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ABSTRACT
In our previous studies, we discovered the congenital cold syndrome (CCS), which is characterized 
by ‘qi deficiency and qi stagnation, mixed cold and heat.’ And there is a type of syndrome with 
special incidence characteristic. However, the diagnosis of CCS still lacks an objective basis. In this 
study, we performed Tandem Mass Tag (TMT) based on quantitative proteomics technology to 
screen the significantly differentially expressed proteins (DEPs) in serum of patients with coronary 
heart disease (CHD) patients with CCS, patients with heart and kidney yang deficiency, and 
healthy people. A total of 22 DEPs (nine upregulated and 13 downregulated) were identified 
between patients with CCS and healthy subjects. Next, we performed GO and KEGG pathway 
enrichment analysis, we found the primary functions of DEPs of CCS were binding, catalytic 
activity, and molecular function regulator. These DEPs were mainly involved in important biolo-
gical processes, such as cellular process, response to stimulus, localization, metabolic process, and 
biological regulation. The KEGG analysis revealed that the DEPs showed significant changes in 
fructose and mannose metabolism, Pentose phosphate pathway, and Arrhythmogenic right 
ventricular cardiomyopathy. After parallel reaction monitoring (PRM) verification, four upregulated 
target proteins (ALDOA, PCYOX1, Crisp3 and IGLV4-69) and three downregulated proteins 
(ALDOC, ADAMTSL-2 and C3) were accurately identified. These proteins were mainly related to 
immune response and glucose metabolism. These DEPs could be the marker proteins of coronary 
heart disease with CCS. This findings help to reveal the pathogenesis of CHD with CCS and 
provide potential therapeutic targets.
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Introduction

There has been a gradual increase in the incidence 
of chronic diseases, such as cardiovascular diseases 
during the last few decades. Early diagnosis and 
treatment are known to improve the prognosis of 

chronic diseases [1]. Health is a dynamic balance 
between human beings and the natural/social 
environments. Sub-health is the transition from 
yin and yang equilibrium to imbalance. Thus, the 
traditional Chinese medicine (TCM) uses compre-
hensive adjusting methods to eliminate abnormal 
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and disordered pathological factors [2]. The con-
genital cold syndrome (CCS, FuHanZ) has been 
recognized by TCM and is frequently found in 
people with sub–health as well as in the cases of 
hyperlipidemia, atherosclerosis, hypertension, cor-
onary heart disease, stroke, diabetes, gastritis, 
hepatitis, cancer, gynecological diseases, and skin 
diseases [3]. CCS is defined as cold limbs, espe-
cially hands and feet, despite living at 
a comfortable temperature (23-26°C) [4]. 
Moreover, it has been observed that the family 
members of patients with CCS exhibit similar 
symptoms [5]. The onset of CCS is a long-term 
process; early detection can help prevent the 
advancement of CCS [6]. Nevertheless, the diag-
nosis of CCS is difficult and requires extensive 
clinical experiences [3,5]. Since there is a lack of 
objective signs for CCS diagnosis, objective phe-
notypes and biomarkers are needed.Current 
research shows that bioinformatics analysis has 
made a great contribution to the diagnosis and 
prognosis of various diseases. Udhaya Kumar 
et al. [7] used the GEO database to identify 7 
core genes closely related to familial hypercholes-
terolemia, indicating a higher risk of atherosclero-
sis. At the same time, they discovered potential 
targets for the treatment of diabetes from the obe-
sity and co-morbid diseases database (OCDD) [8]. 
In addition, Fu et al. [9] analyzed the TCGA 
database to identify differentially expressed 
immune-related genes related to lung squamous 
cell carcinoma (LSCC), which can identify the 
disease progression and prognosis of patients 
with LSCC. The same is true of modern proteo-
mics combined with bioinformatics research. It 
has made important contributions to the moder-
nization of TCM [10]. Previous studies have 
shown that TCM syndromes, such as kidney defi-
ciency [11], kidney-Yang deficiency [12], spleen 
deficiency [13], Yang deficiency [14], blood stasis 
[15], and pulmonary-qi deficiency [16] are asso-
ciated with significant omics changes. Isobaric 
relative and absolute quantitative labeling/tandem 
mass labeling (iTRAQ/TMT) is currently one of 
the most sensitive techniques used in proteomics, 
which improves the accuracy and relative quanti-
fication of protein identification [12,17]. Bo et al. 
[18] used TMT quantitative technology to identify 
differentially expressed proteins (DEPs) in the 

