vaules of mean flourscence indensity (MFI) are represented by mean ± SD.

Carbonne-France), and the signal extraction
was performed with the InnoScan 300 Microarray software. The extracted data were analyzed with the GSM-CAA-4000 data analysis
software.
Detection of cytokine levels in serum and primary endothelial cells by ELISA
Taking the aorta of mice, fully exposed endothelial cells were exfoliated in sterile phosphate buffered saline (PBS) under a phase-contrast microscope. The obtained primary endothelial cells were cultured, after they grew to
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confluency, primary culture supernatants was
subject to were assessed by detection with
ELISA. Based on the results of antibody arrays,
the most relevant cytokines were selected,
sample size was expanded, and cytokine levels
in young and aged mice were assessed by
ELISA (Raybiotech, Norcross GA, USA), according to the manufacturer’s instructions. Serum
dilution factors were specific to the individual
serum biomarkers. After dilution, samples were incubated in plates coated with capture antibodies for 2.5 h at room temperature. The
plates were then washed and successively
incubated with a biotinylated antibody for 1 h

Am J Transl Res 2019;11(3):1810-1818
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Figure 1. Unsupervised-hierarchical cluster analysis of differentially expressed cytokines. Array data of the 32 differentially expressed biomarkers were used for unsupervised-hierarchical cluster analysis by the Cluster 3.0 software.
The results showed that young and aged mice were discriminated accurately. Green, black and red represent low,
median and high serum protein levels, respectively.

and streptavidin-horseradish peroxidase (HRP)
solution for 45 min at room temperature. After
adding 3, 3’, 5, 5’-tetramethylbenzidine (TMB)
substrate, the reaction was stopped by addition of 50 μL sulfuric acid, and optical density
(OD=450) was recorded ona Multiskan MK3
microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA). Serum samples from healthy young people and the elderly are also tested in the same way.
Statistical analysis
Protein microarray data were statistically analyzed with the “R” programming language. After
raw data were normalized by the software, differential proteins were screened by fold-change
and P-value. Data are mean ± standard deviation (SD). Values for normal mouse serum and
endothelial cells were validated for use in
ELISA, and statistically analyzed by the MannWhitney U test. All statistical analyses were
performed with the SPSS 20.0 software (IBM
Corp., Armonk, NY, USA). Differences between
groups were determined by the Mann-Whitney
1813

U test, and were considered statistically significant at P<0.05.
Results
Cytokine data analysis
After analysis with the Raybiotech analysis
software, the values of mean flourscence indensity (MFI) were statistically analyzed. Thirtytwo cytokines were differentially expressed
between young and aged mice. The levels of
Fractalkine, IGFBP5, IL-17E, I-TAC, MDC, IL-15,
IL-21, Leptin, MIG, MIP-1a, GITR L, Lymphotactin, Osteoactivin, OX40 Ligand, PIGF-2, ANG-3,
CCL28, Epigen, Galectin-7, Gremlin, IFNg R1,
MIP-16, Persephin, sFRP3, Shh-N, SLAM, TECK,
TGFb1 and TWEAK were increased, while IGFBP-6, CD6 and DLL4 amounts were decreased
in serum samples from aged mice compared
with values for young animals. The mean values
of these thirty-two biomarkers and fold-changes in serum samples from young and aged
mice showed clear differences (Table 3). Among
these differentially expressed proteins, we foAm J Transl Res 2019;11(3):1810-1818
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Figure 2. (A) Assay of sFRP3 by cytokine array. The fluorescent signals of the sFRP3
were acquired and their signal intensities
were proportional to protein amounts. Each
antibody was assessed in duplicate. The locations of sFRP3 were noted in colored boxes. Q1-Q4, young mice; S1-S4, aged mice.
(B) Scatter diagram of the sFRP3 from antibody array data. After performing statistical
analysis by using Mann-Whitney U test, the
data of serum sFRP3 expressed differentially between the young and aged samples
are shown by Scatter diagram (P<0.05). The
centerline in the Scatter diagram indicates
the median in each group.

