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Antibody microarray analysis of serum inflammatory cytokines in 
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Background: Calcific aortic valve disease (CAVD) is a slowly progressive pathologic process associated 
with significant morbidity and mortality, CAVD is the most common valve heart disease in the elderly and a 
leading cause of aortic valve stenosis. Multiple steps characterize the process: inflammation, cell apoptosis, 
lipid deposition, renin-angiotensin system activation, extracellular matrix remodeling, and bone formation. 
This paper focuses on detecting and analyzing the expression of serum inflammatory factors in CAVD by 
antibody microarray techniques. 
Methods: In this study, a total of 258 patients were included at Tianjin Chest Hospital between January 
2017 and December 2018, subjects were divided into three groups: control, coronary artery disease (CAD), 
and CAVD. Blood samples were collected, and adipokine/cytokine/chemokine serum profiles were measured 
by antibody arrays. 
Results: These data suggest that B-Lymphocyte Chemoattractant (BLC), Interleukin (IL)-12p40, 
monokine inducible by γ interferon (MIG), and Macrophage inflammatory protein (MIP)-1delta were 
significantly increased in CAVD compared to control or CAD. Furthermore, Real-time quantified PCR, 
Western blot assay , and Flow cytometer detection showed that these four cytokines/chemokines were from 
peripheral blood mononuclear cells.
Conclusions: These findings suggest that BLC, IL-12p40, MIG, and MIP-1delta can be used as a marker 
to assess CAVD, which could have significant clinical implications.
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Introduction

Valvular heart disease is a common cause of heart failure 
and continues to occur in many patients with significant 
morbidity and mortality. The age-adjusted prevalence of 
moderate or severe valve diseases was estimated at 2.5% 
(1,2). Calcific aortic valve disease (CAVD) is the most 
common valve heart disease in the elderly and a leading 
cause of aortic valve stenosis (3). Because no effective 

pharmacological therapy exists (3), CAVD confers a high 
clinical and economic burden. The disease progression is 
rapid and, although initially indolent, it results in heart 
failure and premature death if left untreated (4). Due to 
rising life expectancy and aging populations in China, the 
burden of CAVD will significantly increase in the future. 

CAVD shares some risk variables with coronary 
artery disease (CAD), including diabetes, hypertension, 
metabolic syndrome, dyslipidemia, and smoking (4-6). The 
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pathobiology of CAVD is akin to an athero-inflammatory 
process (7-9). While CAVD was initially thought to be a 
degenerative process with passive deposition of calcium 
phosphate in the valve occurring with age, it now is a 
complex and actively regulated progress mediated by 
inflammation, cell apoptosis, lipid deposition, renin-
angiotensin system activation, extracellular matrix 
remodeling, and bone formation (6,7). CAVD and CAD 
often coexist. CAD is prevalent in >60% of patients 
undergoing surgical aortic valve replacement (SAVR), and 
up to 65% of patients undergoing transcatheter aortic 
valve replacement (TAVR) (8,9). This strong association 
is believed to be due to the common pathophysiology 
involving low-density lipoprotein-mediated inflammatory 
response resulting in an accelerated atherosclerotic 
procedure as well as shared identical danger elements 
including age, diabetes, high blood pressure, metabolic 
disorder, dyslipidemia and cigarette smoking (10,11). 
However, CAVD mainly destroys endothelial valve cells and 
stromal cells, aggravating valve calcification, resulting in 
valve orifice stenosis and obstruction of the left ventricular 
outflow tract (12). Atherosclerosis destroys vascular 
endothelial cells and smooth muscle cells, and coronary 
artery occlusion and severe stenosis are the main causes of 
harm to patients with atherosclerosis (13,14). Therefore, 
there should be similarities and differences between them. 
To better keep an eye on the development of CAVD and 
show one of the most proper circumstances for surgical 
intervention, biomarkers can be serially checked. Such 
biomarkers would undoubtedly stand for objective research 
laboratory dimensions, as older individuals with CAVD 
could have irregular signs and symptoms connected with 
comorbidities, including pulmonary illness or orthopedic 
impairments.

