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Purpose: Coronary artery stenosis caused by atherogenesis is a major pathological link in coronary heart disease (CHD), which is
a leading cause of global morbidity and mortality. Junctional adhesion molecule C (JAM-C) presents more and more association with
atherosclerosis. However, no studies have shown the relationship between soluble JAM-C (sJAM-C) and the degree of coronary artery
stenosis. This study aimed to analyze the effect of sJAM-C on coronary artery stenosis and to verify whether sIAM-C could be
a biomarker for coronary artery stenosis.

Patients and Methods: The participants registered at the Beijing Luhe Hospital, Capital Medical University in the cross-sectional
study. A total of 121 patients without coronary stenosis and 408 patients with coronary artery stenosis were enrolled after matching age
and sex. Demographic information, medication history, and laboratory data were collected. The level of serum sJAM-C was detected
by enzyme-linked immunosorbent assay (ELISA) kits. We used the logistic regression model to evaluate the association between
sJAM-C and coronary artery stenosis. Furthermore, the receiver operating characteristic (ROC) curve and area under curve (AUC)
were used to evaluate the diagnostic value of sSJAM-C on coronary artery stenosis.

Results: The serum level of sSIAM-C was remarkably higher in patients with coronary artery stenosis than those without stenosis (p <
0.0001). Logistic regression models showed that there were positive association between serum sJAM-C level and coronary artery
stenosis after adjustment, with corresponding ORs were 3.088 (95% CI 1.922-4.960, p < 0.0001). And the ROC curve revealed
a sensitivity of 65.7% and specificity of 60.3% with AUC of 0.676 (95% CI 0.622—0.730) for the diagnosis of coronary artery stenosis
with serum sJAM-C at a cut-off value of 18.1 pg/mL, indicating a certain diagnostic value.

Conclusion: In summary, higher serum sJAM-C level was possibly associated with the more severe coronary artery stenosis.
Additionally, sJAM-C demonstrates a certain diagnostic value of coronary artery stenosis. These findings suggest sJAM-C may be
a biomarker for coronary artery stenosis.
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Introduction

Coronary heart disease (CHD), also known as ischemic heart disease (IHD), is a heart disease characterizing with
stenosis or occlusion of coronary artery caused by atherosclerosis, resulting in the plurality of world-wide morbidity and
mortality. Coronary atherosclerosis is the foremost cause of mortality and loss of Disability Adjusted Life Years
(DALYs) globally, which accounting for nearly 7 million deaths and 129 million DALYs annually.' The boarder
epidemiological studies have shown that high serum cholesterol is a key risk factor for CHD.? In particular, low density
lipoprotein cholesterol (LDL-C) has been considered as a casual contributor to CHD according to series of genetic
studies, prospective epidemiological studies, Mendelian randomization studies and randomized control trials.** Smoking,
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hypertension, diabetes, obesity and hereditary factor are also noteworthy factors.”® In addition, numerous studies have
identified predictors of CHD, such as serum homocysteine, folate and C-reactive protein.”® However, there are also some
studies suggesting junctional adhesion molecules (JAMs) played a significant role in atherosclerosis via promoting
vascular inflammation and leukocyte infiltration.’

