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Background:Myocardial infarction (MI) is the leading cause of death from non-infectious

diseases worldwide and results in rapid deterioration due to the sudden rupture of

plaques associated with atherosclerosis, a chronic inflammatory disease. Sleep is a

key factor that regulates immune homeostasis of the body. The imbalance in circulating

immune cells caused by sleep deprivation (SD) may represent a risk factor leading to the

rapid deterioration of plaques and MI. Therefore, it is of profound significance to identify

diagnostic biomarkers for preventing SD-related MI.

Methods: In the present study, we identified coexpressed differentially expressed

genes (co-DEGs) between peripheral blood mononuclear cells from MI and SD samples

(compared to controls) from a public database. LASSO regression analysis was applied

to identify significant diagnostic biomarkers from co-DEGs. Moreover, receiver operating

characteristic (ROC) curve analysis was performed to test biomarker accuracy and

diagnostic ability. We further analyzed immune cell enrichment in MI and SD samples

using the CIBERSORT algorithm, and the correlation between biomarkers and immune

cell composition was assessed. We also investigated whether diagnostic biomarkers are

involved in immune cell signaling pathways in SD-related MI processes.

Results: A total of 10 downregulated co-DEGs from the sets of MI-DEGs and SD-

DEGs were overlapped. After applying LASSO regression analysis, SYTL2, KLRD1, and

C12orf75 were selected and validated as diagnostic biomarkers using ROC analysis.

Next, we found that resting NK cells were downregulated in both the MI samples and

SD samples, which is similar to the changes noted for SYTL2. Importantly, SYTL2

was strongly positively correlated not only with resting NK cells but also with most

genes related to NK cell markers in the MI and SD datasets. Moreover, SYTL2 was

highly associated with genes in NK cell signaling pathways, including the MAPK

signaling pathway, cytotoxic granule movement and exocytosis, and NK cell activation.

Furthermore, GSEA and KEGG analyses provided evidence that the DEGs identified from
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FIGURE 7 | Correlation between the expression level of SYTL2 and enriched immune cells. (A) Correlation between the expression level of SYTL2 and enriched

immune cells in the GSE59867 dataset. (B) Correlation between the expression level of SYTL2 and enriched immune cells in the GSE62646 dataset. (C) Correlation

between the expression level of SYTL2 and enriched immune cells in the GSE37667 dataset. The size of the dots represents the strength of the correlation between

SYTL2 and immune cells; the color of the dots represents the P-value; the greener the color, the larger the P-value; and the red the color, the lower the P-value. P <

0.05 was considered statistically significant. (D) Heatmap showing the correlation between SYTL2 and the marker genes of NK cells.

to explore diagnostic biomarkers and analyse the association with
immune cell enrichment to improve the prognosis of MI.

In the present study, we identified 1,599 DEGs between the
MI and CAD PBMC samples based on the GSE59867 and
GSE62646 datasets as well as 102 DEGs between SD and control
PBMC samples from the GSE37667 dataset. Then, a total of
10 co-DEGs were obtained from the MI-DEGs and SD-DEGs.
After applying LASSO regression analysis, SYTL2, KLRD1, and
C12orf75 were selected and validated as diagnostic biomarkers
using ROC analysis. Next, we found that resting NK cells were
downregulated in both the MI samples and SD samples, which
is similar to the change noted for SYTL2. Importantly, SYTL2
was strongly positively correlated not only with resting NK cells
but also with most genes related to NK cell markers among the
MI datasets and SD dataset. Moreover, we performed correlation
analysis between SYTL2 and the genes in the NK cell signaling
pathway that were obtained from the KEGG database. The
results indicated that SYTL2 was highly associated with genes
in the MAPK signaling pathway, cytotoxic granule movement
and exocytosis, and NK cell activation. Furthermore, GSEA and
KEGG analyses suggested a strong association with regulation
of the immune response and NK cell-mediated cytotoxicity for

the DEGs between low- and high-SYTL2 expression samples
in GSE59867, which were classified based on a median cut-off
value. All of the above evidence demonstrated that the biological
function of SYTL2 might be strongly correlated with the immune
response in SD-related MI processes, especially with NK cells.

