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Background: Every year, over 13.7 million individuals experience
strokes, resulting in approximately 5.8 million deaths. C-type
lectin-like receptor 2 (CLEC-2) plays a significant role in platelet
activation, which is elevated in ischemic stroke and is associated
with disease progression and prognosis. Objective: To review the
literature on the potential of CLEC-2 as a biomarker for assessing
the prognosis and progression of ischemic stroke. Material and
Method: This rapid review followed the Cochrane interim
guidelines and adhered to PRISMA standards. A comprehensive
search was conducted in PubMed, Cochrane Library, and Google
Scholar to identify original research articles published in English
over the past 10 years. Studies at various stages—including in
vitro, in vivo, and clinical trials—were included if they evaluated
the association between CLEC-2 and acute ischemic stroke. Risk
of bias was assessed using the QUIPS tool for clinical studies and
SYRCLE’s tool for animal studies. Study selection and data
extraction were performed independently by three reviewers.
Result: The search identified five relevant articles: two
experimental studies and three clinical prognostic studies
examining CLEC-2 in the context of ischemic stroke. CLEC-2, a
receptor for podoplanin expressed in various tumors and lymphatic
endothelial cells, induces a calcium surge independent of
secondary platelet activation. In vivo studies have demonstrated
increased levels of CLEC-2 and podoplanin, which are highly
expressed on neurons and microglia in ischemic brain regions. The
three clinical studies showed that plasma CLEC-2 levels have
prognostic value in predicting recurrent vascular events and
mortality in patients with acute ischemic stroke. Conclusion:
Plasma CLEC-2 shows potential as a biomarker for evaluating the
progression and prognosis of acute ischemic stroke.
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Highlights
1. The potential of CLEC-2 as a prognostic biomarker for ischemic stroke is supported by in vivo
and clinical studies demonstrating its role in thrombo-inflammatory mechanisms and clinical
outcome prediction.
2. Analysis of clinical studies indicates that elevated plasma CLEC-2 levels are associated with
an increased risk of recurrent vascular events and mortality in acute ischemic stroke, suggesting
its promise as a noninvasive tool for stroke prognosis assessment.

BACKGROUND

Stroke is a neurovascular condition that disrupts the brain’s blood supply, leading to the death of brain
cells. In 2012, the World Health Organization (WHO) reported that 6.7 million individuals died from
stroke. Indonesia also experienced a comparable situation (World Health Organization, 2014).
According to the 2013 Indonesia National Basic Health Research, stroke accounted for 12.1% of all
noncommunicable diseases in the country (Indonesia Basic Health Research Team, 2013). Additionally,
the 2014 Indonesian Sample Registration System (SRS) identified stroke as the leading cause of death,
responsible for 21.1% of all fatalities across age groups (Ministry of Health of The Republic of
Indonesia, 2017). Ischemic stroke is the most prevalent type, comprising approximately 87% of all
stroke cases globally (Saini, et al., 2021). It occurs when a blood clot obstructs cerebral circulation,
depriving the brain of oxygen and essential nutrients (Sierra, et al., 2011).

Currently, the evaluation of acute ischemic stroke progression and prognosis primarily depends on
patient age and stroke severity. Stroke severity is typically assessed by neuroimaging techniques such
as MRI and CT scans, which evaluate the size and location of the infarct, along with the degree of
neurological impairment affecting cognitive function, language, behavior, vision, and motor skills
(Kuriakose & Xiao, 2020). However, the pathophysiological mechanisms underlying ischemic stroke
are still not fully understood (Zhang, et al., 2019). Recent evidence indicates that platelets play a critical
role in the development of ischemic stroke, likely by initiating a complex thrombo-inflammatory
response (De Meyer, et al., 2016).