lung tissue of rats exposed to silica. A study used 
2D gel electrophoresis to analyze the changes in 
protein expression in myocardial ischemia caused 
by the qi deficiency and blood stasis syndrome 
[19]. Similarly, the changes in serum protein levels 
in the phlegm-stasis syndrome were studied using 
2D-GE [20]. At present, TMT has not been used in 
CCS proteomics research.

In this study, TMT was used to detect and 
analyze DEPs in the serum of CCS patients, and 
Parallel reaction monitoring (PRM) further veri-
fied the results of TMT. To study the key proteins 
related to the occurrence of CCS and provide new 
targets for the occurrence, development, diagnosis, 
and prevention of CCS. We hope that this data set 
can provide a basis for further mining of CCS 
disease-specific biomarkers and implementation 
of early intervention.

Materials and methods

Study design and patients

Patients with heart-kidney yang deficiency 
(HKYAD, XinShenY) and CCS were recruited 
from the outpatient department of the Affiliated 
Hospital of Changchun University of TCM 
between September 2018 and June 2019. The diag-
noses were made by three associate–chief physi-
cians (or above) of TCM. The healthy control 
group (JianKangR) constituted of hospital work-
ers. The study was approved by the ethics commit-
tee of the Changchun University of TCM.

The inclusion criteria were 1) patients with 
HKYAD and CCS; 2) 35–72 years of age; 3) absence 
of risk factors for cardiovascular disease, diabetes, 
hypertension, hyperlipidemia, kidney disease, and 
digestive system disease, as well as biased symptoms, 
such as yin and yang, qi and blood loss in the healthy 
control group; 4) signed voluntary informed consent.

The exclusion criteria were 1) diagnosis of 
chronic diseases; 2) involved in another clinical 
trial within 1 month; 3) surgery within 4 
weeks; 4) age < 35 y or > 72 y.

Diagnostic criteria of CHD

Referring to ‘2013 ESC guidelines on the management 
of stable coronary artery disease [21]’, ‘2014 ACC/ 
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AHA/AATS/PCNA/SCAI/STS focused update of the 
Guideline for the Diagnosis Management of Patients 
with Stable ischemic Heart Disease [22]’ formulated: 1) 
Coronary angiography diagnosed with one or more 
coronary arteries with a stenosis of more than 50% of 
the main branches of the coronary arteries. 2) Have 
typical symptoms of angina pectoris, with ischemic 
changes in ECG (or positive treadmill exercise test) 
during the attack. 3) History of previous myocardial 
infarction. 4) Coronary artery CT was positive. 5) 
Positive myocardial nuclide scan. The diagnosis can 
be made if 1 item is present.

Diagnostic criteria of CCS and HKYAD

The differential diagnosis of CCS was made based 
on the previous epidemiological studies [3–6]. The 
major symptoms were cold hands and/or feet, 
fatigue, sighing, dry mouth, and upset. The sec-
ondary symptoms were short of breath, back pain, 
stomach pain or swelling, preferring warm food 
over cold food, poor appetite, insomnia, light pur-
plish tongue or red tongue tip with dark red ton-
gue body, thin and white coating on the tongue, 
and weak pulse. CCS could be diagnosed at 
approximately 14-year-old in women with dysme-
norrhea, approximately 16-year-old men with 
lower abdominal pain or enuresis, or approxi-
mately 35-40-year-old in people of either sex 
with stomach pain or swelling, poor appetite, 
detesting cold food, acid regurgitation, and hic-
cups. The presence of all major symptoms was 
essential for diagnosis, with at least two items of 
disease history, and at least two items of secondary 
symptoms, along with tongue and pulse 
manifestations.

