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Abstract: Fulminant myocarditis (FM) is the severest type of myocarditis and requires timely di-
agnosis and treatment. However, effective biomarkers for early diagnosis of FM are limited. First,
12 common inflammatory cytokines levels in the plasma of patients with FM were measured using
human cytokine 12-Plex assay. Then, enzyme-linked immunosorbent assay (ELISA) was used to
detect the plasma levels of another eight cytokines that we previously reported on. Moreover, a
Spearman correlation test was employed to investigate the correlations between the plasma cytokine
levels and the clinical parameters of patients with FM. Finally, receiver operating characteristic (ROC)
curve analyses were performed to assess the diagnostic performance of plasma cytokine levels for the
detection of FM. Five of the twelve common inflammation cytokines were significantly altered in pa-
tients with FM, but none of them was correlated with the severity of FM. Six of the eight significantly
changed cytokines that we previously reported on were validated by ELISA. Among these, sST2,
Siglec-5, and CD163 were negatively correlated with ejection fraction values. Furthermore, plasma
Siglec-5 and CD163 levels were found to be associated with the severity of FM. Finally, both plasma
Siglec-5 and CD163 showed outstanding diagnostic performance for FM. The current study identified
plasma Siglec-5 and CD163 as valuable novel biomarkers for the early diagnosis of FM.

Keywords: Siglec-5; CD163; biomarker; fulminant myocarditis

1. Introduction

Myocarditis is a myocardial inflammatory disease usually caused by infection (such
as a virus), autoimmune disorders (such as sarcoidosis), poisoning (such as heavy metals),
intoxication from drugs (such as anthracyclines), or abuse substances (such as cocaine) [1,2].
There are many different clinical signs and symptoms associated with it, from slight
squeezing chest depression after activity, to acute left heart failure, cardiogenic shock,
and even sudden death [3,4]. Acute myocarditis is frequently considered to be a mild
and self-limited disease. The severest form of myocarditis, fulminant myocarditis (FM),
is distinguished by fast onset, rapid progression, hemodynamic dysfunction, such as
pump failure and circulation failure, which can develop very quickly, and simultaneous
respiratory, liver, or renal failure as well. In the early stages of FM, patients may have a
high fatality rate [4–6]. Therefore, early accurate diagnosis is critical for the treatment of
patients with FM [7].

The gold standard for myocarditis diagnosis relies on endomyocardial biopsy, which
is not routinely performed and whose sensitivity is limited [8,9]. Currently, the diagnosis
of myocarditis tends to be established after confirming the presence of Lake Louise criteria
via cardiac magnetic resonance imaging (MRI) [10]. However, cardiac MRI is not readily
available under emergent circumstances. Both endomyocardial biopsy and cardiac MRI
have limitations, especially their time-consuming nature.
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Therefore, reliable and accessible diagnostic tools for the early diagnosis of FM con-
stitute an urgent clinical need. Considering that FM is a severe inflammatory disease
of the heart, and that the cytokine storm plays a central role in the pathophysiology of
FM, we speculated that plasma-inflammation-associated cytokines may serve as potential
biomarkers for FM [11]. Using human cytokines array analysis, our previous study found
eight cytokines were altered significantly (seven increased and one decreased) in patients
with FM at admission and recovered significantly at discharge; among these sST2 was a
highly specific and sensitive biomarker for FM [12]. However, a cytokine storm is often
associated with alterations of circulating levels of multiple cytokines and potential associa-
tions of other cytokines with FM, and whether these cytokines can be used as diagnostic
markers for FM remain unclear.

In this study, based on human cytokines array data, we screened six cytokines which
altered notably in the plasma of patients with FM at admission. After further analysis, we
found potential correlations between the clinical parameters and the levels of Siglec5 and
CD163 in the plasma of patients with FM, and determined the diagnostic performance of
plasma Siglec-5 and CD163 for FM. Our study revealed novel associations between FM and
plasma Siglec-5 and CD163, and identified plasma Siglec-5 and CD163 as novel specific
and sensitive biomarkers for FM.

2. Methods
2.1. Study Population

All patients and control individuals were recruited at Tongji Hospital, Wuhan, China,
between April 2017 and March 2021. The study was authorized by the Tongji Hospital and
Tongji Medical College ethical review board (ID: TJ- C20160202), and it complied with the
Declaration of Helsinki’s standards. Written consents were obtained from all participants
after being fully informed. FM was diagnosed according to the 2009 International Consen-
sus Group on Cardiovascular Magnetic Resonance in Myocarditis statement, the position
statements from the 2013 European Society of Cardiology, and the 2017 Chinese Society of
Cardiology expert consensus statement [13–15].

