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Purpose: ZCCHC9 is a zinc finger protein with a CCHC zinc finger structure and has important roles in several cellular processes.
This study was conducted on an expanded number of samples to evaluate The usefulness of ZCCHC9 gene expression in peripheral
blood as a molecular marker for the prediction of AMI (acute myocardial infarction) risk.
Patients and Methods: Peripheral blood samples were collected from 117 patients with stable CAD (coronary atherosclerotic
disease) and 126 patients with AMI. The mRNA level of the ZCCHC9 gene was assessed by qRT-PCR, and its protein level was
determined by Western blotting.
Results: The AMI group exhibited reduced expression of the ZCCHC9 gene, at both transcript and protein levels, than the stable CAD
group. The low expression of the ZCCHC9 gene was not related to blood glucose level (P=0.635), blood lipid level, and troponin level
(P=0.715), and may cause AMI through the MAPK signaling pathway. Compared with other patients, patients with low ZCCHC9 gene
expression in their peripheral blood have a 2.597-fold higher risk of AMI.
Conclusion: ZCCHC9 gene expression in peripheral blood was significantly lower in patients with AMI than in stable CAD patients.
Individuals with low expression of ZCCHC9 in peripheral blood have higher a probability to develop AMI than those with stable
CAD. Thus, lowered ZCCHC9 gene expression can act as an independent risk factor for AMI.
Keywords: genetics, molecular marker, oxidative stress, MAPK

Introduction
The American Heart Association’s 2020 statistical report on heart disease and stroke shows that 18.2 million people aged
≥ 20 years have coronary atherosclerotic disease (CAD), and the number of deaths due to CAD was 365,914 in the
United States.1 Although the CAD mortality rate in Western countries has declined in the past four decades, this situation
still accounts for one-Third of the total deaths of people over 35 years of age.2 Likewise, the China Cardiovascular
Health and Disease Report 2019 outlines that there are currently more than 300 million cardiovascular disease patients,
and 2 out of every 5 deaths are due to cardiovascular disease, and its prevalence and mortality are rising.3 AMI (Acute
myocardial infarction) is a serious symptom of CAD and the primary cause of death in CAD patients. Although great
progress has been made in prevention and treatment, CAD is still the main cause of global disease and death.1,4

Therefore, the early warning of AMI is of great clinical significance.
AMI is a multi-cause disease that occurs due to a variety of environmental and genetic factors and their interactions.5

Traditional risk factors, including high serum cholesterol, smoking, diabetes, and hypertension can partially predict the
prevention and prognosis of the disease.6,7 Nevertheless, some CAD patients often lack, and nearly 20% of patients do not
have traditional risk factors, while 40% of patients have only one risk factor.8,9 Currently, non-traditional and genetic factors
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have received increasing attention, they rely mainly on genomics, transcriptomics, and proteomics research. With the
continuous development of molecular biology techniques, transcriptomics plays a vital role in molecular marker
discovery.10 Gene polymorphisms are linked to the risk of coronary heart disease.11 Changes in gene expression levels in
peripheral blood may provide useful tools for the diagnosis and prognosis of many complex diseases including AMI.12 For
example, miR-208b, and miR-499 in peripheral blood can potentially act as AMI biomarkers.13 Increased peripheral blood
levels of lncRNA H19, MALAT1, and MIAT can potentially act as biological markers for the diagnosis of AMI.14 Our group
has also successively confirmed through experiments that the expression levels of PIK3C2A,15 PRMT5,16 SOCS3,17 and
other related genes in peripheral blood have a potential utility as molecular markers for predicting the occurrence of AMI.

The emergence of GWAS (genome-wide association studies) has allowed the identification of many alleles with
a higher risk of myocardial infarction. In addition, the functions of these genes were further explored, including elevated
LDL, apoptosis, coronary artery calcification, lipoprotein metabolism, smooth muscle cell proliferation, and
inflammation.18 There is no report on the function of ZCCHC9 in the occurrence and development of cardiovascular
disease. A previous differential gene expression profile assessment of AMI in the peripheral blood of this research group
showed that the peripheral blood ZCCHC9 gene is differentially expressed in AMI patients and stable CAD patients.19

Therefore, this study aimed to clarify the relationship between ZCCHC9 mRNA and protein expression and AMI by
expanding the sample size of clinical data, extracting total RNA from the peripheral blood of the subject, reverse
transcription into cDNA, and PCR amplification.

