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Abstract
Background Platelet is enriched with Circular RNAs (circRNAs), with circFAM13B rank among the 10 most abundant 
circRNAs in platelets. The aim of the present study was to evaluate the predictive value of platelet-derived circFAM13B 
for the antiplatelet responsiveness and efficacy of ticagrelor in patients with acute coronary syndrome (ACS).

Methods Consecutive ACS patients treated with ticagrelor were enrolled, and the antiplatelet responsiveness of 3 
days of ticagrelor maintenance treatment was assessed by measuring the adenosine diphosphate (ADP)-induced 
platelet inhibition rate (ADP%) using thromboelastography. The expression of circFAM13B in the patients’ platelets 
was analyzed by quantitative real-time polymerase chain reaction. The correlation between circFAM13B expression 
and ticagrelor antiplatelet responsiveness, as well as the independent contribution of circFAM13B to the composite of 
adverse ischemic events during a follow-up period of at least 12 months was evaluated.

Results A total of 129 eligible ACS patients treated with ticagrelor were enrolled in the study. A negative correlation 
was found between the expression of circFAM13B and the ADP% value (r = -0.41, P < 0.001). Patients with ADP% ≥ 
76% had a significantly lower level of circFAM13B compared to those with ADP% < 76% (adjusted P = 0.009). Receiver 
operating characteristic curve analysis demonstrated that combining circFAM13B expression > 1.05 with clinical 
risk factors could effectively predict the risk of adverse ischemic events (AUC = 0.81, 95% CI: 0.69 to 0.92, P < 0.001). 
Kaplan-Meier survival analysis showed that patients with circFAM13B > 1.05 had a significantly higher risk of adverse 
ischemic events compared to those with circFAM13B ≤ 1.05 (P = 0.003). Multivariate logistic hazard analysis identified 
circFAM13B > 1.05 as an independent risk factor for adverse ischemic events in in ticagrelor-treated ACS patients 
(adjusted OR: 5.60, 95% CI: 1.69–18.50; P = 0.005).

Conclusions Platelet-derived circFAM13B could be utilized for predicting the antiplatelet responsiveness and efficacy 
of ticagrelor in patients with ACS.
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Introduction
Acute coronary syndrome (ACS) is the most prevalent 
and fatal clinical manifestation of cardiovascular disease. 
It is widely acknowledged that platelet aggregation plays 
an essential role in the pathogenesis of ACS. Dual anti-
platelet therapy (DAPT) with a P2Y12 receptor inhibitor 
and aspirin is the standard treatment for patients with 
ACS. Ticagrelor, as the first reversible oral P2Y12 inhibi-
tor with more potent antiplatelet effects than clopidogrel, 
is recommended for the treatment of patients with ACS 
[1–3]. Despite the widely recognized benefit of ticagre-
lor, there is still variation in anti-platelet responsiveness 
and residual risk of ischemic events in ACS patients 
treated with ticagrelor [4–7]. Therefore, how to predict 
the occurrence of adverse events in ticagrelor-treated 
patients is crucial for personalized antiplatelet therapy in 
patients with ACS.

Platelets, as the main effectors of hemostasis and 
thrombosis, have been found to have an abundance of 
non-coding RNAs (ncRNAs) [8, 9]. Compared to other 
hematopoietic cell types, platelets show a higher propor-
tion of circular RNAs (circRNAs), attributed to the gen-
eral degradation of linear RNAs during the lifetime of 
platelets [10]. CircRNAs are generated through a unique 
mode of alternative splicing of pre-mRNAs, which are 
much more suitable as biomarkers due to the higher 
biological stability with the circular configuration and 
resistance to exoribonucleolytic degradation [10–12]. 
CircFAM13B was one of the 10 most abundant circRNAs 
predicted in platelets [11]. As a 331  bp circular RNA 
localized to chromosome 5, apart from platelets, circ-
FAM13B is highly expressed in the testis, endometrium, 
as well as testis, endometrium [13]. Recent studies found 
the dysregulation of circFAM13B expression had the 
potential value as a biomarker for the treatment of can-
cer, including the inhibition of bladder cancer prolifera-
tion by attenuating the glycolytic process, and acting as 
a molecular sponge for miR-212 in hepatocellular carci-
noma [14–16]. However, as one of the highly abundant 
circRNAs in human platelets, the role of circFAM13B 
has never been investigated in the platelets. The aim of 
the present study was to evaluate the predictive value of 
platelet-derived circFAM13B in relation to the antiplate-
let efficacy of ticagrelor in patients with ACS.