C-type lectin-like receptor 2 (CLEC-2) is a type II transmembrane protein structurally related to other
C-type lectin-like receptors (CLECs) found on natural killer (NK) cells, and is predominantly expressed
by dendritic cells and platelets. In dendritic cells, CLEC-2 facilitates the migration of activated cells
and reduces the contractility of fibroblastic reticular cells within lymph nodes. In the vasculature,
CLEC-2 interacts with the tyrosine kinases Src and Syk, ultimately triggering platelet aggregation (Fu
& Xia, 2016). CLECs, which are highly expressed on platelets, play a major role in platelet aggregation,
lymphatic vessel formation, and in pathological processes such as tumor metastasis (Chatterjee, et al.,
2020). Notably, (Roever, et al., 2019) suggested that changes in plasma CLEC-2 levels could serve as
indicators for disease progression and prognosis in acute ischemic stroke (Roever, et al., 2019). While
these insights are promising and open new avenues for exploration, no comprehensive analysis has yet
been conducted on the specific role of CLEC-2 in ischemic stroke.

OBJECTIVE

This study aimed to explore the role of CLEC-2 in the process of thrombosis and the progression of
ischemic stroke. The analysis encompassed multiple levels of investigation, including biomolecular
mechanisms, in vivo experiments in animal models, and clinical studies involving patients with
ischemic stroke, with a focus on the association between CLEC-2 and clinical outcomes.

MATERIAL AND METHOD

This review was conducted in accordance with the Cochrane interim guidelines for rapid reviews
(Garritty, et al., 2021).
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Eligibility Criteria

The primary objective of the literature search was to identify publications addressing the role of
CLEC-2 in thrombosis associated with ischemic stroke. To ensure comprehensive coverage, inclusion
criteria were defined to encompass original research articles investigating acute ischemic stroke in
relation to CLEC-2. Studies at all research stages, including in vitro, in vivo, and clinical trials were
eligible for inclusion. Studies that focused solely on CLEC-2 in blood coagulation or as a prognostic
factor in diseases other than ischemic stroke were excluded. Additionally, review articles and other
study types deemed unsuitable for systematic analysis were excluded. Only full-text articles published
in English were included, with no restrictions on publication year, given that CLEC-2 has been a subject
of interest primarily within the past decade.

Literature Search and Study Selection

A systematic literature search was performed using PubMed and the Cochrane Library databases to
identify studies related to CLEC-2 and ischemic stroke (acute or transient). These databases were
screened independently according to the defined eligibility criteria, and duplicate records were
removed. To capture relevant gray literature not indexed in the primary databases, an additional search
was conducted using Google Scholar.

Three independent reviewers assessed the eligibility of each study without knowledge of the others’
evaluations. Any disagreements were resolved through discussion and consensus. The search strategy
followed the PICO (Patients, Intervention, Comparison, Outcomes) framework. A rapid literature
search, as described by Smela, et al., (2023), was conducted independently by two authors (RF and
MID) between October and December 2023. Articles published in the last 10 years and written in
English were included.

The study selection process followed PRISMA guidelines Page, et al., (2021) and is illustrated in
Figure 1. For clinical prognostic studies, the risk of bias was assessed using the QUIPS tool (Hayden,
et al., 2013), while animal studies were assessed using SYRCLE’s risk of bias tool (Hooijmans, et al.,
2014).

RESULT

A total of five articles were identified that discussed the role of CLEC-2 in the context of ischemic
stroke. Two of these were experimental trials (Cherpokova, et al., 2015; Meng, et al., 2021), while the
remaining three were clinical prognostic studies (Nishigaki, et al., 2021; Wu, et al., 2019; Zhang, et al.,
2019). To the best of our knowledge, there is currently no established cutoff value for plasma CLEC-2
(p-CLEC-2) levels. Consequently, the study by Nishigaki, et al., (2021) was included in our analysis.
The characteristics of all included clinical studies are summarized in Table 1.

Table 1. Characteristics of the included prognostic studies.