JAMs belong to the immunoglobulin superfamily, which is recognized as cell surface and soluble proteins
involving in recognition, binding, or adhesion cells.”'' Current studies have paid attention to four major JAM
molecules: JAM1, JAM2, JAM3, JAM4, which first three of them are also known as JAM-A, JAM-B, JAM-C."?
They are expressed at tight junctions of epithelial and endothelial cells, and are variably expressed by smooth muscle
cells, platelets, erythrocytes and leukocytes in humans, as well as by fibroblasts and smooth muscle cells in mice.'
The crosstalk between JAMs and integrins contributes to the functions of JAMs.'* Hence, JAMs are involved in the
regulation of diverse functions like cell permeability, polarity and proliferation, tumor metastasis, angiogenesis or
leukocytes transmigration during tissue inflammation.'” Increasing evidences indicated that JAMs present more and
more association with atherosclerosis. In particularly, JAM-C was obviously up-regulated in the atherosclerotic vessel
wall by ox-LDL, and in the spontaneous early lesion developed of ApoE "~ mice, JAM-C expression was increased.'®
Anti-JAM-C antibody resulted in increased reverse transendothelial migration of monocyte-derived cells, as well as
decreased neointima hyperplasia and neointima macrophage caused by wire injury of carotid arteries and an athero-
genic diet.'”'® Tt is worth noting that JAM-C was found in soluble form presenting in serum of patients with
rheumatoid arthritis.'” Given the role of JAM-C in vascular inflammation and leukocyte adhesion, its soluble form
(sJAM-C) may serve as a circulating biomarker, reflecting the severity of atherosclerosis and coronary artery stenosis.
Despite evidence linking JAM-C to atherosclerosis, the potential role of sJAM-C as a biomarker for coronary artery
stenosis remains unexplored, representing a critical gap that this study seeks to address. Therefore, this study aims to
investigate the relationship between serum sJAM-C levels and the severity of coronary artery stenosis, evaluating its

potential as a biomarker for coronary artery stenosis.

Materials and Methods

Patients and Samples
This study was single-center, cross-sectional study. Admission data of patients with suspected CHD between July 2021
and May 2023 were retrospectively assessed in Beijing Luhe Hospital, Capital Medical University. Patients who went
coronary angiography as recommended by their physician were included in the study. While patients who met one or
more of the following criteria were excluded: (1) patients who suffered from severe cerebrovascular diseases, severe liver
and kidney dysfunction, acute infection, malignant tumor, severe diseases of the endocrine and hematopoietic systems,
mental diseases, pregnancy status, and patients in lactation, etc; (2) patients with contraindications to coronary
angiography or who cannot cooperate with the arterial vascular examination. Duration of diabetes, smoking, alcohol
consumption, and medication history were recorded. Among the 637 potential participants, 65 participants with missing
blood samples and completed data were excluded, and 43 participants with outlier serum levels of sJAM-C were
excluded. Finally, a total of 529 participants were enrolled in this study (Figure 1). All eligible patients were classified
into five groups depending on Coronary Artery Disease Reporting and Data System (CAD-RADS).”° CAD-RADS
classification criteria were based on the vessels with the most severe stenosis. The coronary artery stenosis severity was
further divided into five groups: no visible stenosis, minimal or mild, moderate, severe and occluded. The severe degree
of coronary artery stenosis in the 1-45% range is defined as minimal or mild, moderate refers to the degree of stenosis in
the range of 50-69%, severe refers to the degree of stenosis in the range of 70-99%, occluded refers to total occlusion.
Included patients were divided into five groups, no visible stenosis group, minimal or mild occlusion group, moderate
occlusion group, severe occlusion group and occluded group for subsequent study analysis.

The study complied with the Helsinki Declaration for investigation of human subjects and obtained ethical approval
from the competent Institutional Review Boards of Beijing Luhe Hospital, Capital Medical University. All participants

provided written informed consent.
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Figure | Form of participants through the trial.

Biochemical Measurements

Systolic and diastolic blood pressure were measured using a standard mercury sphygmomanometer as described before.”'
Venous blood samples were withdrawn from each patient in the morning after overnight fasting. Sera were separated with
1h. Routine laboratory measurements were performed, including total triglyceride (TG, mmol/L), total cholesterol (TC,
mmol/L), low density lipoprotein cholesterol (LDL-C, mmol/L), high density lipoprotein cholesterol (HDL-C, mmol/L),
C-reactive protein (CRP, ng/mL), hyper-sensitivity C-reactive protein (hs-CRP, mg/L), erythrocyte sedimentation rate
(mm/h), and blood cell analysis. Serum samples were stored immediately at —80°C until further analysis.

Assessment of Circulating sJAM-C

Serum JAM-C (ELH-JAMC, RayBiotech, Atlanta, GA, USA) level were measured by commercially available human
ELISA kits according to the manufacturers’ instruction. The intra-assay coefficients of variation for sSIAM-C was less
than 10%, while the inter-assay coefficients of variation was less than 12%. This ELISA antibody pair detects human
JAM-C. No cross-reactivity with human JAM-A, mouse JAM-A, or mouse JAM-C was observed.