Materials and methods
Patient recruitment
In the study, patients with ACS treated by ticagrelor for 
at least 1 year were consecutively recruited from April 
2020 to December 2021 in the Department of Cardiology, 
Chinese PLA General Hospital. All the enrolled patients 
were treated with ticagrelor (loading dose of 180 mg or 
maintenance dose of 90  mg twice daily, or both) after 
admission to the hospital. Patients were excluded from 

the study if they were under 18 years old, had a history 
of hematologic diseases or a tendency to bleed within the 
last three months, a known contraindication to ticagrelor 
treatment, a history of serious surgery and deep punc-
ture wounds, or severe hepatic and renal dysfunction 
with a life expectancy of less than 1 year. The study was 
approved by the institutional ethics committee of the 
Chinese PLA General Hospital (S2021-664-02) and con-
ducted in accordance with the declaration of Helsinki. All 
enrolled patients signed informed consent.

Measurement of ticagrelor antiplatelet responsiveness
The antiplatelet responsiveness of ticagrelor was mea-
sured for each patient using the Thromboelastography 
(TEG) Hemostasis Analyzer (Lepu Medical Technology, 
Beijing) with platelet mapping analysis. Blood samples 
were obtained via peripheral venipuncture after 3 days 
of maintenance treatment with ticagrelor, and were 
detected within 2  h according to the manufacturer’s 
instructions. The TEG system measures the maximum 
amplitude (MA), which is a direct parameter that reflects 
the maximum clot strength. The TEG system is capa-
ble of measuring thrombin-induced platelet fibrin clot 
strength (MAthrombin) and ADP-induced platelet fibrin 
clot strength (MAADP), as well as MA generated by fibrin 
(MAfibrin). The ticagrelor antiplatelet responsiveness 
was evaluated according to the calculation of the ADP-
induced platelet inhibition rate (ADP%) as the following 
formula: ADP% = [1-(MAADP–MAfibrin)/ (MAthrombin– 
MA fibrin)] × 100% [17–19].

The expression of circFAM13B in platelet
Platelets were isolated from all enrolled patients. The 
whole blood samples were drawn in a sodium citrate 
anticoagulated vacuum blood collection tube and cen-
trifuged at 100×g for 15 min at room temperature. And 
700 µl of the upper plasma layer was taken with an RNA-
ase-free and bacteria-free tip, which was the platelet-
rich plasma (PRP). The PRP was transferred into a new 
uncontaminated 1.5 ml EP tube and centrifuged at 2000 
× g for 15 min at room temperature to remove the super-
natant, and the precipitate in the tube was platelets. The 
expression of the circFAM13B was measured in plate-
lets. The total RNA isolation was carried out using the 
high-purity total RNA isolation kit (# R1002, SinoGene, 
China) according to the manufacturer’s instructions. The 
RNA samples were then subjected to the preparation of 
cDNA samples using the Thermo First cDNA Synthesis 
Kit (# Q1010, SinoGene, China). With GAPDH serving as 
the internal reference, cDNA samples were used in qPCR 
to measure the relative expression levels of circFAM13B. 
qRT-PCR was performed by 2×SG Green qPCR Mix 
(with ROX) (# Q1002, SinoGene, China) with the stan-
dard protocol on StepOnePLUS (Applied Biosystems, 
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USA). All experiments were performed on three bio-
logical replicates. Ct thresholds were determined by the 
software. The expression of circFAM13B was normalized 
using the 2-ΔΔct method. Primer sequences were as fol-
lows: has-circ- 0001535 forward, 5′- C A A T G A A G C T A T 
G C A G C A A G A-3′ and reverse, 5′- C A A A A A G G T G C T 
G T T C C A C A-3′; GADPH forward, 5′- G A A G G T G A A G 
G T C G G A G T C-3′ and reverse, 5′-  G A A G A T G G T G A T G 
G G A T T T C-3′. PCR thermal conditions were as follows: 
10 min at 95 °C and then 40 cycles of 20 s at 95 °C and 30s 
at 60 °C.