Diagnostic criteria of deficiency of heart and 
kidney yang

Referring to the ‘Guiding Principles of Clinical 
Research on New Chinese Medicines for 
Coronary Heart Disease’: chest pain, chest tight-
ness, palpitations, shortness of breath, fatigue, pale 
complexion, cold limbs, loose stools, pale tongue, 
slippery fur, late or weak pulse.

Diagnosis: the main symptoms of chest pain 
and tightness could be diagnosed if there were 

two other symptoms and tongue and pulse 
support.

Serum collection and protein digestion

We collected the venous blood of three volunteers 
from each group, followed by centrifugation. Next, 
we used the Agilent Multiple Affinity Removal 
Column (Human-14) for multiple extractions to pre-
pare serum after removing albumin, IgG, and other 
medium-abundance and high-abundance proteins. 
Then, we used the BCA quantitative method and SDS- 
PAGE to determine the quantity and quality of the 
protein in the sample. The samples were stored at −80° 
C for later use.

TMT labeling

The above qualified serum protein samples were 
enzymatically digested by Filter-aided proteome 
preparation (FASP) method [19] and peptide 
quantification (OD280). Then, the obtained pep-
tides were labeled with the corresponding TMT 
labeling reagents, and analyzed by high-precision 
mass spectrometry (Supplementary File 1).

Mass spectrometry data database analysis

We used Proteome Discoverer1.4 (Thermo, America) 
to perform qualitative and quantitative analysis of the 
proteomic contents in the serum sample based on the 
corresponding protein database as previously 
described [18]. In 3 biological replicates, the average 
expression rate of two groups was defined as fold 
changes (FC). DEPs were accounted to be significant 
using p < 0.05 and fold changes > 1.1 (upregulated) or 
<0.90 (downregulated) as cutoff criteria.

Bioinformatics analysis

For DEPs, Gene Ontology (GO) analysis (http://gen 
eontology.org/) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analysis (https://www.kegg. 
jp/) and other specific bioinformatics analysis meth-
ods were used for further analysis as previously 
described [23]. GO annotation was used to analyze 
the DEPs categorized by biological process (BP), 
molecular function (MF), and cellular component 
(CC). An in-depth understanding and mining of the 
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specific functions of DEPs in patients with CCS to 
effectively and accurately find the diagnostic target 
protein.

PPI network construction

The online database STRING (v11.0, http://www. 
string-db.org/)was used to visualize the PPIs between 
the statistically significant DEG-encoded proteins in 
the resultant dataset [24]. The dataset contained more 
than 10,000 DEGs. To avoid an inaccurate PPI net-
work, we used a cutoff ≥ 0.9 (highconfidence interac-
tion score) to obtain the significant PPIs. We used 
Cytoscape software v3.7.1 (http://www.cytoscape. 
org/) to visualize the PPI network obtained from the 
STRING database [25]. Based on the log fold change 
values, the PPI network was plotted for both the 
upregulated and downregulated DEGs. The interrela-
tion analysis of the identified genes was performed by 
using the GeneMANIA online tool [26].

PRM verified differential protein

The target proteins were verified by PRM accord-
ing to the study of Bo et al. [18] Based on the 
results of TMT, the LC-MS/MS system was used to 
quantitatively compare the target protein in the 
DEPs. The mass spectrometry-based PRM techni-
que was used to target and quantify the relevant 
proteins. The three sets of samples were detected 
thrice with PRM, and finally, the software Skyline 

3.7.0 was used to analyze the original PRM files 
and quantify the target protein and target peptide.

Statistical analysis

We used the SPSS 20.0 for windows statistical software 
package (Chicago, IL). The measurement data are 
expressed as mean ± standard deviation (SD). Under 
the condition that the test data conformed to the 
normal distribution and the homogeneity of variance, 
the independent sample t-test was used to compare 
the averages of the two sets of samples. If the normal 
distribution or the homogeneity of variance was not 
satisfied, a nonparametric test was used. The results 
are expressed as a P-value and P < 0.05 was considered 
statistically significant.