Methods

Serum sample collection

In the current study, a total of 258 patients were included 
at Tianjin Chest Hospital between January 2017 and 
December 2018. Informed consent was obtained from all 
individual participants included in the study. Table 1 shows 
the detailed characteristics of the patients. CAVD patient 
group (n=86): criteria for transthoracic, echocardiography 
diagnosis of aortic stenosis: adopt the guidelines for 
diagnosis and treatment of valvular heart disease issued 
by the American heart association/American College of 
Cardiology (AHA/ACC) in 2014. Severe stenosis: aortic 
valve orifice area <1.0 cm2, maximum jet velocity >4.0 m/s,  
Average cross-valve pressure difference >40 mmHg 
(congenital, aortic valve defoliation deformity, rheumatic 
valve disease; severe infection; clear history of myocardial 
infarction; severe mitral or aortic regurgitation; moderate 
to severe renal insufficiency; current or chronic liver 
disease; connective tissue disease is active; recent history 
of bleeding; long-term use of cortisol hormones or non-
steroidal anti-inflammatory drugs; incomplete data or poor 
compliance were excluded). CAD patients group (n=86); 
the diagnostic criteria of CAD proposed by the Coronary 
Artery Surgery Study (CASS) were as follows: coronary 
angiography showed positive coronary artery stenosis 
≥50% of the left main coronary artery or stenosis ≥70% of 
the left anterior descending branch, left spiral branch and 
right coronary artery (combined with various heart valve 
diseases; severe infection; severe renal insufficiency; severe 
hepatic insufficiency; connective tissue disease is active; 
recent history of bleeding; malignant tumor; incomplete 
data or poor compliance were excluded). The control group 
(n=86): healthy people (valvular heart disease; coronary 

Table 1 Demographic comparison between different groups

Variable Control CAVD CAD χ2 P

Age (years) 76.00 (7.00) 78.00 (10.75) 75.00 (7.00) 23.769 0.010

Hypertension 67.90% 88.90%* 66.30% 9.429 0.024

Diabetes mellitus 19.20% 50.00%* 42.30%* 18.542 0.000

Smoke 26.90% 63.90%* 48.10%* 19.412 0.000

Man 60.26% 55.60% 72.10% 4.610 0.203

Data are shown as n (in %) or mean ± SD. *, statistically significant (P<0.05, vs. control). CAVD, calcific aortic valve disease; CAD, 
coronary artery disease.
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atherosclerotic heart disease; severe infection; neoplastic 
disease; other organs combined with organic functional 
insufficiency; incomplete data or poor compliance were 
excluded). The study was conducted in accordance with 
the Declaration of Helsinki and was approved by the ethics 
committee of Tianjin Chest Hospital.

Human inflammation array

Serum was diluted 1:2 and probed for cytokine profile 
using the RayBio Human Inflammation Array kit according 
to the standard hybridization process and kit provided by 
Raybiotech. Briefly, after drying the chip for 2 hours, we 
added 100 L of blocking buffer to each hole and closed 
it at room temperature for 30 minutes. We completely 
removed the blocking buffer from each hole. Then, we add 
the corresponding standard diluted sample diluent 100 L, 
4 ℃, for each hole overnight. Then add 150 L 1× Wash 
Buffer I and gently shake at room temperature for 5 times, 
5 minutes each time. Put the chip into the washing box 
and add enough 1× Wash Buffer I for washing twice, each 
time for 10 minutes. Then add 150 L 1× Wash Buffer II 
and wash twice, 5 minutes each time. The biotin-antibody 
cocktail was removed, centrifuged, and diluted with 
1,400 g/L Sample Diluent. The biotin-antibody cocktail 
was diluted with 80 L per well at room temperature and 
incubated for 2 hours. The biotin-antibody cocktail is then 
completely removed from each hole and washed. Remove 
cy3-streptavidin, centrifuge, and add 1,400 mL 1× blocking 
buffer, gently shaken, and mix.80 L diluted cy3-streptavidin 
was added to each well, and the aluminum foil was shielded 
from light, at room temperature, and incubated for 1 hour. 