Endpoints and follow-up
The primary endpoint was the antiplatelet responsive-
ness of post 3 days of maintenance treatment of ticagre-
lor measured by TEG with the value of ADP% lower than 

76%. The cut-off value was identified as reflective of high 
on-treatment platelet reactivity (HTPR) under ticagrelor 
treatment and to predict adverse ischemic events [17]. 
The secondary endpoints were adverse ischemic events 
defined as all-cause death, nonfatal myocardial infarction 
(MI), nonfatal stroke, stent thrombosis and rehospital-
ization for unstable angina (UA). Patients were followed 
up for at least 12 months after discharge to identify the 
occurrence of adverse ischemic events.

Statistical analysis
Categorical variables are expressed as n (%) and were 
compared using the χ2 test. The Kolmogorov–Smirnov 
test was used to check for the normal distribution of 
continuous data. Continuous variables expressed as 
the mean ± standard deviation (SD) or median (inter-
quartile range [IQR]) were compared using the t-test or 
Mann‒Whitney U test based on their distributions. The 
Pearson correlation test was utilized to evaluate the cor-
relation between the expression level of circFAM13B 
and the ADP% measured by TEG. Univariate and mul-
tivariate logistic regression analysis was carried out to 
determine the independent predictive capability of the 
circFAM13B on the primary and secondary endpoints. 
Multivariate logistic regression analysis was adjusted for 
age, smoking, history of stroke, diabetes mellitus, prior 
percutaneous coronary intervention (PCI) and 3-vessel 
diseases of coronary artery. The role of circFAM13B in 
predicting adverse ischemic events was analyzed by per-
forming ROC curve analysis. Kaplan–Meier estimates 
of adverse ischemic events were used to construct time-
to-event curves according to the optimal cut-off level 
(relative expression of circFAM13B > 1.05). All statistical 
analysis was performed by the software of SPSS Statistics 
22.0 (SPSS, Inc., Chicago, IL, USA), R (version 3.6.0) and 
GraphPad Prism 8. All p values were two-sided, with the 
P value < 0.05 as statistically significant.

Results
Patient characteristics
The basic clinical characteristics of the consecutively 
recruited 129 ACS patients treated with ticagrelor 
enrolled for the study were summarized in Table  1. It 
showed that the mean age of the enrolled patients was 
60.76 ± 7.68 years old. According to the inclusion and 
exclusion criteria, 15 (11.63%) patients with STEMI, 15 
(11.63%) patients with NSTEMI, and 99 (76.74%) patients 
with UA were finally included in the analysis. The pro-
portion of ACS patients undergoing PCI was 97.67% in 
the whole study.

The ADP-induced platelet inhibition rate measured by TEG
The majority of ACS patients have great responsiveness 
to 3 days of treatment with ticagrelor, with ADP% values 

Table 1 Baseline clinical characteristics of the patients with ACS
Clinical characteristics Total