und that the difference in fluorescence signal
intensity of sFRP3 in aged mice and young mice
reached 3.5 fold (young mice =2983.914089,
aged mice =10410.41235), and the Foldchange reached 1.8 fold. The findings revealed
that the expression of the screened proteins
were significantly different between young and
aged mice (Figure 1).
sFRP-3 expression
The fluorescent signals of sFRP3 were captured, and their intensities are proportional to
protein amounts. Each antibody was assessed in duplicate. The locations of sFRP3 were
noted in colored boxes (Figure 2A). The levels
of sFRP3 were significantly higher in serum
1814

samples from aged mice than in those from
young animals (P=0.0103) (Table 2; Figure 2B).
Verification of ELISA data
After cytokine microarray analysis, ELISA was
conducted to validate microarray date. Validation of sFRP3 identified by antibody array was
performed with additional samples by ELISA.
The expression levels of the sFRP3 was significantly higher in serum samples from aged
mice compared with those from young mice
(P<0.0001, Figure 3A), confirming the reliability of protein microarray results. Besides, ELISA
detected sFRP3 levels in culture supernatants
of primary mouse endothelial cells, and sFRP3
levels in primary endothelial cells from aged
Am J Transl Res 2019;11(3):1810-1818
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Figure 4. The sFRP3 level in serum samples of healthy
young and elderly people was detected by ELISA assay. The data are shown in a scatter diagram with
mean ± standard deviation (SD). ****P<0.0001 vs.
elderly people.

Figure 3. A. The sFRP3 level in serum samples of
young and aged mice was detected by ELISA assay.
The data are shown in scatter diagram with mean
± standard deviation (SD). ****P<0.0001 vs. aged
mice. B. The sFRP3 level in the primary endothelial
cells of young and aged mice was detected by ELISA
assay. The data are illustrated in a scatter diagram
with mean ± standard deviation (SD). **P<0.01 vs.
aged mice.

mice were also remarkably higher than those
of cells from young mice (P<0.05, Figure 3B).
Besides, the level of sFRP3 expression in the
serum of the elderly is significantly different
from that of young people (P<0.0001, Figure
4).
Discussion
Although there are a number of studies assessing changes of selected cytokines during aging
through body fluid [12], in the present study, we
firstly presented a high-throughput solid protein array approach with sufficient clinical
specificity and sensitivity to identify novel
serum biomarkers of aging. The protein chip
technology has been rapidly developed in recent years as an advanced new tool [13-15]. Its
1815