. . Sensitivity
. No Subjects Duration
Study Design Subject  Characteristics  of Study PCLEC-2 cutoff & .
Specificity
Wu, et al., (2019) Prospective 352 First-Ever Acute 12 184,38 pg/mL 543% &
Cohort Ischemic Stroke ~ months 64.3%
doi: 10.1111/ene.13984 Study confirmed by
CT-Scan/MRI
Zhang, et al., (2019) Prospective 352 First-Ever Acute 8 months 207.08 pg/mL 48.5% &
Cohort Ischemic Stroke 71.7%
doi: Study onset within 7
10.1161/STROKEAHA. days confirmed
118.022563 by CT-
Scan/MRI
Nishigaki, et al., (2021) Cross- 77 Acute cerebral 8 months Not mentioned Not
sectional infarction explicitly mentioned.
doi: Study (Median 256
10.3390/jcm10153408 pg/mL, lowest level

182 pg/mL, highest
level 340 pg/mL)
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Figure 1. ScR PRISMA flowchart (Page, et al., 2021).
DISCUSSION

Ischemic strokes can be classified as either embolic or thrombotic. In embolic strokes, blood clots that
originate in other organs, most commonly the heart, can travel to the brain. These clots obstruct cerebral
blood vessels, cutting off blood flow and causing ischemic injury (Kuriakose & Xiao, 2020; Sierra, et
al., 2011). Evidence indicates that platelets play a crucial role in the development of ischemic stroke by
mediating a complex thrombo-inflammatory process. During this process, platelets interact with the
contact activation system, which may ultimately result in neurological injury and disruption of the blood
brain barrier. Although the precise mechanisms by which platelets contribute to infarct formation
remain unclear, glycoprotein VI (GPVI) a platelet-activating receptor that signals through an
immunoreceptor tyrosine-based activation motif (ITAM)-dependent pathway appears to be essential in
infarct development (Chatterjee, et al., 2020).
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Biomolecular mechanism

CLEC-2 (C-type lectin-like receptor 2), a receptor for podoplanin, is expressed by lymphatic
endothelial cells and various tumor types. In humans, CLEC-2 is predominantly expressed in platelets
and megakaryocytes, with minimal expression in Kupffer cells (Meng, et al., 2021). The thrombo-
inflammatory mechanisms triggered by stroke are still not fully understood. However, the specific role
of the podoplanin/CLEC-2 signaling pathway in neuroinflammation has been demonstrated in multiple
sclerosis patients, who show podoplanin overexpression (Suzuki-Inoue, et al., 2018).

Uncontrolled inflammation following brain injury can lead to secondary damage and neuronal
apoptosis (McKee & Lukens, 2016). Mechanistically, podoplanin promotes neuronal re-entry into the
cell cycle by altering cyclin D1 and cyclin-dependent kinase 4 (CDK4) expression, ultimately triggering
neuroinflammation and cell death. CLEC-2 expression on platelets is regulated by Src-like adaptor
proteins (SLAP and SLAP2), which are downregulated following cerebral ischemia, contributing to
worsened neurological outcomes after focal brain injury (Martyanov, et al., 2020; Meng, et al., 2021).

Martyanov, et al., (2020) also showed that CLEC-2 clustering upon ligand binding is essential for its
platelet-activating function. CLEC-2 ligands can induce cytosolic calcium elevation independent of
secondary platelet activation. Alongside tyrosine kinase activity, Syk kinase plays a key role in CLEC-
2 signaling. Furthermore, CLEC-2 clustering and the formation of a linker for activation of T cells
(LAT) signaling hub are pivotal limiting factors for downstream signaling (Fu & Xia, 2016; Martyanov,
et al., 2020).

In Vivo Study

Animal models of ischemic stroke demonstrated increased levels of CLEC-2 and podoplanin in
ischemia/reperfusion brain regions, with expression localized to neurons and microglia. (Meng, et al.,
2021) reported that antipodoplanin treatment significantly reduced infarct volume and levels of CLEC-
2/podoplanin, thereby improving neurological outcomes post-stroke. Their findings also showed that
mice deficient in SLAP and SLAP2 negative regulators of platelet activation exhibited enhanced CLEC-
2-mediated signaling, platelet hyperactivity, and exacerbated thrombo-inflammatory injury
(Cherpokova, et al., 2015). Additionally, CLEC-2-deficient mice were found to have prolonged
bleeding times under non-stroke conditions (Bender, et al., 2013).

Clinical Study

Clinical evidence supports the prognostic value of plasma CLEC-2 (pCLEC-2) in predicting vascular
event recurrence and mortality in patients with acute ischemic stroke. CLEC-2 has been detected in
atherosclerotic lesions, particularly in advanced stages, emphasizing its contribution to disease
progression (Hatakeyama, et al., 2012; Inoue, et al., 2015; Wu, et al., 2019). Wu, et al., (2019)
demonstrated that elevated pCLEC-2 levels at hospital admission were associated with increased risks
of death and recurrent vascular events.