(n = 129)
Age, (mean ± SD) y 60.76 ± 7.68
Male, n (%) 104 (80.62)
BMI, (mean ± SD) kg/m² 25.60 ± 3.25
Smoking, n (%) 61 (47.29)
Drinking, n (%) 62 (48.06)
Hypertension, n (%) 91 (70.54)
Hyperlipidemia, n (%) 34 (26.36)
Diabetes mellitus, n (%) 44 (34.11)
Prior MI, n (%) 25 (19.38)
Prior PCI, n (%) 44 (34.11)
History of stroke, n (%) 15 (11.63)
Clinical diagnosis
STEMI, n (%) 15 (11.63)
NSTEMI, n (%) 15 (11.63)
UA, n (%) 99 (76.74)
Undergoing PCI, n (%) 126 (97.67)
Number of diseased vessels for PCI
1-vessel, n (%) 21 (16.28)
2-vessel, n (%) 42 (32.56)
3-vessel, n (%) 61 (47.29)
LVEF, median (IQR) % 61 (56,64)
History of antiplatelet medication changes
Switched from clopidogrel to ticagrelor 24 (18.60)
Switched from aspirin to ticagrelor 4 (3.10)
Concomitant medication
ACEI/ARB, n (%) 55 (42.64)
β-Blockers, n (%) 81 (62.79)
CCB, n (%) 38 (29.46)
PPI, n (%) 81(62.79)
Statins, n (%) 124 (96.12)
Abbreviations ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; BMI, body mass index; BUN, blood urea nitrogen; CCB, 
calcium channel blocker; MI, myocardial infarction; NSTEMI, Non-ST segment 
elevation myocardial infarction; PCI, percutaneous coronary intervention; PPI, 
proton pump inhibitor; STEMI, ST-segment elevation myocardial infarction, UA, 
unstable angina
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measured by TEG skewed towards higher (Fig.  1). The 
value of ADP% was 80.11% ± 17.17% on average (rang-
ing from 10.60 to 99.80%) in all study patients. Accord-
ing to the cut-off value of ADP% < 76% which defines 
the patients with HTPR under ticagrelor treatment, 
45 patients (34.88%) had ADP% <76% and 84 patients 
(65.12%) had ADP% ≥76% in all enrolled patients.

The expression of platelet-derived circFAM13B
To investigate the differential expression of circFAM13B 
in ACS patients treated with ticagrelor, platelet samples 
were obtained after ticagrelor treatment. The distribution 
of circFAM13B expression levels was measured by qRT-
PCR, with an average expression level of 0.94 ± 0.88. The 
expression of circFAM13B derived from platelets was sig-
nificantly higher in patients with ADP% < 76% who were 
treated with ticagrelor for ACS (1.27 ± 1.10 vs. 0.77 ± 0.67, 
P = 0.001).

Association between the platelet-derived circFAM13B and 
ticagrelor antiplatelet responsiveness
There is a negative correlation between circFAM13B 
levels and ADP% measured by TEG (r = -0.41, P < 0.001) 
(Fig.  2), and the expression of circFAM13B revealed a 
trend toward decline with increasing ADP% (Fig.  1). 
Compared to the patients with ADP% < 76%, those with 
ADP% ≥ 76% had significantly lower circFAM13B lev-
els. In logistic regression analysis, we found that the 
platelet-derived circFAM13B was independently associ-
ated with ticagrelor antiplatelet responsiveness in ACS 
patients with the adjustment of clinical factors (including 
smoking, history of stroke, diabetes mellitus, prior PCI 
and 3-vessel diseases of the coronary artery) (P = 0.009, 
Fig. 3).

Contribution of the platelet-derived circFAM13B to the 
prediction of adverse ischemic events
Follow-up was available at a median of 20 months (inter-
quartile range: 19 to 36 months). A total of 20 (15.50%) 
patients had adverse ischemic events, with 5 (3.88%) 
patients had adverse ischemic events within 1-year 
ticagrelor treatment, and 15 (11.63%) after 1 year. All-
cause mortality was found in 2 patients (1.55%), nonfa-
tal MI in 2 patients (1.55%), nonfatal stroke in 3 patients 
(2.32%), and rehospitalization for UA in 13 patients 
(10.08%). A ROC analysis showed that the expression lev-
els of circFAM13B could distinguish the adverse ischemic 
events (AUC = 0.68, 95% CI: 0.55 to 0.81, P = 0.01) (Fig. 4). 
Overall, the relative expression of circFAM13B > 1.05 was 
identified as the optimal cut-off to predict the occurrence 

Fig. 1 Bar charts summarized the average relative expression of circFAM13B presenting with ADP% distribution in ticagrelor-treated patients with ACS. 
ADP%, adenosine diphosphate (ADP)-induced platelet inhibition rate; ACS, acute coronary syndrome

 