Statistical Analysis

Statistical analyses were performed using SPSS 21.0 software (SPSS Inc., Chicago, IL, USA). The Kolmogorov—Smirnov test
was used to testing the normality of the data. Variables were expressed as mean + standard deviation (SD) or median
(interquartile ranges). For continuous data, variables conforming to the normal distribution were analyzed by Student’s t-tests
for the differences between two groups. Variables that are not normally distributed were used Mann—Whitney test. For
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comparisons among multiple groups, one-way ANOVA followed by Turkey’s post-hoc analysis was conducted. Binary
logistic regression analysis was conducted to explore the association between sIAM-C and coronary artery stenosis. Three
models were established and adjusted for a different covariate. Model 1 was adjusted for age and sex, which was a relative
cruded model used to explore the based relationship between sJAM-C and coronary artery stenosis. The unhealthy lifestyle or
diseases such as smoke, drink, diabetes and hypertension have adverse effects on cardiovascular disease,22 so we adjust for
smoke, drink, diabetes and hypertension plus covariate of model 1. And the model 3 was input all variable in model 2 plus TC,
TG, HDL-C, LDL-C to adjust for common possible confounding factors. Furthermore, receiver operating characteristic
(ROC) curve was performed to estimate the diagnostic value of SIAM-C on coronary artery stenosis and to quantify the
diagnostic ability using an area under the curve (AUC). The closer the AUC is to 1, the better the diagnostic effect of the
variable. The P values of <0.05 were considered statistically significant.

Results

Demographic and Clinical Characteristic

In this study, we enrolled 529 participants. The demographic and clinical characteristics of the study participants
according to the two groups are described in Table 1. Participants in the two groups were comparable in age, sex,
drinking, smoking, blood pressure, lipid profiles, blood cells ratios and indicators of liver function. The medium age was
63 years and 51.7% were females in coronary artery stenosis group, which was similar to the no stenosis group. 37.7%
participants in coronary artery stenosis groups had diabetes, which was significantly higher than the 23.1% prevalence in
the no stenosis group. And the plasma level of TC and LDL-C in participants with coronary artery stenosis was 4.4147 +
1.07376 mmol/L and 2.7883 £ 0.85974 mmol/L, respectively, and significantly higher than those in no stenosis group.
White blood cell, neutrophil, blood platelet, CRP and hs-CRP elevated in coronary artery stenosis, which reflected
a higher inflammatory burden in coronary artery stenosis patients (Table 1).

Table | Demographic Information and Clinical Characters of Participants

No Stenosis Coronary Stenosis | P value
n 121 408 -
Age (year) 62.45£12.346 63.59£12.139 0.442
Sex, female, n (%) 65 (53.7%) 211 (51.7%) 0.699
Smoke, n (%) 46 (38%) 177 (43.4%) 0.295
Drink, n (%) 23 (19%) 55 (13.5%) 0.133
Diabetes, n (%) 28 (23.1%) 154 (37.7%) 0.003*
Hypertension, n (%) 83 (68.6%) 279 (68.4%) 0.965
SBP, mmHg 133.22420.266 134.75+23.838 0.522
DBP, mmHg 81.51+13.248 81.94+14.965 0.777
TG, mmol/L 1.4699+0.91541 1.6783£1.35190 0.127
TC, mmol/L 4.1775£0.95719 4.4147+1.07376 0.034*
HDL-C, mmol/L 1.1571£0.31098 1.1346+0.38252 0.5665
LDL-C, mmol/L 2.5405+0.76177 2.7883+0.85974 0.006*
White blood cell, 10%/L 6.9546+2.78915 7.9534+2.86447 0.003*
Neutrophil, % 64.6452+11.59387 | 68.8777+11.25797 0.002*
Monocyte, % 7.3063+2.27480 6.9073+2.40646 0.155
Lymphocyte, % 26.0276+10.222283 | 22.3355+9.70002 0.001*
Blood platelet, 10%/L 210.2111£59.17020 | 226.3087+59.78281 0.022*
C-reactive protein, 5.9205+1.2000 8.1703+2.5400 <0.0001*
Hypersensitive C-reactive protein, mg/L | 5.6005+1.4109 8.2428+0.8199 <0.0001*
Erythrocyte sedimentation rate, mm/h 13.3429+8.0000 16.2341+11.0000 0.097

