Apolipoprotein A-lV is a novel endogenous inhibitor of thrombosis: the roles of its polymorphisms on platelet function
Noa Chazot 124, Daniel T. MacKeigan -3, Si-Yang Yu 2, Dachuan Zhang’?#, Christopher J. Khoury%24, Xi Lei'?2, Heyu Ni-¢"

o | 'Department of Laboratory Medicine, Keenan Research Centre for Biomedical Science, St. Michael’s Hospital, Toronto, Canada; “Toronto Platelet Immunobiology Group, St. Michael’s
[aboratory Medicine & Pathobiology University of Toronto, Toronto, Canada; *Department of Physiology, University of Toronto, Canada; *>Department of Laboratory Medicine and Pathobiology, University of . . .
, UNIVERSITY OF TORONTO Toronto, Toronto, Ontario, Canada; >Canadian Blood Services Centre for Innovation, Toronto, Canada; ®Department of Medicine, University of Toronto, Toronto, Ontario, Canada Inspiring Science. for Biomedical Science

Keenan Research Centre u UNITY HEALTH

Inspired Care. TORONTO

Introduction Results

» Our group has recently identified apolipoprotein A-IV (apoA-IV)  FITC-labeled Q360H and T347S bind less to platelets than WT ApoA-IV in vitro
as a novel endogenous inhibitor of thrombosis through the A. B.

competitive blockade of the platelet allbp3 integrin’.

« Several studies demonstrate that plasma apoA-IV levels X
inversely correlate with cardiovascular disease (CVD)+4. .
* The two most common polymorphisms of wildtype (WT) apoA-1V, :
C-terminus mutations Q360H and T347S, have been linked to an gw_ - V /\_
increased risk of CVD?>7, g T ] E 2
* However, the underlying mechanisms have not previously been t - 11 — / \\,... af mk\
explored. ; - i o T = '
* A better understanding of apoA-1V and its polymorphisms may a il 1 I = -
explain the observed clinical risk of CVD in the polymorphism |
patients and may provide insight for future patient treatment and { .
therapeutic development. A WE_dee) T S WE g Tiee -
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Hypothes 1S Figure 1: (A) Human PRP incubated with 100 pg/ml apoA-IV ApoA-IV or BSA as a control. Difference between mean

] percent FITC positive cells for BSA and apoA-IV in resting condition and active (using 50uM ADP) conditions,
ApoA-IV polymorphisms Q360H and T347S have a weaker represents p < 0.05, n = 4. (B) Representative histogram showing the FITC distribution of activated platelets in each

inhibitory effect on platelet function and against condition.
thrombosis, increasing one’s risk of thrombotic Q360H and T347S |nh|b|ted actlvatlon of human platelets less than WT in vitro
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Figure 2: Human PRP incubated with ApoA-IV or BSA as a control. (A) Representative dot plots showing gating
strategy of P-selectin positive population in resting and activated groups, using 0.01 U/ml of thrombin. (B) Percent
positive platelets for P-selectin on resting platelets treated with 250 ng/ml apoA-IV show no significant difference. (C)
ApoA-IV shows dose-dependent inhibition of percent positive platelets for P-selectin, * represents p <0.05, n = 5.
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Platelet Spreading Q360H and T347S inhibited human PRP and gel-filtered platelets aggregation
less than WT in vitro
N dd recombinant Pp ette genTthed aerISin y ‘ A. B.
erslip and i ) *
\ for4b5 rtnint e dh l‘ 1 ] S 100, 100+ - ] 100; 100+ %* |
Fix and stain coverslip RN 1\ < 801 s = = B == 80 § 80 — I —
— / c o 2 — £ : ==
8 60 f ;- o £ 60 :
S | £ e 607 2 S 604
Drewhbicod = nsfer Platelet S—— @ 2 E ] - Con =
Rlch Plasma S 40 = E 401 ¢ |/ wi e
= = ° y Q360H 8
= E 404 o > | T347S E 40
Perfusion Chamber 5 » £, 2 a
= = =201 3 || E
5 204 VUl £ 20-
0 T T T ‘ 1m_m c T T+ T
1?[‘1 WT Q360H T347S WT Q360H T347S
- ‘;—“, —1 5§> el +
— . PO 4 C- 80 - ] D L
100, I 3 L
o Control E § 100
WT = B
\ S T 100 — Control & —
, g 80 :::3: 2 60 - o - == = =
§ M‘""Aw’w -§ = - % 9 -
o 60 // = 1 %
E o0 4 Y il
References v
£ w18 [/ Z :
2 |5 ——— & g 4o
. X.R. Xu et al., “Apolipoprotein A-1V binds allb3 integrin and inhibits thrombosis,” Nat. Commun., vol. 9, no. 1, p. 3608, Sep. 2018, doi: 10.1038/s41467-018- = 20: ‘13 E 20 §
05806-0. = i
. W.R. Wong et al., “Apolipoprotein AlV Gene Variant S347 Is Associated With Increased Risk of Coronary Heart Disease and Lower Plasma Apolipoprotein AlV OLT:”-:/ __/ g E 20+
Levels,” Circ. Res., vol. 92, no. 9, pp. 969-975, May 2003, doi: 10.1161/01.RES.0000069688.94567.7A. gl P g -
. A. Kretowski et al., “The apolipoprotein A-IV GIn360His polymorphism predicts progression of coronary artery calcification in patients with type 1 diabetes,” — 0 T T T 0