Then remove cy3-streptavidin. Finally, the chip was scanned at 
532 nm by the Agilent SureScan Dx Microarray Scanner.

Cell preparation

Human peripheral blood mononuclear cells are isolated by 
Lymphocyte Separation Medium (17-829F, Lonza) density 
gradient centrifugation. Monocytes were isolated using the 
Human Peripheral Blood Monocyte Isolation kit (Tianjin 
Haoyang Biological Products Technology Co., Ltd.) 
according to the manufacturer’s protocol and cultured in 
RPMI-1640 medium supplemented with 10% FBS and 1% 
P/S (penicillin and streptomycin). All cell lines are grown at 
37 ℃ in a 5% CO2 atmosphere. A comparison of hs-CRP 
and NT-pro BNP between the distinct groups in peripheral 
blood mononuclear cells are shown in Table 2. 

ELISA assays

The CXCL13/B-Lymphocyte Chemoattractant (BLC)-
1, interleukin (IL)-12p40, CXCL9/monokine inducible by 
γ interferon (MIG) and CCL15/Macrophage inflammatory 
protein (MIP)-1delta serum levels were measured using ELISA 
kit in accordance with the manufacturer’s instructions. according 
to the manufacturer’s instructions (R&D Systems, USA).

Real-time quantified PCR (qRT-PCR)

Complete RNA was isolated with Trizol reagent (Takara 
Bio Inc., Japan) and was reverse recorded. The GAPDH 
was made use of as an internal control for determining the 
mRNA material. After drawing the standard curve of the 

Table 2 Comparison of peripheral blood inflammatory cells, hs-CRP and NT-pro BNP between different group

Variable Control CAVD CAD χ2 P

WBC (×109/L) 5.83 (1.44) 6.39 (2.38) 6.06 (2.23) 4.633 0.201

N% 61.35 (13.10) 68.80 (11.70)* 62.90 (12.43) 16.821 0.001

N (×109/L) 3.65 (1.33) 4.65 (2.62)* 3.83 (1.89) 11.364 0.010

L (×109/L) 1.77 (0.77) 1.41 (0.89)* 1.65 (0.93) 10.427 0.015

NLR 2.07 (1.20) 3.18 (2.45)* 2.29 (1.61) 24.809 0.000

Hs-CRP (mg/L) 1.00 (1.77) 3.15 (13.41)* 2.27 (3.92)* 21.207 0.000

NT-pro BNP (pg/mL) 105.00 (58.18) 1,849.50 (5,015.83)* 302.50 (387.18)* 115.916 0.000

Data are shown as n  (in %) or mean ± SD. *, statistically significant (P<0.05, vs. control). CAVD, calcific aortic valve disease; CAD, 
coronary artery disease; WBC, white blood cell count; N, neutrophil count; L, lymphocyte count; NLR, neutrophil-to-lymphocyte ratio; Hs-
CRP, hypersensitive c-reactive protein; NT-proBNP, amino-terminal B-type natriuretic peptide.  
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PCR reaction, the expression level of mRNA is computed. 
The outcomes were analyzed by using the organic system 
7300 rapid real-time PCR system. The primer pairs used in 
this study are listed in Table 3.

Western blot assay 

Total protein was separated from human peripheral blood 
mononuclear using a protein extraction kit (Bio-Rad, USA). 
Then protein samples (20–100 μg) were resolved using 
SDS-PAGE and then moved to polyvinylidene fluoride 
(PVDF) membrane (Millipore, USA) with being probed 
with GAPDH (Proteintech), CXCL13/BLC (RRIDs: 
AB_1191734), IL-12p40/IL12B (RRIDs: AB_1156284), 
CXCL9/MIG (RRIDs:  AB_2086730) fol lowed by 
appropriate secondary antibody. All Western blots were 
repeated at least three times.