Zhang, et al., (2019) further reported that higher pCLEC-2 levels were associated with aggravated
stroke progression and poorer 90-day prognosis. Nishigaki, et al., (2021) observed that patients with
acute cerebral infarction (ACI) especially those with atherosclerotic or lacunar subtypes had
significantly elevated soluble CLEC-2 (sCLEC-2) levels. The sCLEC-2/D-dimer ratio showed
diagnostic utility in distinguishing between atherosclerotic/lacunar ACI and cardioembolic ACI, as well
as between venous thrombosis (e.g., cardioembolic ACI, venous thromboembolism) and atherosclerotic
thrombosis (e.g., lacunar ACI, atherosclerotic ACI, acute myocardial infarction). Notably, this ratio
may also serve as a useful biomarker in patients with COVID-19 (Wada, et al., 2022).

Future prospects of CLEC-2

CLEC-2 has been identified as a potential biomarker in several thrombotic disorders, including acute
coronary syndrome (Inoue, et al., 2019), venous thromboembolism (Ando, et al., 2023), and
disseminated intravascular coagulation (Ishikura, et al., 2022). This review has highlighted the potential
of CLEC-2 in predicting the development and prognosis of ischemic stroke. Building on this evidence,
Uchiyama, et al., (2023) have introduced the CLECSTRO study a multicenter, ongoing cohort study
designed to evaluate the role of CLEC-2 in predicting clinical outcomes and disease severity in patients
with ischemic stroke and transient ischemic attack (TIA) (Uchiyama, et al., 2023). The findings from
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this prospective study are expected to provide further insights into the clinical utility of CLEC-2 and
expand our understanding of its role in cerebrovascular disorders.
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Figure 2. Mechanism of CLEC-2 in platelet aggregation and its role in ischemic stroke (Meng, et al.,
2021; Sung, et al., 2023; Suzuki-Inoue, 2019; Yeung, et al., 2018).

Legends: Btk: Bruton’s tyrosine kinase; CLEC-2: C-type lectin-like receptor 2; DG: diacyl-glycerol; IP3: inositol 1 4 5-
trisphosphate; LAT: linker for the activation of T cells; PIP2: phosphatidylinositol 4,5-bisphosphate; PLCy2: phospholipase
Cy2; Syk: spleen tyrosine kinase; SLP-76: SH2 domain-containing leukocyte phosphoprotein of 76 kDa. Rhodocytin and
SARS-CoV-2 acts as an external ligand for CLEC-2.

Strength and limitations

This review was conducted in accordance with Cochrane’s interim guidelines for rapid reviews,
ensuring a systematic and comprehensive selection of current literature on CLEC-2 in ischemic stroke.
A key strength of this review is the inclusion of both clinical and in vivo studies, allowing for a broader
analysis from molecular mechanisms to potential clinical applications. However, the review is limited
by the relatively small number of eligible studies, differences in study designs, and the lack of
standardized cutoff values for CLEC-2 across studies. These factors may affect the comparability and
generalizability of the findings. Future large-scale, multicenter clinical trials are warranted to validate
the prognostic utility of CLEC-2 and determine its feasibility for routine use in clinical practice.

CONCLUSION

Plasma CLEC-2 level is a promising novel biomarker for the prognostic assessment of acute ischemic
stroke, complementing traditional factors such as patient age and stroke severity. When combined with
radiologic imaging, plasma CLEC-2 measurement may enhance the accuracy of predicting clinical
outcomes. However, before CLEC-2 can be integrated into routine clinical practice, further prognostic
studies with larger, well-defined patient cohorts are needed. Additionally, cost-effectiveness analyses
should be conducted, particularly in settings like Indonesia where national health coverage is
implemented, to ensure the feasibility of its widespread use.