Results

Baseline characteristics of the participants

The average age of the three patients in the CCS 
group was 59.6 ± 5.7 years and included one male 
and two female subjects. The average age of the 
three patients in the HKYAD group was 
55.2 ± 6.3 years and included two males and one 
female subject. The average age of the three 
healthy volunteers was 50.23 ± 4.7 years and 
included one male and two female subjects. 
There were no differences in age, gender, blood 
pressure, heart rate, BMI, total cholesterol, trigly-
cerides, aspartate transaminase, alanine 

Table 1. Characteristics of the participants.

Group
CCS patients 

(n = 3)
HKYAD patients 

(n = 3)
Healthy control 

(n = 3)

Age (years) 59.6 ± 5.7 55.2 ± 6.3 50.23 ± 4.7
Gender Man 1 2 1

Woman 2 1 2
Blood pressure (mmHg) Diastolic 73.0 ± 4.6 72.4 ± 5.7 75.6 ± 6.6

Systolic 120.8 ± 8.0 125.2 ± 7.3 122 ± 5.4
Heart rate (bpm) 71.8 ± 4.1 72.3 ± 2.7 70.4 ± 3.8
BMI (kg/m2) 20.5 ± 1.2 22.3 ± 1.8 20.7 ± 1.1
TC (mmol/L) 4.71 ± 0.73 4.55 ± 0.68 4.46 ± 0.93
TG (mmol/L) 0.96 ± 0.27 0.86 ± 0.19 0.81 ± 0.21
AST (IU/L) 29.6 ± 1.71 27.4 ± 1.56 28.2 ± 1.30
ALT (IU/L) 20.54 ± 1.15 21.23 ± 1.08 20.72 ± 1.14
RBC (×1012/L) 4.33 ± 0.42 4.38 ± 0.53 4.66 ± 0.35
WBC (×109/L) 6.69 ± 1.05 6.94 ± 1.29 6.73 ± 1.11

body mass index; TC: total cholesterol; TG: triglycerides; AST: aspartate aminotransferase, ALT: alanine aminotransferase; RBC: red blood cells; WBC: 
white blood cells. 
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transaminase, red blood cells, and white blood 
cells, before experiment (all P > 0.05) (Table 1).

DEPs screening

We identified 1058 de–redundant proteins and 
21,945 peptides (Supplementary File 2-3) in this 
study. And we screened the DEPs between the 
groups based on the expression fold change of 
1.1 times or more (upregulation > 1.1-fold or 
downregulation < 0.90-fold) and P-value < 0.05. 
Figure 1 showed the histogram of the results of 
protein quantification and differential analysis 
(Supplementary File 4). We found the presence 
of some common or overlapping protein between 
them in CCS, healthy people and HKYAD. 
Compared with the patients in the CCS group 
and HKYAD group, there were more differential 
proteins, indicating that the two were different in 
physique or the tendency of future diseases. The 
fold difference in protein expression between the 
two groups of samples (fold change > 1.1 times 

and P value < 0.05) and the P-value obtained by 
the t-test were used to draw a volcano graph 
(Figure 2).

Protein cluster analysis

The hierarchical clustering algorithm 
(Hierarchical Cluster) was used to cluster the 
DEPs of the comparison group, and the data is 
displayed in the form of heat map (Figure 3). 
The DEPs obtained by standard screening with 
a fold change > 1.1 times and P-value < 0.05 
(Student t-test or One-way ANOVA) could 
effectively separate the comparison groups indi-
cating that the DEPs screened in this study were 
reasonable.

Bioinformatics analysis

We used the Blast2Go (https://www.blast2go.com/) 
software to annotate GO functions for all proteins 
identified in this study, followed by Fisher’s exact 

Figure 1. DEPs in the CCS.
FuHanZ represents CCS patients; JianKangR represents healthy control; XinShengY represents HKYAD patients. 