Materials and Methods
Research Subjects
For the test group, AMI patients (n=126) who were Hospitalized in the China-Japan Union Hospital, Department of
Cardiovascular Medicine, Jilin University from March 2018 to May 2018 and received coronary angiography were
chosen, and for the control group, 117 patients with stable CAD were selected. The criteria for the selection of AMI were
as per the Universal Definition of Myocardial Infarction (the fourth edition), issued in 2018.20 The exclusion criteria of
the experimental group were: myocardial infarction related to PCI, stent thrombosis, stent restenosis, and myocardial
infarction related to coronary artery bypass graft. The selection criteria of the control group are congruent with the
guidelines issued in 2019 by the European Society of Cardiology (ESC) for chronic coronary syndrome diagnosis and
management.21 The control group exclusion criteria were: patients presenting with chest pain, less than 50% coronary
artery stenosis as detected by coronary angiography, and the ECG showing no pathological Q wave and secondary
changes in T wave and ST-segment. Patients with pleurisy and intercostal neuritis, acute pneumonia, and other
inflammations were excluded.

The clinical data of all study subjects were recorded in detail, including gender, age, smoking history, history of
diabetes, history of hypertension, TG (serum triglycerides), fasting blood glucose, TC (total cholesterol), LDL-C (low-
density lipoprotein cholesterol), and HDL-C (high-density lipoprotein cholesterol), and troponin I, etc.

Methods of Research
Peripheral Blood Sample Collection, Extraction of Total RNA, and cDNA Synthesis
For lymphocyte extraction 6 mL of peripheral venous blood after fasting was collected from each subject in the morning.
Total RNA was extracted from the obtained lymphocytes using the Blood Total RNA Kit from Xinjing Biological
Reagent Development Co., Ltd. (Hangzhou). The extraction process strictly followed the instructions on the kit. Reverse
transcription was carried out using the total RNA and the first-strand synthesis premix as per the instructions of the
Fastking One-step Genomic cDNA reverse transcription kit (Tiangen Biochemical Technology Co., Ltd., Beijing). The
concentration of RNA of each sample for the reaction was the same. The obtained cDNA samples were stored at
a temperature of −80°C for further experiments.

Quantitative Real-Time Fluorescence PCR (qRT-PCR) Detection
PCR amplification of fragments was conducted using the SYBR fluorescence quantitative PCR kit from the Biotech
Fluorescence Quantitative Kit, Taq qPCR synthesis premix reagent (Shanghai). A volume of 20 µL reaction solution
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included: 10 µL 2xSG Fast qPCR reaction mixture, 2 µL DNF buffer, 0.4 µL each of primers (forward and reverse; final
concentration 10 µmol/L), 6.2 µL sterile water (double distilled), and 1 µL of cDNA sample. To amplify the genes, the
7500 Fast Dx Real-time Fluorescence Quantitative PCR System was used. Post-amplification, the melting and amplifica-
tion curves were recorded in the range of 60 °C to 95 °C. GAPDH and ZCCHC9 were used as the gene for normalization
and the target gene, respectively, and the software dissociation curve of the ABI-FAST7500 instrument was used for
specific amplification conditions. For each sample, the obtained cycle threshold (ct) was expressed as relative expression
2−Δct (Δct = ct value of the target gene - ct value of the reference gene).

Statistical Analysis
SPSS v25.0 software was used for statistical analysis. The normality test was used for measuring data that obeyed the
normal distribution (P>0.1) were statistically described by X±S, and the difference between groups was analyzed by t-test
of two independent samples. The data not following a normal distribution (P≤0.1) were described using the median and
interquartile range, and the variations between groups are analyzed nonparametric rank-sum test using two independent
samples. The count data was described by statistical analysis by frequency, and the difference between groups was
analyzed by x2 test. Multivariate Logistic regression was carried out for risk factors associated with AMI. The association
between the ZCCHC9 gene and troponin I expressions was analyzed by bivariate correlation. The statistical results were
deemed statistically significant with a bilateral P≤0.05.