Journal homepage: https://e-journal. unair.ac.id/MBIO/



MBIOMI | Vol. 35 No. 2 July 2025 163

Acknowledgment

We would like to express our sincere gratitude to all the teachers and teaching staff from the Department
of Biochemistry, Physiology, and Neurology, Faculty of Medicine, Universitas Indonesia, for providing
the foundational knowledge that enabled the authors to understand the essential concepts underlying
this literature review.

Conflict of Interest
All the authors have no conflicts of interest.

Funding Disclosure
None.

Author Contribution

RF and MID were equally involved from conception of study design, data analysis to writing and
revision of the manuscript. MZB contributed to the process of data analysis and interpretation, as well
as writing and revision of the manuscript until final. NGK played a role in providing input related to
study design, supervision of data results and final approval of the manuscript.

Data Availability
None.

REFERENCES

Ando, K., Natsumeda, M., Kawamura, M., Shirakawa, K., Okada, M., Tsukamoto, Y., Eda, T.,
Watanabe, J., Saito, S., Takahashi, H., Kakita, A., Oishi, M., Fujii, Y. 2023. Elevated ratio of C-type
lectin-like receptor 2 level and platelet count (C2PAC) aids in the diagnosis of post-operative venous
thromboembolism in IDH-wildtype gliomas. Thrombosis Research, 223: 36-43. doi:
10.1016/j.thromres.2023.01.018.

Bender, M., May, F., Lorenz, V., Thielmann, 1., Hagedorn, 1., Finney, B. A., Vogtle, T., Remer, K.,
Braun, A., Bosl, M., Watson, S. P., Nieswandt, B. 2013. Combined in vivo depletion of glycoprotein
VI and C-type lectin-like receptor 2 severely compromises hemostasis and abrogates arterial
thrombosis in mice. Arteriosclerosis, Thrombosis, and Vascular Biology, 33(5): 926-934. doi:
10.1161/ATVBAHA.112.300672.

Chatterjee, M., Ehrenberg, A., Toska, L. M., Metz, L. M., Klier, M., Krueger, 1., Reusswig, F., Elvers,
M. 2020. Molecular drivers of platelet activation: Unraveling novel targets for anti-thrombotic and
anti-thrombo-inflammatory therapy. International Journal of Molecular Sciences, 21(21): 7906. doi:
10.3390/ijms21217906.

Cherpokova, D., Bender, M., Morowski, M., Kraft, P., Schuhmann, M. K., Akbar, S. M., Sultan, C. S.,
Hughes, C. E., Kleinschnitz, C., Stoll, G., Dragone, L. L., Watson, S. P., Tomlinson, M. G.,
Nieswandt, B. 2015. SLAP/SLAP2 prevent excessive platelet (hem)ITAM signaling in thrombosis
and ischemic stroke in mice. Blood, 125(1): 185-194. doi: 10.1182/blood-2014-06-580597.

De Meyer, S. F., Denorme, F., Langhauser, F., Geuss, E., Fluri, F., Kleinschnitz, C. 2016.
Thromboinflammation in stroke brain damage. Stroke, 47(4): 1165-1172. doi:
10.1161/STROKEAHA.115.011238.

Fu, J., Xia, L. 2016. CLEC-2 and podoplanin, partners again. Blood, 127(13): 1629-1630. doi:
10.1182/blood-2016-02-695445.

Garritty, C., Gartlehner, G., Nussbaumer-Streit, B., King, V. J., Hamel, C., Kamel, C., Affengruber, L.,
Stevens, A. 2021. Cochrane rapid reviews methods group offers evidence-informed guidance to
conduct rapid reviews. Journal of Clinical Epidemiology, 130: 13-22. doi:
10.1016/j.jclinepi.2020.10.007.

Hatakeyama, K., Kaneko, M. K., Kato, Y., Ishikawa, T., Nishihira, K., Tsujimoto, Y., Shibata, Y.,
Ozaki, Y., Asada, Y. 2012. Podoplanin expression in advanced atherosclerotic lesions of human
aortas. Thrombosis Research, 129(4): €70—e76. doi: 10.1016/j.thromres.2012.01.003.

Hayden, J. A., van der Windt, D. A., Cartwright, J. L., Coté, P., Bombardier, C. 2013. Assessing bias
in studies of prognostic factors. Annals of Internal Medicine, 158(4): 280-286. doi: 10.7326/0003-
4819-158-4-201302190-00009.