basic principle is to make various proteins
orderly fixed on all kinds of medium carrier.
Tagged antibodies that are specified will be
matched by chromatin immunoprecipitation
(ChIP). Then, the fluorescent-antibody can be
matched with the relevant protein. Meanwhile,
the corresponding signal indicates the expression levels of the protein. All the other antibodies, which are not complementary, would be
washed out, and samples are assessed with a
fluorescent scanner or by laser scanning technology. The fluorescence intensity of each point
on the ChIP and interaction among proteins
was analyzed, yielding the expression levels of
related proteins.
In this study, the primary screen deployed a
novel cytokine antibody array that can simultaneously detect 200 cytokines. Furthermore, 32
cytokines differentially expressed between the
young and aged mice were screened. The unsupervised-hierarchical cluster analysis accurately differentiated young and aged mouse samples using the microarray data.
Most of the 32 selected cytokines belong to the
chemokine family, including Fractalkine, I-TAC,
MDC, MIG, MIP-1a, Lymphotactin, CCL28, MIP1b, TECK. Growth factors include IGFBP-5,
IGFBP-6, PlGF-2, ANG-3, DLL4, Epigen. Tumor
necrosis factor family include GITR L, OX40
Ligand, TGFb1. Some other cytokines such as
IL17E is a pro-inflammatory factor. Leptin is a
protein hormone secreted by adipose tissue.
Osteoactivin is a highly glycosylated secreted
Am J Transl Res 2019;11(3):1810-1818
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glycoprotein. Galectin-7 is a member of the animal lectin family and plays an important role in
tumor transformation and apoptosis. Gremlin is
a member of the cysteine knot superfamily and
plays an important role in embryonic growth
and development. IFNg R1 is an immunoregulatory factor. Persephin and Shh-N belong to
Neurotrophic factor. TWEAK is a multifunctional cytokine involved in cell proliferation, migration, differentiation, apoptosis, angiogenesis
and inflammation. These genes may participate
in some biological processes or cellular components to play an important role in the natural
aging of mice through their own unique molecular functions.
We selected sFRP3 with significant differences
in protein chip results and conducted follow-up
studies. Although the difference in PIGF-2 is greater, its fluorescence signal expression intensity is much lower than that of sFRP3 in protein chip results. In addition, PIGF-2 has been
reported in many studies on aging-related diseases, However, sFRP3 has not been reported
in aging-related study.
To confirm the results derived from the microarray analysis, ELISA were carried out to detect
the expression level of sFRP3. ELISA assay
showed that the sFRP3 level in serum sample
of aged mice was significantly higher than that
of young mice, which was identical compared to
those obtained from the antibody array. We
also detected the levels of sFRP3 from culture
supernatant of the primary endothelial cells of
mice. Similarly, the levels of sFRP3 in the serum
of healthy young people are higher than that in
elderly. These results suggested that protein
array is a potent tool in biomedical discovery.
sFRP3 may play important roles in specific
patho-physiological processes of aging, particularly, in endothelial cell senescence, which
may become potential biomarkers in serum.
sFRPs are a family of soluble proteins known
for their ability to inhibit signaling pathway by
binding to Wnt ligands and/or Fz receptors [1618]. sFRPs were the first Wnt antagonists identified and are structurally associated with Fz
proteins. The N-terminal of these proteins (about 300 amino acids in length) possess an
Fz-like cysteine-rich domain (CRD), displaying
similar sequence homology to the CRD on the
extracellular portion of the Fz receptors. However, unlike Fz receptors, sFRPs do not possess
1816

transmembrane or cytosolic domains. Upstream the CRD, there is a signal peptide. In addition to the CRD region, sFRPs have a hydrophilic region on the C-terminal that appears to confer heparin-binding properties [17-19]. Previous
studies demonstrated aberrant expression of
sFRPs in different types of cancer [20-22].
Although sFRPs were initially considered tumor
suppressors that exert an inhibitory role in Wnt
signaling (as they have been found to be downregulated in the majority of tumors), recent findings indicate that sFRPs could also stimulate
and activate the Wnt signaling pathway [17,
23]. Furthermore, there are numerous reports
concerning the overexpression of sFRPs in cancer, therefore, this behavior can no longer be
considered as inconsistent, and it should be
noted that sFRPs exert a dual-role in Wnt signaling, which has been shown to be deleterious
[21-23]. A previous study reported SFRP downregulation in various types of cancer, indicating
loss of function [21-24]. Besides, a sFRP family
member was shown to strongly promote the
growth of intracranial glioma xenografts in
nude mice as well as glioma cell growth in vitro
[25]. Other studies revealed that sFRP3 is an
important morphogen of mouse neurogenesis
[26-28]. The sFRP3 protein has also been
shown to play a role in the development of plasma cell myeloma, medulloblastoma, malignant
melanoma, and gastric carcinoma [29]. The
present study revealed that sFRP3 amounts in
serum samples from aged mice were higher
than those obtained from young subjects, suggesting that sFRP3 may be a novel biomarker
of aging.
In summary, this study assessed young and
aged mice for serum biomarkers of aging by
protein arrays, whose results were confirmed
by ELISA. Importantly, sFRP3 levels were firstly
found to be higher in serum samples from aged
mice compared with those from young subjects. These results suggest that sFRP3 may be
a specific biomarker of aging, participating in
the aging process of endothelial cells, and provide new targets for the pathogenesis and
treatment of aging-related diseases.
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