Figure 2. Vocano plot of the DEPs.
The abscissa is the difference multiple (logarithmic transformation with base 2), and the ordinate is the significance P-value of the 
difference (the log value of -log10). The red dots are significantly upregulated DEPs, and the blue dots are significantly down-
regulated DEPs. FuHanZ represents CCS patients; JianKangR represents healthy control; XinShengY represents HKYAD patients. 

1342 T. XIE ET AL.

https://www.blast2go.com/


test to perform GO function enrichment analysis on 
DEPs (Figure 4 A-F). The studied proteins were 
blasted against the online Kyoto Encyclopedia of 
Genes and Genomes (KEGG) database (http://geneon 
tology.org/) to retrieve their KEGG orthology identi-
fications and then mapped to pathways in KEGG. 
Finally, the DEPs were analyzed by Fisher’s exact 
test method (Figure 5 A-F).

After GO function and KEGG pathway enrich-
ment analysis, we found that the functions of 
DEPs of CCS were mainly binding, catalytic activ-
ity, and molecular function regulation. These 
DEPs were mainly involved in cellular process, 
response to stimulus, localization, metabolic pro-
cess, biological regulation and other important 
biological processes. Through pathway enrichment 
analysis, we found that the differential proteins in 
the CCS group had significant changes in impor-
tant pathways, such as fructose and mannose 
metabolism, pentose phosphate pathway, and 
arrhythmogenic right ventricular cardiomyopathy.

Construction of the PPI Network

To evaluate the PPIs between the DEGs, we used 
the STRING tool to identify the PPI networks for 
both the up- and downregulated genes (Figure 6). 
A combined score of ≥0.9 for the nodes was con-
sidered to indicate a significant PPI interaction.

Validate protein based on PRM technology

We used the targeted PRM technology to detect 22 
candidate proteins. The PRM quantitative analysis 
was performed on eight target peptides of the seven 
target proteins identified. There were four upregu-
lated proteins (fructose-bisphosphate aldolase 
A (ALDOA), prenylcysteine oxidase 1 (PCYOX1), 
cysteine–rich secretory protein 3 (Crisp3), and immu-
noglobulin lambda variable 4–69 (IGLV4-69)) and 
three downregulated proteins (fructose-bisphosphate 
aldolase C (ALDOC), ADAMTS-like protein 2 
(ADAMTSL–2), and complement C3 (C3)) in CCS. 
Supplementary File 5 shows the Skyline analysis 
results of the target peptide. It contains information, 
such as peptide chromatographic peaks, original peak 
areas, and comparison histograms of original peak 
areas. Supplementary File 6-7 show the quantitative 
information of the target peptide in the sample. The 
isotope-relabeled peptides were used to normalize the 
quantitative information, and then the target peptides 
and target proteins were quantitatively analyzed. The 
analysis results showed that there were certain differ-
ences in the expression levels of the seven target 
proteins under six different conditions 
(Supplementary File 7).

We found that the overall trend of the quantitative 
results of TMT and PRM was consistent. Therefore, 
the DEPs verified by screening might be the marker 
protein of coronary heart disease and CCS.

Figure 3. Heatmap of the DEPs.
Each row represents a protein (the ordinate is a significantly DEP), and each column represents a group of samples (the abscissa is 
sample information). The logarithm of the expression level of significantly DEPs in different samples. FuHanZ represents CCS 
patients; JianKangR represents healthy control; XinShenY represents HKYAD patients. 
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Discussion

Previous study used 1H-NMR for the comparative 
analysis between CCS patients with CHD and 
non-CCS patients [1] and found that there were 
significant differences regarding energy, lipid, and 
glucose metabolism between those two groups. 
Additionally, transcriptomics was used to identify 
the specific alterations in CCS patients at the gene 
level, and it was found there were 116 differentially 
expressed genes between CCS patients and healthy 
controls [27]. Another study by Wang et al. [28] 
showed that there were 15 differentially expressed 
genes between CCS and controls, all involving 

energy metabolism. A recent study used proteo-
mics to show that the DEPs between CCS patients 
and controls, were mostly associated with the 
complement pathway [29]. This study was firstly 
report on the use of TMT quantitative proteomics 
technology combined with 2DLC-MS/MS to study 
CCS as well as the initial screening of the relevant 
DEPs of CCS. The targeted PRM mode was used 
to analyze 22 types of proteins. The peptide 
sequence of the candidate protein was targeted 
for monitoring. In addition, GO analysis suggested 
that these DEPs were mainly involved in impor-
tant biological processes, such as cellular pro-
cesses, stimulus responses, positioning, metabolic 