Results
Assessment of Clinical Data
The clinical baseline data analysis of the study subjects showed that there was no statistical difference in gender, age,
history of high blood pressure, diabetes history, smoking history, TG, TC, HDL-C, and LDL-C between patients of two
groups (P>0.05). However, the level of blood glucose of the AMI group after fasting was higher at significant levels
(P<0.05) than that of the stable CAD group (Table 1).

Identification of ZCCHC9 Gene Amplification Products in Peripheral Blood
In this assay, the amplification curves (Figure 1A) of the target gene and internal reference gene were smooth “S-shaped”
and all the melting curves (Figure 1B) came together as single peaks, with no multiple peaks. These results show that the
amplification primers are highly specific, the reaction conditions are appropriate, with no non-specific amplification
(Figure 1).

Table 1 The Clinical Baseline Data Were Compared for the AMI and the Stable CAD Groups

Research Category AMI Group (N=126) SCAD Group (N=117) t/x2/z P value

Gender 0.381 0.537

Male, n 87 (0.690) 85 (0.726)

Female, n 39 (0.310) 32 (0.274)
Age 64.330±11.307 62.080±8.921 1.718 0.087

Hypertension, n 58 (0.460) 60 (0.513) 0.669 0.413

Smoking history, n 58 (0.460) 46 (0.393) 1.118 0.290
Type 2 diabetes, n 38 (0.302) 28 (0.239) 1.189 0.276

TG(mmol/l) 1.570 (1.160–2.380) 1.660 (1.200–2.470) −0.512 0.608

TC(mmol/l) 4.520 (3.900–5.260) 4.260 (3.640–5.050) −1.695 0.090
HDL-C(mmol/l) 0.950 (0.825–1.160) 0.970±0.217 −0.834 0.404

LDL-C(mmol/l) 3.030 (2.370–3.645) 2.871±0.873 −1.339 0.180

Fasting blood glucose (mmol/l) 6.560 (5.540–9.235) 5.650 (5.120–7.290) −3.168 0.002

Abbreviations: AMI, acute myocardial infarction; SCAD, stable coronary atherosclerotic heart disease; TG, triglyceride; TC, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Figure 1 qRT-PCR amplification curve (A) and melting curve (B) of ZCCHC9 gene.
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Comparative Analysis of ZCCHC9 Gene Expression at mRNA Level
For each sample, the Δct value obtained by qRT-PCR was the average of values obtained by conducting each experiment
thrice for each sample. The 2−Δct value of the AMI group was 0.516 (0.181–0.906) and that of the stable CAD group was
0.685 (0.207–1.127), and the difference in terms of statistical values was significant (P<0.05) between the two groups.
The peripheral blood from AMI group samples exhibited significantly lower ZCCHC9 mRNA expression, with the
relative expression 0.753 times that of the stable CAD group, as shown in Figure 2.

Comparative Analysis of the Expression of ZCCHC9 Protein in Peripheral Blood
For this, Western blot was conducted using β-actin was used for normalization, and the experiment was repeated thrice
per group to detect the target gene level in the patients’ peripheral blood. The β-actin expression in the stable CAD group
and the AMI group was not significantly different (Figure 3A), while the level of the ZCCHC9 gene differed among the
two groups (Figure 3B) (image J 2006 edition). The level of ZCCHC9 protein in the AMI group was found to be 0.917
times that in the stable CAD group (Figure 3).

Correlation Analysis Between the ZCCHC9 Gene and Fasting Blood Glucose
Expressions
The clinical baseline data of the subjects in this study revealed a statistically significant variation between the level of
fasting blood glucose in the stable CAD and the AMI groups. Therefore, we further analyzed whether there is an
association between fasting blood glucose and the expression of ZCCHC9 mRNA. All subjects were categorized into two
groups: the normal fasting blood glucose group (≤5.6) and the elevated fasting blood glucose group (>5.6).22 We found
no correlation between the expression of ZCCHC9 mRNA and the patient’s fasting blood glucose level (Table 2).