The following were the diagnostic criteria for FM: (1) the duration of acute HF symp-
toms was less than two weeks; (2) inotropic support or mechanical circulatory support
resulting from hemodynamic instability was administered; (3) cardiac magnetic resonance
imaging demonstrated the presence of myocarditis; (4) myocarditis was confirmed by en-
domyocardial biopsy before discharge. To exclude coronary disease, coronary angiography
was utilized. The exclusion criteria were: (1) patients aged < 11 years; (2) patients who
may have an acute coronary syndrome but have not undergone coronary angiography to
differentiate it from FM; (3) patients with myocardial injury caused by sepsis; (4) patients
with hypovolemic shock or unstable hemodynamics [14].

For human cytokine 12-Plex assay detection, 68 patients with FM and 27 healthy
controls were enrolled.

For the further analysis and validation of data obtained from array analysis, we
enrolled another 32 patients with FM and 16 controls as an independent cohort.

2.2. Human Plasma of 12 Inflammatory Cytokines Assay

The plasma levels of 12 common inflammatory cytokines in 68 patients with FM
and 27 healthy controls were detected using an ABplex human cytokine 12-Plex assay
kit (Cat#: RK04296, ABclonal Technology, Wuhan, China). In brief, covalently cross-
linked antibody molecules or gene probes were utilized for different cytokines in specific
coded microspheres; each coded microsphere corresponds to an analogous detection item.
Firstly, the fluorescent coded microspheres for different test substances are mixed, and
then the test substance or the amplified fragments to be tested are added, and the resulting
complex reacts with the labeled fluorescein. Then, driven by the flowing sheath fluid, the
microspheres pass through the red and green lasers in a single row. Finally, the red laser is
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used to determine the fluorescence code of the microspheres, and the green laser is used to
determine the fluorescence intensity of the reporting molecules in the microspheres.

2.3. Enzyme-Linked Immunosorbent Assay

The plasma levels of 8 cytokines screened by human cytokine arrays analysis were
measured using a standard enzyme-linked immunosorbent assay kit (Cat#: DST200,
DSE100, DC1630, HSCT40, R&D System; Cat#: BMS297-2TEN, EHIL17BX5, BMS225-2,
Invitrogen, Carlsbad, CA, USA; Cat#: RAB0433, Sigma-Aldrich, Saint Louis, MO, USA).
We performed measurements according to the manufacturer’s instructions. For Siglec-
5, the inter-assay CV value is less than 12% and intra-assay CV value is less than 10%
(https://www.sigmaaldrich.cn/CN/zh/product/sigma/rab0433; accessed on 9 Novem-
ber 2022). For CD163, the inter-assay CV value is less than 6.7% and intra-assay CV value
is less than 3.8% (https://www.rndsystems.com/cn/products/human-cd163-quantikine-
elisa-kit_dc1630; accessed on 9 November 2022).

2.4. Statistical Analysis

We first evaluated the normality of the distributions of continuous data using the
Kolmogorov–Smirnov test. Continuous values are shown as mean ± SD if normally
distributed, or medians and first to third quartile (quartile 1–quartile 3) if not normally
distributed. If distributions were normal, we used the unpaired Student’s t-test for compar-
isons between two groups. If distributions were non-normal, we used the Mann–Whitney
test for the analysis of comparisons between two groups. Correlation was analyzed using
the Spearman correlation test. We performed the analysis of the receiver operating charac-
teristic (ROC) curves to evaluate the diagnostic performance of Siglec-5 and CD163. The
optimal cut-off values of Siglec-5 and CD163 were established based on the highest Youden
index as a summation of maximum sensitivity and specificity [16,17]. Patients were given a
value of half the lower limit of detection if their cTnl or NT-proBNP concentrations were
below the lower limit of detection. Patients were given a value of the upper detection limit
if their cTnl values were above it. All diagrams were drawn using Prism 8 software (Graph-
Pad Software, San Diego, CA, USA), SPSS 22 (IBM, Armonk, NY, USA), or R software (The
R Foundation, Vienna, Austria). p values of <0.05 were considered to be significant.

3. Results
3.1. Plasma Levels of 12 Common Inflammatory Cytokines in Patients with FM

To identify the cytokines associated with FM as diagnostic biomarkers, we firstly
detected circulating levels of 12 common inflammatory cytokines in 68 patients with FM
and 27 healthy controls using an ABplex human cytokine 12-Plex assay kit. The baseline
clinical characteristics are presented in Table 1. The results show that only five of the
twelve common cytokines were altered significantly (three increased and two decreased)
(Figure 1A–L).

Table 1. Baseline clinical characteristics of human cytokine 12-Plex assay detection cohort and human
cytokine arrays analysis validation cohort.