Figure 4. Gene Ontology (GO) term enrichment analysis of DEPs.
(A-C) The number of differential proteins, and the ordinate represents the GO term name. (D-F) The GO functional classification that 
are enriched, and the ordinate represents the number of differential proteins under each functional classification. The color of the 
bar graph indicates the significance of the enriched GO function classification, i.e., the P-value has been calculated based on the 
Fisher’s Exact Test. The color gradient represents the size of the P-value, and the color changes from orange to red. The closer the 
red indicates the smaller the P value, the higher the significance level of the enrichment of the corresponding GO function category; 
the label above the bar graph shows the enrichment factor (richFactor ≤ 1). FuHanZ represents CCS patients; JianKangR represents 
healthy control; XinShenY represents HKYAD patients. 
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processes, and biological regulation. Through 
KEGG pathway enrichment analysis, we found 
that the DEPs in the CCS group were enriched in 
fructose and mannose metabolism, pentose phos-
phate pathway, and arrhythmogenic right ventri-
cular cardiomyopathy.

Furthermore, the mass spectrometry results and 
PRM verification accurately identified seven target 
proteins. There were four upregulated proteins in 
CCS (ALDOA, PCYOX1, Crisp3 and IGLV4-69) 
and three downregulated proteins (ALDOC, 
ADAMTSL-2 and C3). The analysis of differential 
protein expression between CCS and healthy peo-
ple and between HKYAD and healthy people, we 
identified some crossover protein. Among them, 
IGLV4-69 was found to be upregulated and 

ALDOC was downregulated, indicating that there 
were certain commonalities in the occurrence and 
development of the disease between CCS and 
HKYAD. ALDOA and PCYOX1 were downregu-
lated in the analysis of HKYAD and CCS group, 
indicating that these two were different in physi-
que or disease tendency.

Aldolase (ALD) is widely found in various tis-
sues. Both ALDOA and ALDOC are involved in 
glycolysis [30]. ALD has a strong binding affinity 
with various proteins, including actin, α-tubulin, 
light-chain dynein, Violet syndrome protein, phos-
pholipase D (PLD2), glucose transporter GLUT4, 
inositol triphosphate, V-ATPase, and ARNO (gua-
nine nucleotide exchange factor of ARF 6). These 
associations are probably related to cell structure, 

Figure 5. Signaling pathway enrichment analysis of DEPs.
(A-C) The number of differential proteins, and the ordinate represents the KEGG pathway name. (D-F) The enrichment factor, and the 
ordinate represents the number of differential proteins in each functional category; the color of the bar graph represents the 
significance of the enriched pathway, which has been calculated based on the P value of the Fisher’s Exact Test. The color gradient 
represents the size of the P-value, and the color changes from green to red. The closer to red, the smaller the P-value, and the higher 
the significance level of the corresponding pathway enrichment. FuHanZ represents CCS patients; JianKangR represents healthy 
control; XinShenY represents HKYAD patients. 
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and functions involving cell endocytosis, parasite 
invasion, cytoskeletal rearrangement, cell move-
ment, membrane protein transport and recycling, 
signal transduction and tissue separation [31,32]. 
Some studies have shown that the increased 
expression of ALD 1A is a key factor leading to 
mitochondrial dysfunction and acute myocarditis 
[33]. This study revealed that the DEPs in the CCS 
group included ALDOA and ALDOC, which 
might act as important targets for CCS.

PCYOX1 is a low-density lipoprotein pro- 
oxidase [34]. The oxidized low-density lipoprotein 
(oxLDL) is known to be the most characteristic 
autoantigen in atherosclerosis. The pro- 
inflammatory properties of oxLDL are known to 
be closely related to oxidative modification invol-
ving enzymes that lead to the release of pro- 
inflammatory phospholipids and lipid peroxides. 