Statistical analysis

Analytical analyses were executed with GraphPad Prism 5. 
The data in this research exist as the mean ± standard error 
shows (SEM) from at least three independent experiments. 
The differences among the group’s one-way variation 
analysis and Duncan multiple range examinations were 
used to determine considerably distinct groups. P values 
less than 0.05 were taken into consideration as considerable 
distinctions for all statistical estimations.

Results

Cytokine and chemokine serum changes

Serum from patients in each group was revealed to 

Raybiotech inflammation antibody varieties. Forty 
proteins measured by the range were clear—the specified 
modifications in these proteins in CAVD and CAD as 
control group. In the CAVD group, 4 proteins were 
dramatically different from the control as well as the CAD 
group (Figure 1). Chemokines are classified into one of four 
families according to the arrangement of the N-terminal 
cysteine residues, that is, CXC, CC, CX3C, and C 
chemokines. The CXC chemokine family has the first two 
cysteine residues separated by one non-conserved amino 
acid residue (X), while the CC family has two cysteines in 
juxtaposition (15).

Validation of array data by ELISA

We confirmed the pattern of serum changes of four 
cytokines discovered on the Raybiotech antibody choice, 
making use of the ELISA. Consistent with data generated 
using the antibody arrays, serum BLC, IL-12p40, MIG, and 
MIP-1delta were not different comparing control to CAD. 
However, these cytokines were significantly increased in the 
CAVD compared to control or CAD, consistent with the 
antibody array data (Figure 2).

qPCR detection of peripheral blood monocytes 

We used qPCR to detect the BLC, IL-12p40, and MIG in 
monocytes to verify whether the above abnormal cytokines 
originated from peripheral blood monocytes. As Figure 3 
showed, the mRNA levels of CXCL13/BLC, IL-12p40/
IL-12B, and CXCL9/MIG in the CAD and CAVD groups 
were significantly increased compared with the control 
group. Their mRNA levels were much higher than those in 
the CAD group.

Table 3 Primers sequences for RT-PCR

Gene 5'-3' primer sequence

CXCL13/BLC F-5'-TCTTTATCCCTAGACGCT-3'

R-5'-TTTTCTCAATACTTCCATCA-3'

IL-12p40/IL12B F-5'-AGTGGAGTGCCAGGAGGACA-3'

R-5' TTCTTGGGTGGGTCAGGTTT-3'

CXCL9/MIG F-5'-TTGCTGGTTCTGATTGGAGTG-3'

R-5'-TCTTTCAAGGATTGTAGGTGGAT-3'

GAPDH F-5'-ATGACATCAAGAAGGTGGTGAAGCAGG-3'  
R-5'GCGTCAAAGGTGGAGGAGTGGGT-3'

RT-PCR, real-time quantified PCR.
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WB and FCM detection of peripheral blood monocytes 

As shown in Figure 4A, the relative protein expression 
levels of T BLC, IL-12p40, and MIG in the CAVD group 
are significantly higher than those in the control or CAD 
group. The flow cytometry assay also confirmed comparable 
results (Figure 4B).

Discussion

Until now, the pathogenesis of CAVD has not yet been fully 
understood. From comparable risk factors and functional 
processes of aortic valve sclerosis and atherosclerosis, the 
related pathogenesis of both entities is probable (16). While 
the pathogenesis of CAVD is still incompletely defined, 
there is evidence it is a multifaceted process, including a 
combination of hereditary as well as systemic elements that 
incorporate to initiate condition (17). An earlier analysis 
of human diseased valve explants compared to healthy 
controls revealed many upregulated pathological pathways 
that separate CAVD from a non-diseased state on the 
cellular range (18). Because elderly calcified aortic valve 
disease, as well as coronary artery atherosclerosis, have 
similar pathological changes, this study checked out product 

inflammatory cytokine differences that may contribute to 
the discovery of CAVD.