Notes: Data are presented as mean value *+ standard deviation, median (interquartile range) or n (%). The normally
distributed data was compared by Student’s t-tests, while the non-normally distributed data were compared by Mann—
Whitney test. * indicates the difference between groups reaching significance.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, Triglyceride; TC, total cholesterol;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
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Figure 2 Serum sJAM-C level in patients without and with different severity of coronary artery stenosis. One-way ANOVA and Turkey’s multiple comparison test were used
to determine statistical stage.

l-—"iii« v

JAM-C concentration in plasma
(pg/ml)

Serum sJAM-C Content was Increased with the Degree of Coronary Artery Stenosis
Coronary artery stenosis was divided into four groups according to CAD-RADS: minimal or mild (the degree of coronary
artery stenosis in 1-45% range), moderate (the degree of stenosis in the range of 50-69%), severe (the degree of stenosis
in the range of 70-99%) and occluded (total occlusion). The serum level of sITAM-C in both severe and occluded groups
were higher than that in the no stenosis group (p < 0.0001). And the sSIAM-C levels in the severe and occluded groups are
higher than those in the moderate group, with p-values of 0.0001 and 0.0004, respectively. It is worth noting that the level
of sSTAM-C was gradually increase in stenosis degree (Figure 2). Taking together, the higher the serum sJAM-C level, the
more severe the coronary stenosis.

Association Between Serum sJAM-C Level and Coronary Artery Stenosis

The association between serum sJAM-C level and coronary artery stenosis was described by 8 value of binary logistic
regression analysis (Table 2). In the model 1 (cruded model), the B value for 1-SD increase of sJAM-C levels were 1.266,
and the OR value was 3.408 (95% CI 2.164-5.368, p < 0.0001). Due to the unhealthy lifestyle or disease such as smoke,
drink, diabetes and hypertension, are risk factors for cardiovascular diseases, we adjusted for these factors in Model 2.
The B value for 1-SD increase of sJAM-C level was 1.249, and the OR value was 3.487 (95% CI 2.204-5.516, p <
0.0001). Additionally, the model 3 was input all variable in model2 puls TG, TC, LDL-C, HDL-C to adjust for common
possible confounding factors. It was found out that sSIAM-C was significantly and positively associated with coronary
artery stenosis, and the value for 1-SD increase of sJAM-C levels was 1.127, and the OR value was 3.088 (95% CI
1.922-4.960, p < 0.0001) in model 3.

Table 2 The Association Between sJAM-C and
Coronary Artery Stenosis

B OR | OR (95% CI) | P value

Model 1* | 1.226 | 3.408 | 2.164-5.368 <0.0001
Model 2° | 1.249 | 3.487 | 2.204-5.516 <0.0001
Model 3° | 1.127 | 3.088 1.922-4.960 <0.0001

Notes: * Model | was adjusted for age and sex. ® Model 2 was
adjusted for smoking, drinking, diabetes, and hypertension plus
covariates in model |. © Model 3 was adjusted total triglyceride,
total cholesterol, low density lipoprotein cholesterol, high density
lipoprotein cholesterol plus covariates in model 3.
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Figure 3 ROC curves for coronary artery stenosis on sJAM-C.
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under curve; Cl, confidence interval.