Also, oxLDL is formed in the body and induces 
a humoral immune response [35]. Enhancing 
the immune system’s response to oxLDL can 
slow down the progression of atherosclerosis 
[36]. The increased activity of PCYOX1 might 
cause an increase in the levels of hydrogen per-
oxide, which might help spread the oxidation of 
LDLs, making it a potential pharmacological target 
and new biomarker for cardiovascular disease.

Crisp-3 is a glycoprotein belonging to the family 
of Crisps. Elevated expression of Crisp-3 mRNA 
was originally found in human salivary glands, 
pancreas, and prostate [37]. Bjartell et al. [38] 
also detected Crisp-3 protein in human tissue 
fluids, such as saliva, sweat, blood and seminal 
plasma. Pathak et al. [39] reported that the 
increase in CRISP-3 levels was closely related to 

Figure 6. The interacted network of proteins was analyzed by String software.
The connection degree of ALDOC and ALDOA was 4, the connection degree of CANT1, Crisp3 was 3, and the ACO2, C3, LAMC1, CDH2 
have a connection degree of 2, PCYOX1, SAA-4 protein has a connection degree of 1 
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the occurrence of prostate tumors. This is the first 
study to identify Crisp-3 as a DEPs of coronary 
heart disease and CCS. Human Crisp-3 exists in 
exocrine fluid and the secretory granules of neu-
trophils and is believed to play a role in innate 
immunity. GO function analysis found that it was 
mainly involved in defense response and innate 
immune response and other biological processes. 
Thus, we hypothesized that Crisp-3 probably par-
ticipated in the occurrence of arteriosclerosis 
through immune response.

Immunoglobulin (Ig) is a glycoprotein. Most 
natural Ig monomers (molecular weight approxi-
mately 150 kDa) are composed of two light (L) 
chains and two heavy (H) chains. Both the light 
chain and the heavy chain contain a variable 
region (V, at the N-terminus) as well as 
a constant region (C, at the C–terminus) [40]. 
Ig light chains are divided into κ and λ chains. 
In humans, approximately 40% of Ig light chains 
in serum are λ type, indicating that these chains 
play an important role in antibody response 
[41]. Clinically, autoimmune diseases, such as 
systemic lupus erythematosus (SLE) often occur 
with AS. There are differences in V lambda gene 
expression between SLE patients and normal 
people [42]. The differential protein Ig λ variable 
4-69 was found in the CCS group and was 
mainly involved in the biological processes of 
adaptive immune response, immune response, 
and immunoglobulin production. It is known 
to exist in the extracellular space and plasma 
membrane of the cell. Its effect on arteriosclero-
sis might also be achieved by participating in the 
immune response.

The ADAMTS superfamily includes 19 secreted 
metalloproteases and seven ADAMTS-like pro-
teins, each of which is the product of different 
genes. They are extracellular matrix proteins with 
a wide range of activities and functions. 
ADAMTSL2, is a secreted protein that resembles 
the ancillary domains of the ADAMTS proteases, 
but with distinct structural features [43]. The 
cDNA cloning of ADAMTSL2 and the complete 
presumptive primary structure of ADAMTSL2 was 
first reported by the Kazusa DNA Institute as the 
KIAA0605 gene during a large-scale study to iden-
tify genes expressed in human brain [44]. 
Adamtsl2 is known to be primarily expressed in 

musculoskeletal tissues, such as tendons and mus-
cles [45]. In the past, only a few studies have 
investigated the role of ADAMTSL2 in cardiovas-
cular diseases. However, in recent years, there have 
been many studies on ADAMTS family members, 
which are closely related to diseases. This has led 
to the identification of some important pathophy-
siological processes, such as collagen processing 
(ADAMTS 2, 3, 14), matrix proteoglycan degrada-
tion (ADAMTS 4, 5), inhibition of the formation 
of blood vessels (ADAMTS1, 8), maintenance of 
a stable coagulation environment (ADAMTS13), 
etc. [46,47].