Fig. 2 Correlation between the relative expression of platelet derived cir-
cFAM13B and ADP% measured by TEG in ticagrelor-treated patients with 
ACS. ADP%, adenosine diphosphate (ADP)-induced platelet inhibition 
rate; TEG, thromboelastography; ACS, acute coronary syndrome
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of the adverse ischemic events. We found that the cut-
off value was an independent risk factor for the adverse 
ischemic events in both the univariate (unadjusted OR: 
3.71, 95% CI: 1.39–9.91; P = 0.009) and the multivariate 
logistic regression analysis (adjusted OR: 5.60, 95% CI: 
1.69–18.50; P = 0.005) (Table 2). Moreover, combining the 
cut-off value (relative expression of circFAM13B > 1.05) 
with clinical risk factors, including age, smoking, his-
tory of stroke, diabetes mellitus, prior PCI, and 3-ves-
sel diseases of the coronary artery, improved the ability 
to predict the occurrence of the adverse ischemic events 
(AUC = 0.81, 95% CI: 0.69 to 0.92, P < 0.001) (Fig. 4) com-
pared to clinical risk factors alone (AUC = 0.74, 95% CI: 
0.63 to 0.84, P = 0.001) (Fig. 4). Kaplan-Meier curves for 
the adverse ischemic event were displayed in Fig. 5. On 
the basis of the cutoff value of circFAM13B > 1.05, the 
expression of circFAM13B could significantly separate 
patients at higher and lower risk for events mainly after 
1 year (p = 0.003).

Discussion
The present study found that platelet-derived circ-
FAM13B was correlated with the antiplatelet respon-
siveness and the occurrence of adverse ischemic events 
in ticagrelor treated patients with ACS. Therefore, circ-
FAM13B might improve the ability to predict the occur-
rence of adverse ischemic events and could serve as one 
of the indicators to monitor antiplatelet treatment in 
patients with ACS. As far as we know, this is the first 
study to identify that platelet-derived circRNA could 
be informative for personalized antiplatelet therapy in 
patients with ACS.

Table 2 The association between the platelet-derived 
expression of circFAM13B and clinical risk factors with adverse 
ischemic events in ticagrelor-treated patients with ACS
Variable Univariate analysis Multivariate analysis

OR (95% CI) P 
Value

OR (95% CI) P 
Value

Relative 
expression of 
circFAM13B > 1.05

3.71 (1.39–9.91) 0.009 5.60 
(1.69–18.50)

0.005

Age 1.05 (0.98–1.12) 0.159 1.09 (1.01–1.18) 0.033
Smoking 1.14 (0.44–2.95) 0.792 2.20 (0.68–7.08) 0.186
History of stroke 0.82 (0.17–3.95) 0.805 0.51 (0.09–3.04) 0.459
Diabetes mellitus 2.21 (0.84–5.79) 0.108 3.64 

(1.18–11.22)
0.024

Prior PCI 0.29 (0.08–1.06) 0.061 0.22 (0.05–0.94) 0.041
3-vessel diseases 
of coronary artery

0.70 (0.27–1.86) 0.479 0.77 (0.26–2.26) 0.636

Multivariate analysis was adjusted by age, smoking, history of stroke, diabetes 
mellitus, prior PCI and 3-vessel diseases of coronary artery. ACS, acute coronary 
syndrome; PCI, percutaneous coronary intervention. Adverse ischemic events 
were defined as all-cause death, nonfatal myocardial infarction, nonfatal stroke, 
stent thrombosis, and rehospitalization for unstable angina

Fig. 4 Receiver-operating characteristic curve for the prediction of ad-
verse ischemic events in ticagrelor-treated patients with ACS according 
to the platelet derived circFAM13B with the relative expression level > 1.05 
(dot line), clinical risk factors (solid and dot line), and the combination of 
circFAM13B and clinical risk factors (solid line). The clinical risk factors in-
clude age, smoking, history of stroke, 3-vessel diseases of coronary artery, 
diabetes mellitus, and prior PCI. AUC, area under the curve

 