Diagnostic Value of the Level of Serum sJAM-C for Coronary Artery Stenosis

In order to quantify the diagnostic ability of sJAM-C between no stenosis group and coronary stenosis group, we
conducted ROC curve analysis. The results revealed that sSJAM-C has a certain diagnostic ability for coronary artery
stenosis (AUC = 0.676, 95% CI 0.622-0.730) (Figure 3). Interestingly, sIAM-C showed better diagnostic ability than
other traditional biomarkers, like CK-MB (AUC = 0.609, 95% CI 0.543-0.675), hs-CRP (AUC = 0.629, 95% CI
0.568-0.690) and Hey (AUC = 0.558, 95% CI 0.466-0.649) in our study (Supplementary Figure 1). The cut-off value of
sJAM-C was 18.1 pg/mL, with a sensitivity of 65.7% and specificity of 60.3%, indicating that it may be a potential

biomarker of coronary artery stenosis.

Discussion

Our study provided a novel insight into the role of sSTAM-C in coronary artery stenosis. In this study, we detected the
serum sJAM-C level of 529 patients with or without coronary artery stenosis to explore the association between sJAM-C
and coronary artery stenosis. We found that the level of sJAM-C was significantly elevated in patients with coronary
artery stenosis. And the higher level of sJAM-C, the higher degree of coronary artery stenosis. Our study not only
confirmed the association between sTAM-C and coronary artery stenosis via binary logistic regression analysis but also
indicated that sJAM-C showed a certain diagnostic value for coronary artery stenosis. Our findings provide supports for
that sSTAM-C is a potential biomarker for coronary artery stenosis.

The major pathological basis of coronary artery stenosis is atherosclerosis, which is characterized by lipid deposition
in the inner artery.”> The process is initiated by endothelium activation, followed by vascular cell adhesion molecule-1
and intercellular cell adhesion molecule-1 expressing, adhesion of monocytes, inflammation activation and atheroma
plaque formation ultimately resulting in CHD.?*** JAMs regulated the transient interaction between leukocytes and
endothelial cells via integrins. Previous studies have reported that ox-LDL increased JAM-C expression and induced
disorganization of JAM-C localization on endothelial cells. Furthermore, anti-JAM-C reduced monocyte accumulation at
vascular inflammation sites by increasing reverse transmigration rather than reducing transmigration.'®*> These results
suggested that JAM-C is associated with CHD. Interestingly, the JAM-C ectodomain can be cleaved and secreted in
a soluble form. Given the role of JAM-C in vascular inflammation and leukocyte adhesion, sIAM-C may be a marker of
coronary artery stenosis. Nevertheless, the relationship between sJAM-C and coronary artery stenosis has not been
proved. Therefore, this study was aimed at the potential connection between sIAM-C and coronary artery stenosis, and
whether sJAM-C can be used as a new biomarker for coronary artery stenosis.

Previous studies have demonstrated that the serum level of sSJAM-C was elevated in patients with rheumatoid
arthritis.'® Coronary artery stenosis is also related to vascular inflammation, and individuals with coronary artery stenosis
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have low grades of inflammation. Consistent with our study, we found that the level of sJAM-C was increased in patients
with coronary artery stenosis, and the sJAM-C levels increased with the severity of the coronary artery stenosis. In this
study, we explored the associations between sIAM-C and coronary artery stenosis by binary logistic regression analysis
and found sJAM-C had strong association with coronary artery stenosis. In Model 1, we adjusted age and gender to
preliminarily explore the relationship between sJAM-C and coronary artery stenosis. Smoking is a traditional risk factor
for CHD and contributes to the development of atherosclerosis by causing vascular endothelial dysfunction and
inflammatory response. And alcohol consumption of any amount was associated with increased cardiovascular risk.?®
Additionally, diabetes and hypertension are closely related to the occurrence of CHD.?”*® Therefore, we adjusted for
unhealthy lifestyle and disease status in Model 2. Since cholesterol, especially LDL-C, has been identified as a key risk
factor for the development of atherosclerosis, Model 3 includes all variables from Model 2 plus TC, TG, HDL-C, and
LDL-C to adjust for common possible confounding factors. It is noteworthy that sIAM-C was significantly and positively
associated with coronary artery stenosis for adjusting age, sex, lifestyle, disease status, TG, TC, LDL-C and HDL-C.