Human Cytokine 12-Plex Assay Detection Cohort Human Cytokine Arrays Analysis Validation Cohort

Control (n = 27) FM (n = 68) Control (n = 16) FM (n = 32)

Age (years) 36.2 ± 10.0 36.1 ± 13.5 33.2 ± 11.4 37.2 ± 14.7
Male/Female (n/n) 15/12 37/31 9/7 16/16

LVED (cm) 4.8 (4.6–5.0) 4.7 (4.4–5.3) 4.7 ± 0.7 4.8 ± 0.3
LVEF (%) 62.0 (59.0–66.0) 30.0 (22.0–41.0) * 62.4 ± 4.1 29.5 ± 13.1 *

NT-proBNP (pg/mL) <70.0 7745.0 (3168.0–18,374.0) * <70.0 7126.5 (3427.0–19,538.5) *
cTnI (pg/mL) <1.9 38,746.2 (16,446.1–50,000.0) * <1.9 50,000.0 (24,737.1–50,000.0) *

FM, fulminant myocarditis; LVED, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; NT-
proBNP, N-terminal pro-brain natriuretic peptide; cTnI, cardiac troponin I. Data are presented as mean ± standard
deviation (SD) if normally distributed, or medians and first to third quartile (Q1–Q3) if not normally distributed;
* p < 0.05 vs. control (Student’s t-tests and Mann–Whitney tests were used to calculate the significance).

https://www.sigmaaldrich.cn/CN/zh/product/sigma/rab0433
https://www.rndsystems.com/cn/products/human-cd163-quantikine-elisa-kit_dc1630
https://www.rndsystems.com/cn/products/human-cd163-quantikine-elisa-kit_dc1630
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Figure 1. Plasma levels and correlation analysis of 12 common inflammatory cytokines in patients 
with fulminant myocarditis (FM). The plasma levels of IL-2 (A), IL-4 (B), IL-5 (C), IL-6 (D), IL-8 (E), 
IL-10 (F), IL-1β (G), IL-12P70 (H), IL-17A (I), TNF-α (J), IFN-α (K), and IFN-γ (L) in patients with 
FM (n = 68) and healthy controls (n = 27) were detected using an ABplex human cytokine 12-Plex 
assay kit. Data are presented as medians and quartile 1 to quartile 3 [Q1–Q3], and a Mann–Whitney 
test was used to elevate the differences; * p < 0.05, ** p < 0.01, *** p < 0.001. Correlation analysis of 
plasma IL-2 (M), IL-5 (N), IL-6 (O), IL-8 (P), and IL-10 (Q) with ejection fraction values in 68 patients 
with FM. r indicates the correlation coefficient. 
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Then, we performed a correlation analysis to investigate whether these five common 
inflammatory cytokines were associated with the severity of FM. However, none of these 

Figure 1. Plasma levels and correlation analysis of 12 common inflammatory cytokines in patients
with fulminant myocarditis (FM). The plasma levels of IL-2 (A), IL-4 (B), IL-5 (C), IL-6 (D), IL-8 (E),
IL-10 (F), IL-1β (G), IL-12P70 (H), IL-17A (I), TNF-α (J), IFN-α (K), and IFN-γ (L) in patients with
FM (n = 68) and healthy controls (n = 27) were detected using an ABplex human cytokine 12-Plex
assay kit. Data are presented as medians and quartile 1 to quartile 3 [Q1–Q3], and a Mann–Whitney
test was used to elevate the differences; * p < 0.05, ** p < 0.01, *** p < 0.001. Correlation analysis of
plasma IL-2 (M), IL-5 (N), IL-6 (O), IL-8 (P), and IL-10 (Q) with ejection fraction values in 68 patients
with FM. r indicates the correlation coefficient.

Then, we performed a correlation analysis to investigate whether these five common
inflammatory cytokines were associated with the severity of FM. However, none of these
five cytokines showed correlation with the ejection fraction values (a vital indicator of
cardiac systolic function) of patients with FM (Figure 1M–Q).

These results suggest that these common inflammatory cytokines might not be appro-
priate candidates for diagnostic markers for FM.

3.2. Plasma Levels of Eight Cytokines Screened by Human Cytokine Arrays Analysis in Patients
with FM

To identify more sensitive and specific plasma inflammatory cytokines that are associ-
ated with the severity of FM as diagnostic biomarkers, we further analyzed and validated
the alterations of eight cytokines which derived from the human cytokine arrays analysis
in our previous study [12]. Here, 32 patients with FM and 16 controls were enrolled in
another independent cohort (Table 1). All patients were confirmed as lymphocytic my-
ocarditis using endomyocardial biopsy. We measured these eight cytokines levels in the
plasma using enzyme-linked immunosorbent assay (ELISA). We found that six of them
were significantly altered in the plasma of patients with FM at admission, while another
two cytokines showed the same trend as the array analysis (Figure 2A–H).