Logistic Regression Analysis of the Relationship Between ZCCHC9 Gene Expression,
AMI, and the Level of Fasting Blood Glucose Level
According to the cut-off value of the relative expression of the ZCCHC9 gene, each subject was grouped either into the
low gene expression group (2−Δct≤1.090), or the high gene expression group (2−Δct>1.090). The low ZCCHC9 gene
expression was found to be an independent AMI risk factor (P=0.009). The low ZCCHC9 gene expression group had
a 2.597-fold increase in the risk of AMI compared to that in the high ZCCHC9 gene expression group. High fasting
blood glucose was found to be an independent AMI risk factor (P=0.001), and the increased fasting blood glucose raised
2.514 times the AMI risk (Table 3).

Figure 2 Relative expression of ZCCHC9 gene.
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Bivariate Correlation Analysis Between ZCCHC9 Gene Level and Troponin
I Expression
The concentration of troponin may indicate the area of myocardial infarction. The concentration of troponin I in the AMI
group was 2.085 (0.120–2.473) ng/mL. After bivariate correlation analysis, there was no correlation between serum
troponin concentration and ZCCHC9 gene expression in peripheral blood (r=−0.026, p=0.715). That is, no correlation
was observed between ZCCHC9 gene expression in peripheral blood and the area of AMI.

Figure 3 ZCCHC9 gene protein expression level. 1, 2, and 3 represent the AMI samples, and 4, 5, and 6 represent the stable CAD samples. Protein expression profiles (A)
and relative experession level (B) of related genes.

Table 2 Correlation Analysis Between ZCCHC9 Gene mRNA Expression and Fasting Blood Glucose Level

Group No. Relative Expression of ZCCHC9 Z P

Normal fasting blood glucose group 86 0.564 (0.156–1.034) −0.474 0.635

High fasting blood glucose group 142 0.671 (0.236–0.949)

Table 3 Independent AMI Risk Factors Determined Through Logistic Regression Analysis

B Standard Error Wald df P OR value 95% CI

ZCCHC9 gene low expression 0.955 0.366 6.819 1 0.009 2.597 1.269–5.317
High fasting blood glucose 0.922 0.286 10.407 1 0.001 2.514 1.436–4.400
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Discussion
The level of the ZCCHC9 gene in the peripheral blood of the AMI group was found to be lower than that in the stable
CAD group at the level of both transcript and protein.

Gene-related research shows that the ZCCHC9 gene is located on human chromosome 5. It is a zinc finger protein
with a CCHC zinc-finger structure and contains 271 amino acids with a molecular weight of 29KDa. The ZCCHC9
protein contains the relatively conserved amino acid sequence Cys-X2-Cys-X4-His-X4-Cys. It can bind to DNA, RNA,
and sometimes mediate protein interactions, participate in a number of cellular processes in various physiological
conditions and diseases.23,24 Compared with other zinc finger proteins, CCHC-type proteins have been less studied.
This study focused mainly on ZCCHC9 gene expression in peripheral blood and revealed its significantly low expression
in the AMI group than in the stable CAD group.

Besides the abnormal expression of the ZCCHC9 mRNA in the AMI group than the stable CAD group, fasting blood
glucose levels also showed statistical differences among the two groups. The AMI group had significantly high fasting
blood glucose levels than the stable CAD group. We also found that the aberrant expression of the ZCCHC9 gene did not
correlate to fasting blood glucose levels. Logistic regression analysis results in this experiment showed that fasting blood
glucose at a high level was an independent AMI risk factor, and showed 2.514-folds elevated AMI risk. Likewise,
regardless of fasting blood glucose and other factors, the low ZCCHC9 gene expression singly could also enhance AMI
risk 2.597-folds. This is in line with the previous results. A reasonable explanation may be that the ZCCHC9 gene does
not promote the occurrence of AMI by affecting blood glucose levels. Concurrently, persistent hyperglycemia, in
comparison to fluctuating hyperglycemia activates oxidative stress with greater potential to increase the risk of micro-
vascular disease and death because of cardiovascular disease.25–27

The concentration of troponin I in peripheral blood can diagnose the area of myocardial infarction and indicate the
myocardial infarction severity. We also found no correlation between ZCCHC9 gene level and troponin I concentration;
this could have been the case if the low ZCCHC9 gene expression causes AMI. Therefore, we assumed that the low level
of ZCCHC9 is related to the onset of AMI, but the severity of AMI and the infarct size could not be evaluated
accordingly.