Biomarkers in the circulation play a key role in risk
stratification and therapeutic management of cardiovascular
diseases due to the difficulty of obtaining anatomical tissue
biopsies (28, 29). A previous study indicated that the expression
levels of over 80% of peripheral blood transcriptomes were
shared among 9 different human tissue types, suggesting that
PBMCs are sensitive to ongoing cardiac dysfunction and
respond by altering their transcriptome. However, the reason
why tissue-specific upregulated or downregulated gene patterns
are synchronized to circulating cells remains unclear (18, 30).
In this context, our current study highlights the potential
to use mRNA signatures in PBMCs as diagnostic biomarkers
of SD-related MI. PBMCs are an innate circulating cell
population with inflammatory properties that have significant
associations with atherosclerotic plaque formation and MI risk
and progression (31–33). A transcriptome study of PBMCs
from early onset MI patients indicated that lncRNA-NEAT1
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FIGURE 8 | Association between SYTL2 and the NK cell-mediated cytotoxicity signaling pathway. (A) Regulation network of the NK cell-mediated cytotoxicity

signaling pathway as obtained from the KEGG database. The red square indicates that the gene was significantly correlated with SYTL2 (P < 0.05). (B) Correlation

between the expression level of SYTL2 and the genes in the NK cell-mediated cytotoxicity signaling pathway.

expression levels were significantly downregulated in MI PBMC
samples. LncRNA-NEAT1 was identified as an immunoregulator
affecting T cell andmonocyte-macrophage lineage differentiation
and functions in vivo, which may impact the course of
diseases (34). ALK4 expression levels in PBMCs of MI patients
were significantly higher than that in PBMCs of healthy
volunteers, and ALK4 function was associated with cardiac
inflammation and vulnerability to ventricular arrhythmia after
acute myocardial injury. The establishment of an MI mouse
model suggested the potential involvement of macrophage-
mediated ALK4 expression in the inflammatory phase of MI (35).
Moreover, a bioinformatics study based on the gene expression
profiles of PBMCs between AMI samples and controls was
performed. IL1R2, IRAK3, and THBDwere collectively identified
as a diagnostic marker of AMI and showed a close correlation
with immune cells, such as M2 macrophages, monocytes,
activated NK cells, and gamma delta T cells (14). The present
study identified SYTL2, KLRD1, and C12orf75 as diagnostic
markers of SD-related MI and demonstrated that immune cells,
especially resting NK cells, played important roles in disease
progression. Therefore, this gene set represents a promising
measurement from a clinical perspective. Specifically, the PBMC
expression profile of atherosclerosis patients who undergo SD
might have prognostic value regarding the clinical course or
response to anti-inflammatory treatment.

The amount of sleep time has drastically decreased in modern
society due to changes in lifestyle behavior and the presence
of sleep disorders. Several intermediate pathophysiological
mechanisms have been reported to be induced by short sleep
duration, such as inflammatory responses, atherosclerosis,
oxidative stress, and insulin resistance, resulting in the
development of cardiovascular and metabolic disorders

(36–40). In a large prospective study from London with more
than 10,000 participants and a mean follow-up time of 15 years,
participants with a short sleep duration showed the highest risk
of CAD (MI and angina, relative risk 1.55, 95% CI 1.33–1.81),
especially in people with sleep disorders (41). Sleep loss exerts a
strong regulatory influence on peripheral levels of inflammatory
mediators of the immune response, which contributes to the
development of atherosclerosis (42). Inflammatory cytokines,
such as IL-1α, IL-1β, IL-6, and TNF-α, exhibit a positive linear
association with habitual short sleep duration. C-reactive protein
(CRP), which is considered a predictor of cardiovascular events,
was also elevated in plasma after partial SD, and the levels
remained high even after two nights of sleep recovery (42, 43).
As the main source of these cytokines, the expression levels in
monocytes are strongly regulated by circadian rhythms (44).
Generally, the leukocyte population increases after acute SD.
However, the number of circulating NK cells was decreased
after SD, which subsequently led to an increase in B and T
lymphocytes and total white blood cells (43). A previous study
indicated that the number of apoptotic NK cells in peripheral
blood was significantly increased in CAD patients compared to
healthy patients, and this effect was induced by oxidative stress
(45). Our study found that resting NK cells were enriched in
neither MI samples nor SD samples. One reasonable hypothesis
is that NK cells undergo apoptosis due to oxidative stress
induced by SD, which subsequently stimulates the increase
in other inflammatory cells and enhances the inflammatory
response, finally increasing cardiovascular events.