To explore whether there were associations between these six inflammatory cytokines
with ejection fraction values in patients with FM, we next performed a correlation analysis.
Results showed that the plasma concentration of sST2 was negatively correlated with
the ejection fraction values (Figure 2I), which was consistent with our previous study. In



Biomedicines 2022, 10, 2941 5 of 10

addition, we found that the plasma levels of Siglec-5 and CD163 were also negatively
correlated with the ejection fraction values (Figure 2J–K). In contrast, plasma levels of PAI-1,
VEGF-C, and CTLA4 were not correlated with the ejection fraction values (Figure 2L–N).
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Figure 2. Plasma levels and correlation analysis of eight cytokines screened using human cytokine
arrays analysis in patients with FM. Circulating concentrations of sST2 (A), PAI-1 (B), Siglec-5 (C),
CD163 (D), VEGF-C (E), CTLA-4 (F), IL-17B (G), and IL-4 (H) in FM patients (n = 32) and control
individuals (n = 16) were measured using ELISA. Data are presented as medians and quartile 1
to quartile 3 [Q1–Q3], and a Mann–Whitney test was used to elevate the differences; *** p < 0.001.
Correlation analysis of plasma sST2 (I), Siglec-5 (J), CD163 (K), PAI-1 (L), VEGF-C (M), and CTLA-4 (N)
with ejection fraction values in 32 patients with FM. r indicates the correlation coefficient.

Our previous study indicated that sST2 was closely associated with FM. However, the
cytokine storm occurring in FM is generally associated with the alterations of multiple cy-
tokines, which suggests that other cytokines except for sST2 may also play an indispensable
role in FM. Therefore, we further explored whether Siglec-5 and CD163 were also potential
diagnostic biomarkers for FM.

3.3. Correlation between Plasma Siglec-5 and CD163 Concentrations with Fulminant
Myocarditis-Related Clinical Parameters

To further investigate the association of Siglec-5 and CD163 with FM, we performed a
correlation analysis between plasma Siglec-5 and CD163 concentrations with fulminant
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myocarditis-related clinical parameters. We found that both plasma levels of Siglec-5 and
CD163 were positively correlated with plasma NT-proBNP level, but not correlated with
plasma cTnI level (Figure 3A–D).
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with N-terminal pro-B-type natriuretic peptide (NT-ProBNP) (A,B), cardiac troponin I (cTnI) (C,D),
and high- sensitivity C- reactive protein (hs-CRP) (E,F) in 32 patients with FM. r indicates the
correlation coefficient.

In addition, the plasma CD163 level was obviously positively correlated with the con-
centrations of high-sensitivity C-reactive protein (hs-CRP) (an indicator of inflammation),
suggesting that plasma CD163 might be associated with the systemic inflammatory re-
sponse of patients with FM (Figure 3F). However, we did not find any association between
the plasma level of Siglec-5 and the concentrations of hs-CRP (Figure 3E).

Collectively, these results indicate that the plasma levels of Siglec-5 and CD163 were
associated with NT-proBNP, suggesting that they might be used as clinical indicators for
the severity of FM.

3.4. Diagnostic Performance of Plasma Siglec-5 and CD163 Levels for the Detection of FM

To determine the diagnostic ability of plasma Siglec-5 and CD163 for FM, we per-
formed an ROC analysis. As shown in Figure 4A,B, the ROC curves analysis revealed
that plasma Siglec-5 and CD163 levels at admission could distinguish FM patients from
control individuals with a good diagnostic performance (area under the curve (AUC) of
0.90 (0.82–0.98) for Siglec-5; AUC of 0.94 (0.87–1.00) for CD163). The optimal cutoff value
of Siglec-5 for distinguishing FM patients from healthy individuals was determined to be
133.80 pg/mL, as well as 89.56 ng/mL for CD163, where the highest Youden index was
achieved with the maximal summation of sensitivity and specificity (Table 2). At these
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thresholds, both Siglec-5 and CD163 showed high sensitivity and specificity (the sensitivity
of 81.3% and specificity of 87.5% for Siglec-5; the sensitivity of 87.5% and specificity of
87.5% for CD163).
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Figure 4. Diagnostic performance evaluation of plasma Siglec-5 and CD163 for FM using the ROC
curve analysis. Receiver operating characteristic (ROC) curves of plasma Siglec-5 (A) and CD163 (B)
in 32 patients with FM and 16 control individuals. AUROC indicates the area under the receiver
operating characteristic.