Many zinc finger proteins have been shown to affect the MAPK signaling pathway. For example, ZCCHC13 can
positively regulate the MAPK pathway to promote normal testicular development.28 ZCCHC11 inhibits the activation of
tumor necrosis factor-related factor 6-dependent NF-κB, and it is an important factor in the MAPK signal cascade.29 The
ZCCHC9 gene may down-regulate transcription mediated by NF-κB and serum response elements (from GeneCards
https://www.genecards.org/). ZCCHC9 gene plays an important role in the MAPK signal pathway by inhibiting the
transactivation activity of NF-κB and SRE. It also up-regulates the JNK pathway activity in the MAPK pathway
subfamily in lung cancer cells such as A549 and NCI-H1299 to promote the proliferation and invasion of cancer
cells.24,30 This indicates that ZCCHC9 has a potential role in the MAPK signaling cascade. Oxidative stress, that is,
reactive oxygen species that mediate a series of biochemical reactions in cells through MAPK signaling pathways, is
related to AMI.31 Thus, we can infer that the low level of ZCCHC9 may promote oxidative stress through the MAPK
pathway to promote the occurrence of AMI.

Interestingly, ZCCHC9 is related to the occurrence of tumor diseases. Zinc finger proteins play a corresponding role
through the binding of some specific amino acid domains to DNA/RNA and are inextricably linked to the occurrence of
some tumors. That is, some tumors may be activated as a result of the change in the structure of zinc finger proteins. The
MAPK signaling pathway also has a vital part in the occurrence of breast cancer,32 prostate cancer,33 lung
adenocarcinoma,34 and other tumors. Further, we can reasonably speculate that there may be a common MAPK signal
transduction pathway in tumorigenesis and AMI. Concurrently, many reports have shown the association between the
occurrence of AMI and tumors, such as breast carcinoma,35 lung carcinoma,36 and pancreatic cancer.37 This is a rare case
of AMI because cancer embolizes coronary vessels or directly invades the left atrium during the progression of the
disease.

Only little is known about ZCCHC9; genome-wide expression profiling study indicated up-regulation of ZCCHC9 in
the human neck cancers cells both HPV (human papillomaviruses) positive or negative and cervical cancer cells relative
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to normal cells.38 In our study the AMI patients had significantly low ZCCHC9 gene expression in their peripheral blood
compared to that in the control group. Therefore, further research is necessary.

There were a few limitations to this study. First, the expression of the ZCCHC9 gene in cardiomyocytes was not
clarified. Second, we can only speculate that there exists a common pathway between tumorigenesis and AMI, as we did
not perform relevant experiments to confirm it. Finally, the plaque vulnerability and medication status of the two groups
of subjects were not statistically analyzed. Therefore, a larger sample of research may be more meaningful. Moreover,
further cytological study is necessary. Nevertheless, this study clearly shows that the low expression of the ZCCHC9
gene is related to the occurrence of AMI.

Conclusion
The AMI patients had significantly low ZCCHC9 gene expression in their peripheral blood compared to that in the
control group and this low expression was found to be an independent risk factor for AMI. Finally, this low peripheral
blood expression of the ZCCHC9 gene may serve as an AMI genetic marker in stable coronary heart disease patients.

Abbreviations
AMI, Acute myocardial infarction; CAD, coronary atherosclerotic heart disease; TG, triglyceride; TC, total cholesterol;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; PCI, percutaneous coronary
intervention; MAPK, mitogen-activated protein kinases; NF-Kb, nuclear factor-k-gene binding.
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