Three diagnostic biomarkers, including SYTL2, KLRD1, and
C12orf75, were identified to be associated with SD-related MI.
The synaptotagmin-like protein homology domain (SHD) of
SYTL2 specifically binds to the GTP-bound form of Ras-related
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FIGURE 9 | Significant pathways influenced by SYTL2 in the GSE59867 dataset. (A) Volcano plot of the GSE59867 dataset. A total of two upregulated DEGs and 91

downregulated DEGs were identified between low- and high-SYTL2 expression samples. (B) Heatmap of DEGs between low- and high-SYTL2 expression samples in

the GSE59867 dataset. (C) DEGs with the top 15 enriched GO terms and KEGG terms. (D) Distribution of DEGs for different GO-enriched functions.

protein Rab-27A (RAB27A), which suggests a role of vesicle
trafficking and exocytosis in epithelial cells and haematopoietic
cells, including neutrophils, cytotoxic T cells, NK cells, and
mast cells (46–48). SYTL2 has been reported to control the
podocalyxin-rich vesicles tethering and fusion in conjunction
with Rab27/Rab3/Rab8 via synaptotagmin-like protein 4a (Slp4a)
to promote vascular lumen formation (49). SYTL2 is recruited

to the apical membrane where it regulates secretion of Weibel-
Palade Body components into the luminal space (50). Knockout
of SYTL2 blunts the vascular lumen formation during angiogenic
development, suggested its potential role in the setting ofMI (50).
KLRD1, which is also named CD94, is an antigen preferentially
expressed on NK cells (51). NK cells are important in the
onset of AMI given their ability to secrete IFN-γ and other
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inflammatory cytokines (52). However, NK cell activity and
quantity were suppressed in MI patients with significant mRNA
downregulation of inhibitory and activating NK cell receptors
(53, 54). The specific mechanism of these clinical manifestations
remains unclear. The present study might provide potential
evidence that the downregulated expression levels of SYTL2
and KLRD1 in SD-related MI patients lead to dysfunction of
exocytosis in NK cells and suppress NK cell activity, which
subsequently contributes to neutrophil and T cell activity and
the immune response. This hypothesis also needs to be further
validated by in vivo and in vitro experiments.

It should be noted that cardiac troponin (cTn), including
cardiac-specific troponin T (cTnT) and I (cTnI), are now widely
used as a gold standard to identify patients with MI (55).
Despite the cardiac specificity of troponin, there are other clinical
conditions except for MI in which troponin may be elevated,
including cardiac and non-cardiac causes (56). Previous studies
indicated that high-sensitivity cTnI was elevated in patients with
obstructive sleep apnea (OSA), which higher OSA severity was
related to higher concentrations of high-sensitivity cTnI (57, 58).
However, the presence of OSA may have a protective effect on
myocardial ischemic injury in the setting of AMI, which was
manifested as lower concentrations of cTnI than patients without
OSA (59). These above evidences showed that the use of troponin
to diagnose MI caused by sleep disorders is still controversial.
Thus, the exploration for other interesting insights of areas like
peripheral blood genomics biomarkers might assist troponin in
the diagnosis of true MI in patients with sleep disorder.

Several unavoidable limitations in the present study should
be acknowledged. First, the sample size of the included study
was relatively small, and only 9 individuals were recruited
in the GSE37667 dataset for SD. Second, due to the rapid
progress of sequencing technology, heterogeneity exists between
different batches and experimental platforms. Third, the study
was performed based on microarray datasets with two different
populations to explore the role of genes from PBMCs in SD-
related MI. However, direct evidence, such as clinical studies or
in vivo experiments, are not available to support the conclusion.
It is better to design study as in the previous literature. They
collected peripheral blood samples from 302 patients for a case-
control study to further confirm the bioinformatics analysis
results based on the GSE59867 and GSE62646 datasets that
dysregulated circulating hub genes expression were associated
with MI development (60). Therefore, experiments using in vitro
and in vivo models as well as prospective clinical studies will be

indispensable for validation of the diagnostic and theragnostic
value of these biomarkers.

CONCLUSION

In summary, a set of genes from PBMCs, including SYTL2,
KLRD1, and C12orf75, were identified as diagnostic biomarkers
for SD-related MI. SYTL2 exhibited a strong positive correlation
with resting NK cells, which were both downregulated in the
MI samples and SD samples and involved in NK cell signaling
pathways, including the MAPK signaling pathway, cytotoxic
granule movement and exocytosis, and NK cell activation.
These diagnostic biomarkers and hypothetical signaling axes
may provide prognostic value and therapeutic targets for SD-
related MI.
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