Table 2. Diagnostic performance of Siglec-5 and CD163 to distinguish FM from control individuals.

AUC
(95% CI) Cut-Off Value Sensitivity (%) Specificity (%) Accuracy (%) PLR NLR PPV (%) NPV (%)

Siglec-5 0.90 (0.82–0.98) 133.80
pg/mL 81.3 87.5 83.3 6.504 0.214 92.9 70.0

CD163 0.94 (0.87–1.00) 89.56
ng/mL 87.5 87.5 87.5 7.000 0.143 93.3 77.8

AUC, area under the curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; PPV, positive predictive
value; NPV, negative predictive value.

These results indicate that the ability of plasma Siglec-5 and CD163 levels to distinguish
FM from control individuals was excellent.

4. Discussion

In this study, we identified plasma Siglec-5 and CD163 as novel valuable biomarkers of
fulminant myocarditis. We found novel correlations between plasma levels of Siglec-5 and
CD163 and the severity of FM, and the diagnostic ability of plasma Siglec-5 and CD163 to
discriminate patients with FM from control individuals was confirmed using ROC analysis.

In clinical settings, the diagnosis of FM remains a challenge because of the lack of
easily accessible diagnostic methods that are both sensitive and specific [13]. To identify
some sensitive plasma inflammatory cytokines that are associated with FM as diagnostic
biomarkers, we firstly detected 12 common inflammatory cytokines levels in the plasma of
68 patients with FM and 27 healthy controls. Only five common inflammatory cytokines
showed significant alteration in patients with FM, but none of them was correlated with
the ejection fraction values of FM patients. These results suggested that these common
cytokines were not appropriate candidates for diagnostic markers for FM.

Then, we further investigated the eight cytokines that we previously screened by
human cytokine arrays analysis, and found that six of them were significantly altered in the
plasma of patients with FM, among which sST2, Siglec-5, CD163 were negatively correlated
with the ejection fraction values. Considering that other cytokines except for sST2 might
also be important in the cytokine storm occurring in FM, we further explored the potential
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association of plasma Siglec-5 and CD163 levels with the severity of FM, and determined
the value of plasma Siglec-5 and CD163 as novel biomarkers for FM.

Our results revealed that both plasma levels of Siglec-5 and CD163 were positively
correlated with the plasma NT-proBNP level, a well-established indicator for cardiac
dysfunction. However, we found that there was no correlation between the plasma levels
of Siglec-5 and CD163 with the plasma cTnI level. The primary reason might be the
significantly increased cTnl concentrations above the upper detection limit that were
assigned a value of the upper detection limit (50,000 pg/mL). Interestingly, we found the
plasma CD163 level was obviously positively correlated with the plasma hs-CRP level, a
commonly used biomarker of systemic inflammation. Thus, the plasma CD163 level might
also be an indicator for the systemic inflammation caused by FM.

The Siglec family of proteins are sialic-acid-binding immunoglobulin-like lectins that
facilitate cell–cell interactions and adjust cellular activities in the innate and adaptive im-
mune systems by recognizing glycans [18,19]. The macrophage receptor sialoadhesin/Siglec-
1 was the first Siglec to be thoroughly described [20]. Siglec-5 is a member of the CD33-
related Siglec subfamily, expressed in monocytes, neutrophils, and macrophages. It has
four external Ig-like domains and two intracellular tyrosine-based signaling motifs [21,22].
There have been numerous reports of the alteration of soluble Siglec-5 during diseases,
including patients with primary Sjogren’s syndrome (pSS) having higher levels of Siglec-5
in their saliva than controls, and type 2 diabetes mellitus (T2DM) patients with critical limb
ischemia (CLI) having significantly higher plasma levels of Siglec-5 than those without
CLI [23,24]. Since Siglec-5 is predominantly expressed on the surface of immune cells,
elevated Siglec-5 in these diseases may indicate the alteration of the immune cells ratio and
the dysregulation of the immune system, which is similar to FM [11].

CD163 is a 130-kDa transmembrane protein that is a member of the cysteine-rich scav-
enger receptor superfamily type B, which was originally described as a scavenger receptor
for hemoglobin–haptoglobin complexes. It is primarily expressed in M2c macrophages
that infiltrate into tissues during the “healing phase” of inflammation [25,26]. Many in-
flammatory disorders were associated with the elevated plasma levels of CD163, such as
hemophagocytosis and the associated macrophage activation syndrome [27–29]. The sys-
temic inflammatory response syndrome caused by these disorders usually poses aberrant
lymphohistiocytic activation with a complicated and mostly unidentified origin [30]. Our
array also indicated an inflammatory cytokine storm at the onset of FM [12]. Therefore,
the increased plasma levels of CD163 in patients with FM might be correlated with the
imbalance of the immune system and the disturbance of systemic inflammatory responses
in FM patients.