1

2

3 T T T
Diabetologia, vol. 49, no. 8, pp. 1946—1954, Aug. 2006, doi: 10.1007/s00125-006-0317-1. WT Q360H T347S WT Q360H T347S

4. F. Kronenberg et al., “Low apolipoprotein A-IV plasma concentrations in men with coronary artery disease,” J. Am. Coll. Cardiol., vol. 36, no. 3, pp. 751-757, Sep.

5

6

2000, doi: 10.1016/S0735-1097(00)00775-O0. . . .
. M. Zaiou, S. Visvikis, R. Gueguen, H.-J. Parra, J. C. Fruchart, and G. Siest, “DNA polymorphisms of human apolipoprotein A-IV gene: frequency and effects on Flgure 3: Human PRP or GFP was Comb|ned W|th 1 GOHg/mI apOA'IV or a bUﬁer Contr0| . (A) Human PRP was
lipid, lipoprotein and apolipoprotein levels in a French population,” Clin. Genet., vol. 46, no. 3, pp. 248-254, Jun. 2008, doi: 10.1111/j.1399-0004.1994.tb04235.x. . . %* . .
. T.F.Ejchel, L. M. Q. Aratijo, L. R. Ramos, M. S. Cendoroglo, and M. D. A. C. Smith, “Association of the apolipoprotein A-IV: 360 gln/his polymorphism with activated using 2.5uM ADP, * represents p < 0.05, n = 8. (B) Human PRP was activated using 1.25ug/ml type IV
cerebrovascular disease, obesity, and depression in a Brazilian elderly population: APOA-IV: 360 Polymorphism and Morbidities in an Elderly Population,” Am. J. % . . *
Med. Genet. B Neuropsychiatr. Genet., vol. 135B, no. 1, pp. 65-68, May 2005, doi: 10.1002/ajmg.b.30175. collagen, * represents p < 0.05, n = 8. (C) Human GFP was activated using 2.5ug/ml of type IV collagen, * represents

7. M. Rewers, M. |. Kamboh, S. Hoag, S. M. Shetterly, R. E. Ferrell, and R. F. Hamman, “ApoA-IV Polymorphism Associated With Myocardial Infarction in Obese

NIDDM Patients,” vol. 43, 1994, p <0.05, n =9. (D) Human GFP was activated using 4uM of thrombin receptor-activating peptide (TRAP), n =4

Q360H and T347S impaired human platelet spreading less than WT

In vitro
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Figure 4: Human PRP was spread over immobilized fibrinogen. Platelets were labeled with Alexa 488-
phallodin and imaged at distinct areas for each experiment with a confocal microscope. (A) Representative
images of spread platelets in each treatment were taken. (B,C) A significant difference in platelet spreading
between WT and both Q360H and T347S was shown through mean number of platelets per field, and
between WT and T347S through the mean surface area of each platelet from all images acquired, *, ***, ****
represents p <0.05, p <0.001, p <0.0001 respectively, n = 6.

Ex vivo Thrombosis formation was inhibited by Q360H and T347S less

than WT at high shear (1800s-1)
A. .

Time
8x10°

— BSA

6x10°

i

Mean Fluorescence Intensity

N
X
-
o
(3]

al
MWWMM'

Puith

100=

Oupatr

1 min 2 min 3 min

*%

O

50=

Final MFI % Relative to Control

0

T T T
WT Q360H T347S

Figure 5: Heparinized human whole blood labeled with DiOC 5 and perfused across a collagen-coated
microcapillary chamber at 1800s-1 with 160ug/ml of BSA or apoA-1V for 3 minutes. (A) Representative
images of platelet adhesion over the course of 3 minutes in each treatment group. (B) Thrombus mean
florescent intensity over time. (C) A significant difference in platelet adhesion shown between WT and
1347S,p <0.01,n=5.

Summary and Future Directions

*ApoA-IV polymorphisms Q360H and T347S showed decreased binding to
activated platelets and attenuated inhibitory effect on platelet activation in
comparison to WT apoA-I|V.

*ApoA-IV polymorphisms Q360H and T347S showed impaired inhibition of ADP,
collagen and thrombin receptor activation peptides (TRAP)-induced platelet
aggregation, and platelet spreading in comparison to WT apoA-I|V.

*ApoA-IV polymorphisms Q360H and T347S showed decreased inhibitory effect
on thrombosis in an ex vivo perfusion chamber model under high shear (1800s")
in comparison to WT apoA-IV.

Future studies will investigate the biomolecular affinity difference of apoA-IV an its
polymorphism to the allbf3 integrin.