Journal homepage: https://e-journal.unair.ac.id/MBIO/


https://linkinghub.elsevier.com/retrieve/pii/S004938482300018X
https://linkinghub.elsevier.com/retrieve/pii/S004938482300018X
https://www.ahajournals.org/doi/10.1161/ATVBAHA.112.300672
https://www.ahajournals.org/doi/10.1161/ATVBAHA.112.300672
https://www.mdpi.com/1422-0067/21/21/7906
https://www.mdpi.com/1422-0067/21/21/7906
https://ashpublications.org/blood/article/125/1/185/33898/SLAPSLAP2-prevent-excessive-platelet-hemITAM
https://www.ahajournals.org/doi/10.1161/STROKEAHA.115.011238
https://www.ahajournals.org/doi/10.1161/STROKEAHA.115.011238
https://ashpublications.org/blood/article/127/13/1629/34767/CLEC2-and-podoplanin-partners-again
https://ashpublications.org/blood/article/127/13/1629/34767/CLEC2-and-podoplanin-partners-again
https://linkinghub.elsevier.com/retrieve/pii/S089543562031146X
https://linkinghub.elsevier.com/retrieve/pii/S089543562031146X
https://linkinghub.elsevier.com/retrieve/pii/S0049384812000072
https://www.acpjournals.org/doi/10.7326/0003-4819-158-4-201302190-00009
https://www.acpjournals.org/doi/10.7326/0003-4819-158-4-201302190-00009

164 Farandy et al.: Molecular and Clinical Perspectives on CLEC-2 in Stroke Prognosis

Hooijmans, C. R., Rovers, M. M., de Vries, R. B, Leenaars, M., Ritskes-Hoitinga, M., Langendam, M.
W.2014. SYRCLE’s risk of bias tool for animal studies. BMC Medical Research Methodology, 14(1):
43. doi: 10.1186/1471-2288-14-43.

Indonesia Basic Health Research Team. 2013. Laporan nasional riset kesehatan dasar 2013 [In
Indonesian]. Health Research and Development Agency, Ministry of Health of the Republic of
Indonesia. Available at: https://repository.badankebijakan.kemkes.go.id/id/eprint/4428/

Inoue, O., Hokamura, K., Shirai, T., Osada, M., Tsukiji, N., Hatakeyama, K., Umemura, K., Asada, Y.,
Suzuki-Inoue, K., Ozaki, Y. 2015. Vascular smooth muscle cells stimulate platelets and facilitate
thrombus formation through platelet CLEC-2: Implications in atherothrombosis. PLOS ONE, 10(9):
€0139357. doi: 10.1371/journal.pone.0139357.

Inoue, O., Osada, M., Nakamura, J., Kazama, F., Shirai, T., Tsukiji, N., Sasaki, T., Yokomichi, H.,
Dohi, T., Kaneko, M., Kurano, M., Oosawa, M., Tamura, S., Satoh, K., Takano, K., Miyauchi, K.,
Daida, H., Yatomi, Y., Ozaki, Y., Suzuki-Inoue, K. 2019. Soluble CLEC-2 is generated independently
of ADAM10 and is increased in plasma in acute coronary syndrome: Comparison with soluble GPVI.
International Journal of Hematology, 110(3): 285-294. doi: 10.1007/s12185-019-02680-4.

Ishikura, H., Irie, Y., Kawamura, M., Hoshino, K., Nakamura, Y., Mizunuma, M., Maruyama, J.,
Nakashio, M., Suzuki-Inoue, K., Kitamura, T. 2022. Early recognition of sepsis-induced coagulopathy
using the C2PAC index: A ratio of soluble type C lectin-like receptor 2 (SCLEC-2) level and platelet
count. Platelets, 33(6): 935-944. doi: 10.1080/09537104.2021.2019694.

Kuriakose, D., Xiao, Z. 2020. Pathophysiology and treatment of stroke: Present status and future
perspectives. International Journal of Molecular Sciences, 21(20): 7609. doi: 10.3390/ijms21207609.