This study had some limitations. To our knowledge, this study provides the first
evidence that plasma Siglec-5 and CD163 are associated with the severity of FM and could
be novel biomarkers for FM in the acute phase. Multiple center prospective trials are
needed to validate these biomarkers. Moreover, the role of Siglec-5 and CD163 in the
pathophysiological mechanism of FM remains to be addressed in future studies.

Taken together, plasma Siglec-5 and CD163 could be sensitive and specific inflammation-
associated biomarkers for FM, which might provide relatively fast and accessible diagnosis
for FM.

Author Contributions: Y.Z. conducted the experiments, analyzed and interpreted the data, and
drafted the article. J.W., H.L. and Y.C. contributed to data acquisition. C.C. and D.W.W. designed
the study and drafted the article. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by grants from the National Natural Science Foundation of
China (91839302 and 81790624 to D.W.W., 82270363 to C.C.); the Natural Science Foundation of
Hubei Province (2020CFA016 to C.C.); and the Tongji Hospital Clinical Research Flagship Program
(2019CR207 to D.W.W.). No funding bodies had any role in the study design, data collection and
analysis, decision to publish, or preparation of the article.



Biomedicines 2022, 10, 2941 9 of 10

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Tongji Hospital and Tongji Medical
College (ID: TJC20160202).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors declare that all data supporting the findings of this study
are contained within the article file.

Acknowledgments: We thank our colleagues from the Division of Cardiology, Tongji Hospital, for
technical assistance and stimulating discussions during this investigation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cooper, L.T., Jr. Myocarditis. N. Engl. J. Med. 2009, 360, 1526–1538. [CrossRef] [PubMed]
2. Pollack, A.; Kontorovich, A.R.; Fuster, V.; Dec, G.W. Viral myocarditis–diagnosis, treatment options, and current controversies.

Nat. Rev. Cardiol. 2015, 12, 670–680. [CrossRef] [PubMed]
3. Fung, G.; Luo, H.; Qiu, Y.; Yang, D.; McManus, B. Myocarditis. Circ. Res. 2016, 118, 496–514. [CrossRef] [PubMed]
4. Wang, D.; Li, S.; Jiang, J.; Yan, J.; Zhao, C.; Wang, Y.; Ma, Y.; Zeng, H.; Guo, X.; Wang, H.; et al. Chinese society of cardiology

expert consensus statement on the diagnosis and treatment of adult fulminant myocarditis. Sci. China Life Sci. 2019, 62, 187–202.
[CrossRef]

5. Gupta, S.; Markham, D.W.; Drazner, M.H.; Mammen, P.P. Fulminant myocarditis. Nat. Clin. Pract. Cardiovasc. Med. 2008,
5, 693–706. [CrossRef] [PubMed]

6. Ginsberg, F.; Parrillo, J.E. Fulminant myocarditis. Crit. Care Clin. 2013, 29, 465–483. [CrossRef]
7. Kociol, R.D.; Cooper, L.T.; Fang, J.C.; Moslehi, J.J.; Pang, P.S.; Sabe, M.A.; Shah, R.V.; Sims, D.B.; Thiene, G.; Vardeny, O.; et al.

Recognition and Initial Management of Fulminant Myocarditis: A Scientific Statement From the American Heart Association.
Circulation 2020, 141, e69–e92. [CrossRef]

8. Heymans, S.; Eriksson, U.; Lehtonen, J.; Cooper, L.T., Jr. The Quest for New Approaches in Myocarditis and Inflammatory
Cardiomyopathy. J. Am. Coll. Cardiol. 2016, 68, 2348–2364. [CrossRef]

9. Trachtenberg, B.H.; Hare, J.M. Inflammatory Cardiomyopathic Syndromes. Circ. Res. 2017, 121, 803–818. [CrossRef]
10. Gannon, M.P.; Schaub, E.; Grines, C.L.; Saba, S.G. State of the art: Evaluation and prognostication of myocarditis using cardiac

MRI. J. Magn. Reson. Imaging 2019, 49, e122–e131. [CrossRef]
11. Hang, W.; Chen, C.; Seubert, J.M.; Wang, D.W. Fulminant myocarditis: A comprehensive review from etiology to treatments and

outcomes. Signal Transduct. Target. Ther. 2020, 5, 287. [CrossRef] [PubMed]
12. Wang, J.; He, M.; Li, H.; Chen, Y.; Nie, X.; Cai, Y.; Xie, R.; Li, L.; Chen, P.; Sun, Y.; et al. Soluble ST2 Is a Sensitive and Specific

