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associated with higher odds of TIA (Table 3). In multivariate 
analysis, only serum PCSK9 was independently associated 
with TIA (OR per 10 ng/mL increase, 1.16, 95% CI 1.01-1.34, 
p = 0.035) (Table 3). 

dIscussIon

Our study suggests that serum PCSK9 levels are in-
dependently associated with higher odds of TIA and 
correlate with the risk of future stroke in TIA patients as 

estimated by the ABCD2 score. Although this was a small 
pilot study, intriguing findings emerged. Our study con-
firmed previously reported associations of serum PCSK9 
concentrations with increasing age,19 but failed to show 
any correlations with other clinical characteristics (e.g. 
sex, obesity), metabolic parameters or lipidemic profile.

The role of PCSK9 with regard to hypercholester-
olemia and atherosclerosis is well studied. Gain of function 
mutations in PCSK9 cause hypercholesterolemia, while 
heterozygous nonsense mutations in PCSK9 results in 
significantly lower plasma LDL cholesterol levels.20, 21 The 
mechanism that explains these findings is the degrada-
tion of the LDL receptors by PCSK9. The extra membrane 
portion of the LDL receptors have a binding site (EGF-A, 
Epidermal Growth Factor A like domain) for PCSK9; when 
PCSK9 and the LDL particle are bound on the LDL receptor, 
the resulting complex is internalized into an endosome,22 
in a clathrin mediated phagocytosis process that ends 
up to the degradation of the LDL receptor.23 Classically, 
the association of PCSK9 with atherosclerosis has been 
linked to fewer available LDL receptors on the hepatocyte 
membrane surface which leads to increased circulating 
LDL ‘proatherogenic’ particles.

There is evidence that increased serum PCSK9 levels 
are associated with severe atherosclerosis and higher 
rates of acute cardiovascular events, triggered by unsta-
ble coronary plaques24. Two retrospective, angiographic 
studies reported an increase in PCSK9 levels in patients 
with acute myocardial infarction versus stable CAD.14 
PCSK9 is linked to plaque vulnerability through several 
pathways, including proinflammatory LDL oxidation and 
direct modification of plaque composition.25 Of interest, it 
has also been reported that PCSK9 is involved in platelet 
activation at the site of a ruptured plaque. Indeed, PCSK9 
levels have been shown to correlate with the concentra-
tion of thromboxane 11-dh-TXB2 in the urine of patients 
with acute coronary syndrome, thus suggesting that 
PCSK9 might be implicated in promoting platelet activa-
tion.26 Besides LDL receptor, PCSK9 can also bind to the 
apolipoprotein E receptor-2 (ApoER2) which has a 46% 
homology in its sequence with the LDL receptor. This 
binding activates cytosolic phospholipase A2 (cPLA2) 
through the p38MAPK pathway27. The cascade of platelet 
activation is then activated with the release of arachidonic 
acid. A direct association between PCSK9 serum levels 
and residual platelet reactivity has been demonstrated 
in patients with acute coronary syndromes (ACSs) treated 
with P2Y12 inhibitors. Recombinant human PCSK9 added 
in vitro to human platelets has been shown to potentiate 
their activation. Finally, blood clotting factor VIII (FVIII), 
which has been associated with increased risk of stroke 
and ACS, is cleared from the circulation by members of 

tAbLe 2. Correlation of clinical and laboratory parameters 
with PCSK9 in the population.

Variable TIA patients  Control group

r P-value r P-value

Age, years 0.634 0.003 -0.380 0.099

Male sex -0.057 0.810 -0.075 0.752

BMI, kg/m2 0.562 0.438 -0.259 0.271

Smoking -0.216 0.360 0.060 0.800

Hx of hypertension 0.033 0.890 -0.036 0.881

Hx of dyslipidemia 0.393 0.086 0.493 0.027

HX of diabetes mellitus 0.515 0.020

Hx of CAD N/A N/A

Hx of PAD N/A N/A N/A N/A

Systolic BP -0.196 0.408 0.191 0.419

Diastolic BP -0.416 0.068 0.158 0.505

TC, mg/dL 0.066 0.781 0.188 0.427

TG, mg/dL 0.061 0.797 0.003 0.991

HDL-C, mg/dL 0.387 0.092 0.474 0.035

LDL-C, mg/dL -0.107 0.653 0.142 0.550

ApoA1, mg/dL 0.299 0.200 0.322 0.166

ApoB, mg/dL -0.291 0.213 0.184 0.437

Lp (a), mg/dL -0.325 0.162 0.091 0.703

ABCD2 0.512 0.021 N/A N/A

mRS -0.116 0.625 N/A N/A

NIHSS -0.016 0.947 N/A N/A

Abbreviations: Hx: history; N/A: non-applicable; BMI: body mass index; 
CAD: coronary artery disease; PAD: peripheral arterial disease; BP: blood 
pressure; The ABCD2 score is based on five parameters (age, blood 
pressure, clinical features, duration of TIA, and presence of diabetes); 
mRS: modified Rankin scale; NIHSS: National Institutes of Health Stroke 
Scale; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; 
TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; Apo: 
apolipoprotein; Lp: lipoprotein; PCSK9: proprotein convertase subtilisin/
kexin type 9.
conversions: To convert total cholesterol, LDL-C or HDL-C from [mg/
dl] to [mmol/L] multiply by 0.02586; to convert TG from [mg/dL] to 
[mmol/L] multiply by 0.0113;