Martyanov, A. A., Balabin, F. A., Dunster, J. L., Panteleev, M. A., Gibbins, J. M., Sveshnikova, A. N.
2020. Control of platelet CLEC-2-mediated activation by receptor clustering and tyrosine kinase
signaling. Biophysical Journal, 118(11): 2641-2655. doi: 10.1016/j.bpj.2020.04.023.

McKee, C. A., Lukens, J. R. 2016. Emerging roles for the immune system in traumatic brain injury.
Frontiers in Immunology, 7. doi: 10.3389/fimmu.2016.00556.

Meng, D., Luo, M., Liu, B. 2021. The role of CLEC-2 and its ligands in thromboinflammation. Frontiers
in Immunology, 12. doi: 10.3389/fimmu.2021.688643.

Meng, D., Ma, X., Li, H., Wu, X, Cao, Y., Miao, Z., Zhang, X. 2021. A role of the podoplanin-CLEC-
2 axis in promoting inflammatory response after ischemic stroke in mice. Neurotoxicity Research,
39(2): 477-488. doi: 10.1007/s12640-020-00295-w.

Ministry of Health of The Republic of Indonesia. 2017. Germas cegah stroke (in Indonesian). Ministry
of Health of The Republic of Indonesia. Available at: https://p2ptm.kemkes.go.id/tag/germas-cegah-
stroke.

Nishigaki, A., Ichikawa, Y., Ezaki, M., Yamamoto, A., Suzuki, K., Tachibana, K., Kamon, T., Horie,
S., Masuda, J., Makino, K., Shiraki, K., Shimpo, H., Shimaoka, M., Suzuki-Inoue, K., Wada, H. 2021.
Soluble C-type lectin-like receptor 2 elevation in patients with acute cerebral infarction. Journal of
Clinical Medicine, 10(15): 3408. doi: 10.3390/jcm10153408.

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer,
L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrobjartsson,
A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., ... Moher, D. 2021. The
PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ, n71. doi:
10.1136/bmj.n71.

Roever, L., Tse, G., Biondi-Zoccai, G. 2019. Plasma CLEC-2 (C-type lectin receptor 2) in patients with
acute ischemic stroke. Stroke, 50(1): 3-3. doi: 10.1161/STROKEAHA.118.023696.

Saini, V., Guada, L., Yavagal, D. R. 2021. Global epidemiology of stroke and access to acute ischemic
stroke interventions. Neurology, 97(20 Supplement 2). doi: 10.1212/WNL.0000000000012781.

Sierra, C., Coca, A., Schiffrin, E. L. 2011. Vascular mechanisms in the pathogenesis of stroke. Current
Hypertension Reports, 13(3): 200—207. doi: 10.1007/s11906-011-0195-x.

Smela, B., Toumi, M., Swierk, K., Francois, C., Biernikiewicz, M., Clay, E., Boyer, L. 2023. Rapid
literature review: Definition and Methodology. Journal of Market Access & Health Policy, 11(1). doi:
10.1080/20016689.2023.2241234.

Sung, P., Sun, C., Tao, M., Hsieh, S. 2023. Inhibition of SARS-CoV-2-mediated thromboinflammation
by CLEC2.Fc. EMBO Molecular Medicine, 15(7). doi: 10.15252/emmm.202216351.

Suzuki-Inoue, K. 2019. Platelets and cancer-associated thrombosis: Focusing on the platelet activation

Journal homepage: https://e-journal. unair.ac.id/MBIO/


https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-43
https://repository.badankebijakan.kemkes.go.id/id/eprint/4428/
https://dx.plos.org/10.1371/journal.pone.0139357
http://link.springer.com/10.1007/s12185-019-02680-4
https://www.tandfonline.com/doi/full/10.1080/09537104.2021.2019694
https://www.mdpi.com/1422-0067/21/20/7609
https://linkinghub.elsevier.com/retrieve/pii/S0006349520303465
http://journal.frontiersin.org/article/10.3389/fimmu.2016.00556/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.688643/full
http://link.springer.com/10.1007/s12640-020-00295-w
https://p2ptm.kemkes.go.id/tag/germas-cegah-stroke
https://p2ptm.kemkes.go.id/tag/germas-cegah-stroke
https://www.mdpi.com/2077-0383/10/15/3408
https://www.bmj.com/lookup/doi/10.1136/bmj.n71
https://www.bmj.com/lookup/doi/10.1136/bmj.n71
https://www.ahajournals.org/doi/10.1161/STROKEAHA.118.023696
https://www.neurology.org/doi/10.1212/WNL.0000000000012781
http://link.springer.com/10.1007/s11906-011-0195-x
https://www.mdpi.com/search?q=10.1080/20016689.2023.2241234
https://www.mdpi.com/search?q=10.1080/20016689.2023.2241234
https://www.embopress.org/doi/10.15252/emmm.202216351