We found that after adjusting for confounding factors, sSIAM-C remained an independent risk factor for coronary
artery stenosis. sSIAM-C may be involved in coronary artery stenosis through a variety of mechanisms. However, to date,
little is known about the signaling cascade triggered by membrane-bound JAM-C, and this is the first study to show that
sJAM-C is elevated in the serum of patients with coronary artery stenosis. Previous studies have demonstrated that JAMs
are capable of isotypic and allotypic interactions with neighboring JAM molecules.'*?° Therefore, we speculate that
sJAM-C may initiate endothelium activation by binding to membrane-bound JAM-B or JAM-C on the surface of
endothelial cells. Of course, there are additional, yet unidentified, sSIAM-C receptors present on endothelial cells possibly.
These bindings play a crucial role in intercellular signal transduction. In terms of signal transduction, it is reported that
sJAM-C can trigger the phosphorylation of Src, p38, and PI3K in human microvascular endothelial cells.'” The Src, p38,
and PI3K pathways mediate the occurrence of CHD; thus, this may be the mechanism linking sJAM-C with coronary
artery stenosis.>®>? Therefore, we hold the opinion that sSIJAM-C increase in patients with coronary artery stenosis, may
be related to monocytes adhesion and endothelium inflammation activation, which could accelerate the pathology of
atherosclerosis. However, the underlying mechanisms need further exploration.

On the other hand, we tested the diagnostic performance of sJAM-C for coronary artery stenosis by ROC analysis.
Primary prevention is very important for delaying the progression of atherosclerosis and preventing adverse cardiovas-
cular events, so early identification of coronary artery stenosis is of great value. A number of biochemical indicators are
used to predict the occurrence of CHD, including CK-MB, hs-CRP and Hcy. In this study, we compared the diagnostic
value of different indicators for coronary artery stenosis and found that the diagnostic value of sIAM-C was better than
that of hsCRP, CK-MB and Hcy. sJAM-C is produced by endothelial cell in vessels, and is a more accurate indicator of
the extent of coronary artery stenosis. Studies have also shown that sIAM-C is associated with endothelium activation.
Therefore, sSJAM-C is a better diagnostic indicator for coronary artery stenosis than traditional indicators.

However, there are some limitations in this study. First of all, we have not yet demonstrated in animal models or
in vitro that sSJAM-C is elevated in response to coronary artery stenosis. We will further explore the mechanism of serum
sJAM-C increase in coronary artery stenosis in vivo or in vitro. Second, we found that sTAM-C was associated with
coronary artery stenosis, but further is needed to uncover the effect of sJAM-C on coronary artery stenosis. Further
research should be undertaken to explore more precise methods for assessing the severity of coronary heart disease, such
as intravascular ultrasound and vascular optical coherence tomography. Third, we are short of information on certain
comorbidities that could potentially influence sTAM-C, such as stroke and dementia. These conditions are associated with
endothelium injury and inflammation and may impact sJAM-C level. The absence of this data limits our understanding of
the potential confounding effects of these comorbidities on sTAM-C level in patients with coronary artery disease. Fourth,
this study was conducted at a single center, which could limit the generalizability of the findings. Although we match age
and gender of the groups, the relatively small sample size may affect the statistical power. Finally, due to the cross-
sectional design of our study, it is challenging to establish a causal relationship between serum sJAM-C level and
coronary artery stenosis. The level of sJAM-C may be a consequence rather than a cause of coronary artery stenosis. To
gain a clear understanding of the role of serum sJAM-C in coronary artery stenosis, large-longitudinal studies and
mechanistic investigations are required.
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Conclusion

In summary, the serum sJAM-C levels are associated with coronary artery stenosis, and closely related to the degree of
coronary artery stenosis. Additionally, sIAM-C demonstrates a certain diagnostic value in coronary artery stenosis. These
findings suggest that sJAM-C may be a potential biomarker for coronary artery stenosis for predicting the occurrence and
development of CHD.

Abbreviations
AUC, area under the curve; TG, total triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol;
HDL-C, high density lipoprotein cholesterol; sTAM-C, soluble JAM-C.
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