Here, we found that C3 was downregulated 
in CCS compared with the healthy people, and 
C3 participated in multiple metabolic pathways, 
among which complement and coagulation cas-
cades were closely related to the occurrence of 
coronary heart disease. The complement system 
is known to participate in specific and nonspe-
cific immune responses. Inflammation is closely 
associated with heart coronary diseases, and 
immune response is a vital initiation factor for 
inflammation. Therefore, the activation of the 
complement system and the expression of com-
plement factors are related to the genesis and 
development of coronary disease [28]. 
Additionally, increasing number of studies 
have indicated that complement factors are 
involved in the initiation, development, and 
the whole process of atherosclerosis [48]. The 
mild form of atherosclerosis found in patients 
with systemic lupus erythematosus (SLE) was 
also found to be associated with altered expres-
sion of C3 and C4 [49]. A study found that the 
vascular tonus could be adjusted by interactions 
between C3 and C4 to collagens, which was 
related to the pathogenesis of atherosclerosis 
[50]. In this study, the level of C3 in Fuhan 
Syndrome was relatively down-regulated. The 
possible reason is that patients with stable 
angina pectoris in CHD may be in the early 
stage or stable disease.

Most of the DEPs found in this study were related 
to immune response, which could regulate the 
occurrence and development of atherosclerosis. 
Innate immunity is the natural immune defense 
function formed by the body in the process of germ-
line development and evolution, i.e., the nonspecific 
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defense function that is already present after birth, 
also known as nonspecific immunity. This is similar 
to the clinical manifestations of patients with CCS. 
We found that at the beginning of ‘male and female 
conjugation,’ the congenital yang qi inherited from 
the blood of the father’s sperm and mother’s blood 
was insufficient, and the yin qi was excessive, caus-
ing the yin and cold to fall inward. At the beginning 
of the embryo, the yin and yang of the human body 
were in a biased state, constructing the nature of 
congenital cold syndrome. It also determined the 
law of future disease occurrence and development. 
Therefore, we speculated that the DEPs exhibited by 
patients with CCS could explain their unique clin-
ical manifestations.

Additionally, this study had several limita-
tions. The sample size was small and from 
a single center. Also, only one omics was used 
and thus, additional studies are necessary to 
identify the mechanisms involved in CCS. 
Additional studies are also necessary to test the 
identified proteins and determine their diagnos-
tic value.

Conclusion

In conclusion, we identified the DEPs related to 
immune response and glucose metabolism in 
serum of CCS patients, suggesting that these pro-
cesses were probably involved in the occurrence 
and development of congenital cold. Therefore, 
the DEPs verified by screening might act as the 
marker proteins of CHD and CCS, and provide 
a reference for the screening of protein markers 
of CHD and CCS.

Highlights

(1) Four upregulated target proteins (ALDOA, 
PCYOX1, Crisp3 and IGLV4-69) and three 
downregulated proteins (ALDOC, 
ADAMTSL-2 and C3) were accurately iden-
tified in CCS patients.

(2) The primary functions of DEPs of CCS were 
binding, catalytic activity, and molecular 
function regulator.

(3) The DEPs showed significant changes in 
fructose and mannose metabolism, Pentose 

phosphate pathway, and Arrhythmogenic 
right ventricular cardiomyopathy.

Abbreviations

CCS congenital cold syndrome
CHD coronary heart disease
DEPs differentially expressed proteins
TMT Tandem Mass Tag
TCM traditional Chinese medicine
HKYAD Patients with heart-kidney yang deficiency
GO Gene Ontology
KEGG Kyoto Encyclopedia of Genes and Genomes
PRM parallel reaction monitoring
ALDOA fructose-bisphosphate aldolase A
PCYOX1 prenylcysteine oxidase 1
Crisp3 cysteine-rich secretory protein 3
IGLV4-69 immunoglobulin lambda variable 4-69
ALDOC fructose-bisphosphate aldolase C
ADAMTSL-2 ADAMTS-like protein 2
C3 complement 3.
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