Fig. 3 The expression of the platelet derived circFAM13B was presented 
relative to GAPDH based on double calculations of 2−ΔΔCt. The relative ex-
pression of platelet derived circFAM13B in ADP% value < 76% and ≥ 76% 
in ticagrelor treated patients with ACS. *Adjusted by the covariates of age, 
smoking, history of stroke, 3-vessel diseases of coronary artery, diabetes 
mellitus and prior PCI. ADP%, adenosine diphosphate (ADP) induced 
platelet inhibition rate.
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Consistent with previous study [20], the variability of 
ADP-induced platelet aggregation could be observed 
in ACS patients receiving the ticagrelor treatment. A 
prospective study demonstrated that 46.2% of patients 
with ST-segment elevation myocardial infarction dis-
played HTPR after a 2-hour loading dose of ticagrelor 
[21]. The relatively lower incidence of HTPR in the pres-
ent study might be primarily due to the different timing 
of the test measurements. Ischemic events occurred in 
ACS patients treated with ticagrelor, with the incidence 
rate ranging from 3.6 to 10.3 [6, 22–26]. The relatively 
higher incidence rate of ischemic events (15.5%) in the 
present study might be attributed to the inclusion of the 
rehospitalization for unstable angina. Our study aimed 
to explore whether platelet derived circFAM13B could 
affect the efficacy of the potent antithrombotic therapy of 
ticagrelor.

In the present study, we discovered that independent 
of the traditional clinical risk factors, platelet-derived 
circFAM13B was associated with antiplatelet efficacy 
of ticagrelor, with higher expression of circFAM13B 
in ticagrelor treated patients with HTPR. Moreover, 
the increased expression of circFAM13B in the pres-
ent cohort conferred a 5-fold higher risk of clinical 
ischemic events. As shown in the Kaplan-Meier curves 
for the adverse ischemic event, the expression of circ-
FAM13B could significantly separate patients at higher 
and lower risk for events, mainly after 12 months. Due 
to the extensive antiplatelet efficacy, the adverse ischemic 
events occurred only in 5 patients (3.88%) during 1-year 
ticagrelor treatment. However, residual risk of ischemic 
events occurred in 15 patients (11.63%) when most of the 

patients withdrew the ticagrelor treatment. The Kaplan-
Meier survival analysis indicated that circFAM13B could 
predict not only the HTPR of ticagrelor, but also the 
occurrence of adverse events after 1-year ticagrelor treat-
ment in patients with ACS. Therefore, it is more reason-
able to conclude that platelet -derived circFAM13B could 
be predictive for the adverse ischemic events in ACS 
patients after the treatment with ticagrelor.

Several limitations should be mentioned. Firstly, the 
present study as a single-center with a relatively small 
sample size, may require further large-scale and multi-
center studies to verify the association of circFAM13B 
with platelet reactivity and adverse ischemic events in 
ticagrelor treated patients with ACS. Secondly, we did 
not investigate the mechanism of circFAM13B affects 
the platelet reactivity. However, using a bioinformatics 
prediction analysis tool, we found that circFAM13B has 
the potential binding sites on miR-126 (http://mirwalk.
umm.uni-heidelberg.de/) (data not shown). As a highly 
expressed miRNA in platelet, miR-126 has been discov-
ered to be associated with platelet reactivity as well as 
the efficacy of antiplatelet therapy with the role on P2Y12 
receptors, mainly through the regulation of the platelet 
surface proteins [27–29]. Therefore, we hypothesized that 
platelet-derived circFAM13B might functionally interact 
with miR-126 to influence the expression of P2Y12 recep-
tor, the target of ticagrelor for antiplatelet treatment. Fur-
ther basic research should be warranted to explore the 
potential mechanism. Thirdly, the study population in 
the present study was restricted to ACS patients treated 
with ticagrelor. Following studies required to encompass 

Fig. 5 Kaplan–Meier survival curves for the adverse ischemic events within a follow-up of a median of 20 months in ticagrelor treated patients with ACS 
grouped according to the relative expression of platelet derived circFAM13B with the threshold of 1.05. ACS, acute coronary syndrome
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ACS patients treated with other P2Y12 receptor inhibitors 
(such as clopidogrel and prasugrel).

Conclusion
Platelets-derived circFAM13B is associated with platelet 
reactivity and the occurrence of ischemic events in ACS 
patients treated with ticagrelor. Further research should 
be conducted to verify the mechanism of circFAM13B in 
the regulation of platelet reactivity and the antiplatelet 
responsiveness.
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