Biomarker for Fulminant Myocarditis. J. Am. Heart Assoc. 2022, 11, e024417. [CrossRef] [PubMed]
13. Caforio, A.L.; Pankuweit, S.; Arbustini, E.; Basso, C.; Gimeno-Blanes, J.; Felix, S.B.; Fu, M.; Helio, T.; Heymans, S.; Jahns, R.;

et al. Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis: A position statement of
the European Society of Cardiology Working Group on Myocardial and Pericardial Diseases. Eur. Heart J. 2013, 34, 2636–2648.
[CrossRef] [PubMed]

14. Li, S.; Xu, S.; Li, C.; Ran, X.; Cui, G.; He, M.; Miao, K.; Zhao, C.; Yan, J.; Hui, R.; et al. A life support-based comprehensive
treatment regimen dramatically lowers the in-hospital mortality of patients with fulminant myocarditis: A multiple center study.
Sci. China Life Sci. 2019, 62, 369–380. [CrossRef] [PubMed]

15. Friedrich, M.G.; Sechtem, U.; Schulz-Menger, J.; Holmvang, G.; Alakija, P.; Cooper, L.T.; White, J.A.; Abdel-Aty, H.; Gutberlet, M.;
Prasad, S.; et al. Cardiovascular magnetic resonance in myocarditis: A JACC White Paper. J. Am. Coll. Cardiol. 2009, 53, 1475–1487.
[CrossRef]

16. Schouten, H.J.; Koek, H.L.; Oudega, R.; Geersing, G.J.; Janssen, K.J.; van Delden, J.J.; Moons, K.G. Validation of two age dependent
D-dimer cut-off values for exclusion of deep vein thrombosis in suspected elderly patients in primary care: Retrospective, cross
sectional, diagnostic analysis. BMJ 2012, 344, e2985. [CrossRef]

17. Wang, Y.; Tan, X.; Gao, H.; Yuan, H.; Hu, R.; Jia, L.; Zhu, J.; Sun, L.; Zhang, H.; Huang, L.; et al. Magnitude of soluble ST2 as a
novel biomarker for acute aortic dissection. Circulation. 2018, 137, 259–269. [CrossRef]

18. Crocker, P.R.; Varki, A. Siglecs, sialic acids and innate immunity. Trends Immunol. 2001, 22, 337–342. [CrossRef]
19. Crocker, P.R.; Paulson, J.C.; Varki, A. Siglecs and their roles in the immune system. Nat. Rev. Immunol. 2007, 7, 255–266. [CrossRef]
20. Hartnell, A.; Steel, J.; Turley, H.; Jones, M.; Jackson, D.G.; Crocker, P.R. Characterization of human sialoadhesin, a sialic acid

binding receptor expressed by resident and inflammatory macrophage populations. Blood 2001, 97, 288–296. [CrossRef]
21. Freeman, S.; Birrell, H.C.; D’Alessio, K.; Erickson-Miller, C.; Kikly, K.; Camilleri, P. A comparative study of the asparagine-linked

oligosaccharides on siglec-5, siglec-7 and siglec-8, expressed in a CHO cell line, and their contribution to ligand recognition.
Eur. J. Biochem. 2001, 268, 1228–1237. [CrossRef] [PubMed]

22. Lock, K.; Zhang, J.; Lu, J.; Lee, S.H.; Crocker, P.R. Expression of CD33-related siglecs on human mononuclear phagocytes,
monocyte-derived dendritic cells and plasmacytoid dendritic cells. Immunobiology 2004, 209, 199–207. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMra0800028
http://www.ncbi.nlm.nih.gov/pubmed/19357408
http://doi.org/10.1038/nrcardio.2015.108
http://www.ncbi.nlm.nih.gov/pubmed/26194549
http://doi.org/10.1161/CIRCRESAHA.115.306573
http://www.ncbi.nlm.nih.gov/pubmed/26846643
http://doi.org/10.1007/s11427-018-9385-3
http://doi.org/10.1038/ncpcardio1331
http://www.ncbi.nlm.nih.gov/pubmed/18797433
http://doi.org/10.1016/j.ccc.2013.03.004
http://doi.org/10.1161/CIR.0000000000000745
http://doi.org/10.1016/j.jacc.2016.09.937
http://doi.org/10.1161/CIRCRESAHA.117.310221
http://doi.org/10.1002/jmri.26611
http://doi.org/10.1038/s41392-020-00360-y
http://www.ncbi.nlm.nih.gov/pubmed/33303763
http://doi.org/10.1161/JAHA.121.024417
http://www.ncbi.nlm.nih.gov/pubmed/35377184
http://doi.org/10.1093/eurheartj/eht210
http://www.ncbi.nlm.nih.gov/pubmed/23824828
http://doi.org/10.1007/s11427-018-9501-9
http://www.ncbi.nlm.nih.gov/pubmed/30850929
http://doi.org/10.1016/j.jacc.2009.02.007
http://doi.org/10.1136/bmj.e2985
http://doi.org/10.1161/CIRCULATIONAHA.117.030469
http://doi.org/10.1016/S1471-4906(01)01930-5
http://doi.org/10.1038/nri2056
http://doi.org/10.1182/blood.V97.1.288
http://doi.org/10.1046/j.1432-1327.2001.01985.x
http://www.ncbi.nlm.nih.gov/pubmed/11231274
http://doi.org/10.1016/j.imbio.2004.04.007
http://www.ncbi.nlm.nih.gov/pubmed/15481154