MBIOMI | Vol. 35 No. 2 July 2025 165

receptor CLEC-2 and podoplanin. Blood, 134(22): 1912—-1918. doi: 10.1182/blood.2019001388.

Suzuki-Inoue, K., Tsukiji, N., Shirai, T., Osada, M., Inoue, O., Ozaki, Y. 2018. Platelet CLEC-2: Roles
beyond hemostasis. Seminars in Thrombosis and Hemostasis, 44(02): 126—134. doi: 10.1055/s-0037-
1604090.

Uchiyama, S., Suzuki-Inoue, K., Wada, H., Okada, Y., Hirano, T., Nagao, T., Kinouchi, H., Itabashi,
R., Hoshino, H., Oki, K., Honma, Y., Ito, N., Sugimori, H., Kawamura, M. 2023. Soluble C-type
lectin-like receptor 2 in stroke (CLECSTRO) study: Protocol of a multicentre, prospective cohort of
anovel platelet activation marker in acute ischaemic stroke and transient ischaemic attack. BMJ Open,
13(9): €073708. doi: 10.1136/bmjopen-2023-073708.

Wada, H., Ichikawa, Y., Ezaki, M., Yamamoto, A., Tomida, M., Yoshida, M., Fukui, S., Moritani, I.,
Shiraki, K., Shimaoka, M., Iba, T., Suzuki-Inoue, K., Shimpo, H. 2022. Elevated plasma soluble C-
type lectin-like receptor 2 is associated with the worsening of coronavirus disease 2019. Journal of
Clinical Medicine, 11(4): 985. doi: 10.3390/jcm11040985.

World Health Organization. 2014. Global status report on noncommunicable diseases. World Health
Organization. Available at: https://www.who.int/publications/i/item/9789241564854.

Wu, X., Zhang, W., Li, H., You, S., Shi, J., Zhang, C., Shi, R., Huang, Z., Cao, Y., Zhang, X. 2019.
Plasma C-type lectin-like receptor 2 as a predictor of death and vascular events in patients with acute
ischemic stroke. European Journal of Neurology, 26(10): 1334—1340. doi: 10.1111/ene.13984.

Yeung, J., Li, W., Holinstat, M. 2018. Platelet signaling and disease: Targeted therapy for thrombosis
and other related diseases. Pharmacological Reviews, 70(3): 526—548. doi: 10.1124/pr.117.014530.

Zhang, X., Zhang, W., Wu, X., Li, H., Zhang, C., Huang, Z., Shi, R., You, T., Shi, J., Cao, Y. 2019.
Prognostic significance of plasma CLEC-2 (C-Type Lectin-Like Receptor 2) in patients with acute
ischemic stroke. Stroke, 50(1): 45-52. doi: 10.1161/STROKEAHA.118.022563.

Journal homepage: https://e-journal.unair.ac.id/MBIO/


https://ashpublications.org/blood/article/134/22/1912/428842/Platelets-and-cancerassociated-thrombosis-focusing
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0037-1604090
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0037-1604090
https://bmjopen.bmj.com/lookup/doi/10.1136/bmjopen-2023-073708
https://www.mdpi.com/2077-0383/11/4/985
https://www.who.int/publications/i/item/9789241564854
https://onlinelibrary.wiley.com/doi/10.1111/ene.13984
https://linkinghub.elsevier.com/retrieve/pii/S0031699724012602
https://www.ahajournals.org/doi/10.1161/STROKEAHA.118.022563