 A certa in  obstac le  in  determining heredi tary 
determinants of CAVD is that half of the patients with 
CAVD likewise were diagnosed with CAD (19-21).  
Therefore, treatment is called for in genetic fits of 
aortic valve stenosis to decrease the possibility that 
any organization observed is not merely a proxy for an 
association with CAD. After the usual co-occurrence 
and shared key danger elements of the two illnesses, 
Helgadottir and coworkers recently examined typical CAD 
linked variations in CAVD instances (21,22). A combined 
genetic risk score of 71 CAD variants was associated with 
the risk of CAVD (22). However, the significant result 
completely disappeared after adjusting for CAVD (22). In 
this study, we found the systemic production of adipokines, 
cytokines, and chemokines in response to alterations in 
CAVD using antibody array technology. Antibody ranges 
stand for among the high-throughput strategies that can 
spot several proteins simultaneously (23). Antibody arrays 
are high-throughput tools that improve the functional 
characterization of molecular bases for disease (24).

Our study shows significant changes in cytokine/

POS1 POS2 BLC
Eotaxin Eotaxin-2 G-CSF
GM-CSF I-309 ICAM-1
IFN-gamma IL-1alpha IL-1beta
IL-1ra IL-2 IL-4
IL-5 IL-6 IL-6sR
IL-7 IL-B IL-10
IL-11 IL-12p40 IL-12p70
IL-13 IL-15 IL-16
IL-17 MCP-1 MCSF
MIG MIP-1alpha MIP-1beta
MIP-1delta PDGF-BB RANTES
TIMP-1 TIMP-2 TNF-alpha
TNF-beta TNF RI TNF RII

Control                                             CAD                                                CAVD

Chemokine/cytokine densitometric values ± s.e.m. from RayBiotech antibody array analysis of serum.

Chemokine/cytokine Control CAD CAVD Classification

BLC 12.79±2.41 3.79±2.81* 30.45±1.79* CXC chemokine

IL-12p40 21.94±4.67 39.48±18.69 186.61±65.84* Cytokine

MIIG NA NA 441.06±90.12* CXC chemokine

MIP-1delta 536.42±159.7 825.3±244.2* 1,204.0±231.6* CXC chemokine

*, Statistically significant (P<0.05, vs. control). MIG, monokine induced by interferon gamma.

A

B

Figure 1 RayBio human inflammatory cytokine antibody array was used to detect a panel of inflammatory cytokines among the three 
groups.



Fu et al. Antibody microarray analysis of CAVD 

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(12):761 | http://dx.doi.org/10.21037/atm-20-4463

Page 6 of 8

chemokine profiles in CAD and CAVD patients compared 
to healthy individuals. It is assumed that the imbalance 
between pro-inflammatory and anti-inflammatory factors 
leads to a state of chronic, low-grade inflammation, which in 
turn can lead to type 2 diabetes and cardiovascular disease. 
In the CAVD group BLC, IL-12p40, MIG, and MIP-1delta 
were significantly different from the control and CAD 

group (14). Chemokines, or chemoattractant cytokines, 
are produced by many cell types in reaction to stimulus as 
well as also play a significant role in persistent and acute 
inflammation (14,25). Previous studies have confirmed that 
inflammatory cells and their secreted cytokines, including 
TNF-α, TGF-β, and VEGF, are related to the occurrence 
and development of CAVD (25). The CXC chemokines 
BLC, MIG, and MIP-1delta all increased in CAVD. This 
pattern would suggest a change in the chemokine gradient 
to greater circulating, chemokine degrees as well as may 
suggest boosted chemokines in serum from clients. Clinical 
applications consist of disease marker discovery for possible 
medical diagnosis, diagnosis, and adjustments related to 
disease development as well as development.

Conclusions 

These findings suggest that BLC, IL-12p40, MIG, and 
MIP-1delta can be used as a marker to assess CAVD, which 
could have significant clinical implications.
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Figure 2 Serum markers of cytokines associated with CAVD as measured by enzyme-linked immunosorbent assay. *, P<0.05 (CAVD 
compared to control and CAD). CAVD, calcific aortic valve disease; CAD, coronary artery disease.
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