Biomedicines 2022, 10, 2941 10 of 10

23. Lee, J.; Lee, J.; Baek, S.; Koh, J.H.; Kim, J.W.; Kim, S.Y.; Chung, S.H.; Choi, S.S.; Cho, M.L.; Kwok, S.K.; et al. Soluble siglec-5 is a
novel salivary biomarker for primary Sjogren’s syndrome. J. Autoimmun. 2019, 100, 114–119. [CrossRef] [PubMed]

24. Li, J.Y.; Yang, X.Y.; Wang, X.F.; Jia, X.; Wang, Z.J.; Deng, A.P.; Bai, X.L.; Zhu, L.; Li, B.H.; Feng, Z.B.; et al. Siglec-5 is a novel marker
of critical limb ischemia in patients with diabetes. Sci. Rep. 2017, 7, 11272. [CrossRef] [PubMed]

25. Kristiansen, M.; Graversen, J.H.; Jacobsen, C.; Sonne, O.; Hoffman, H.J.; Law, S.K.; Moestrup, S.K. Identification of the haemoglobin
scavenger receptor. Nature 2001, 409, 198–201. [CrossRef]

26. Murray, P.J. Macrophage Polarization. Annu. Rev. Physiol. 2017, 79, 541–566. [CrossRef]
27. Moller, H.J. Soluble CD163. Scand. J. Clin. Lab. Invest. 2012, 72, 1–13. [CrossRef]
28. Schaer, D.J.; Schleiffenbaum, B.; Kurrer, M.; Imhof, A.; Bachli, E.; Fehr, J.; Moller, H.J.; Moestrup, S.K.; Schaffner, A. Soluble

hemoglobin-haptoglobin scavenger receptor CD163 as a lineage-specific marker in the reactive hemophagocytic syndrome. Eur. J.
Haematol. 2005, 74, 6–10. [CrossRef]

29. Bleesing, J.; Prada, A.; Siegel, D.M.; Villanueva, J.; Olson, J.; Ilowite, N.T.; Brunner, H.I.; Griffin, T.; Graham, T.B.; Sherry, D.D.;
et al. The diagnostic significance of soluble CD163 and soluble interleukin-2 receptor alpha-chain in macrophage activation
syndrome and untreated new-onset systemic juvenile idiopathic arthritis. Arthritis Rheum. 2007, 56, 965–971. [CrossRef]

30. Etzerodt, A.; Moestrup, S.K. CD163 and inflammation: Biological, diagnostic, and therapeutic aspects. Antioxid. Redox. Signal
2013, 18, 2352–2363. [CrossRef]

http://doi.org/10.1016/j.jaut.2019.03.008
http://www.ncbi.nlm.nih.gov/pubmed/30922727
http://doi.org/10.1038/s41598-017-11820-x
http://www.ncbi.nlm.nih.gov/pubmed/28900239
http://doi.org/10.1038/35051594
http://doi.org/10.1146/annurev-physiol-022516-034339
http://doi.org/10.3109/00365513.2011.626868
http://doi.org/10.1111/j.1600-0609.2004.00318.x
http://doi.org/10.1002/art.22416
http://doi.org/10.1089/ars.2012.4834

	Introduction 
	Methods 
	Study Population 
	Human Plasma of 12 Inflammatory Cytokines Assay 
	Enzyme-Linked Immunosorbent Assay 
	Statistical Analysis 

	Results 
	Plasma Levels of 12 Common Inflammatory Cytokines in Patients with FM 
	Plasma Levels of Eight Cytokines Screened by Human Cytokine Arrays Analysis in Patients with FM 
	Correlation between Plasma Siglec-5 and CD163 Concentrations with Fulminant Myocarditis-Related Clinical Parameters 
	Diagnostic Performance of Plasma Siglec-5 and CD163 Levels for the Detection of FM 

	Discussion 
	References

