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Venous Thrqﬁ'nboEmboIlsm (VT)
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> Affects 0.2% ind,j&"i%uals a year
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> High Morta_,k%y rate 10%
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» 30 %@’F unprovoked VT events will reocurr &
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o A common multifactorial disease  «° . M. 4
9 & el e
> 606\\ : -
> EnVIr'Oﬂm ental OI'I gln @Q\o Développement d’un thrombus : hanche, cuisse, jambe (mollet)
sex, pregnancy, hormone therapy, |mmob|I|z§t|on overweight...
‘ge'é@%
» Genetic factors o
familial standardized incidence ratlgb%f 2.45
ocf

<& Zoller, Circulation 2011

5\



N
RS

9

Q
VENOUS TH@@MBOEMBOLIC DISEASE
ABO BLOOD TYPE
\)c‘;\\o A Cooperative Study
DENNIS SLONE
WiLriam H. W. INMAN

L JICK
B\ 0 WESTERHOLM
&O\NIARTIN P. VESSEY SAMUEL SHAPIRO

.o’  GEORGE P. LEwWIs JANE WORCESTER

é FROM THE DIVISION OF CLINICAL PHARMACOLOGY, LEMUEL SHATTUCK
HOSPITAL AND TUFTS UNIVERSITY MEDICAL SCHOOL, BOSTON, MASSA-

Jick, Lancet 1969
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A
@\
\’)\0
&
)
&
QO
(\é\ TABLE IV—RELATIVE RISKS A/O AND (A + B + AB)/O IN EACH SERIES OF PATIENTS
'\: 8@‘
66 Country Pooled Approximate ®\
Type of patient with thromboembolism Comparison estimate| 95% confidence limitg\s
@ i
’b\% U.S.A. | Sweden | U.K.* | UK.t | of risk$ | for pooled estimate %
,boc” Medical patients (both sexes) A/O 1-9 1-9 11-32@
Q\ (A+B+AB)/O 16 1-6 1:0-
X@
\é)\ Non-pregnant women not using oral contraceptives A/O 19 17 18 0Q=3-4
%00 (A+B+AB)/O | 20 17 18 99-32
© Pregnant or puerperal women A/O 25 27 14 21 & 15431
Qq/'\ (A+B+AB)/O | 22 2.7 14 21 | & 15-30
X
V Women using oral contraceptives A/O 46 32 28 26 32 ) > 2:2-47
(A+B+AB)/O 46 32 27 29 3Q 2:3-4-8
Fo)
* Committee on Safety of Drugs. 1 Medical Research Council’s Statistical Research Unit. § Woolf’,@kethod (Woolf 1955).
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ABO blogefééroup and VT
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Dick et al ala;zanssc\‘e? 143716476 - 1.53 [1.31, 1._94]
Jick (1969) Sweden 1157203, 9 26798 — 3.52 [2.07, 5.97]
Jick (1969) US4, ??;15{\@‘ 229z A 227 [l.24, 5.81]
Talbat et al (1970 335432905 F25 /28234 - 1.26 [1.07, l_50]
Wiesterholm et al 4873754 1076058 —_— Z.4% [1.74, 4.96]
Arthes @zf‘sz,rz?a 1597198 |- 1.29 [0.80, Z.08]
Talbat et al (1972) zo0zs839 1767523 - 1.32 [1.05, l_65]
Johnzon et al 30473501 #57/3554 - 1.17 [0.94, 1_33]
Rokinzon et al (i) o 82/264 277194 — - 2.1z [1.37, 3.29]
Mordstrom et 5 @ 23E/417E 11572656 - 1.32 [1.05, l._66]
WiaLtrecht eid 2589/26576 105 /22564 —- z.05 [1.64, Z.57]
Gnnzalez@ﬁal 13674180 47 f 3405 —n 2_59@%”1_90, 3.82]
Rober 2 al 1204137 Z7/42 — 3, [1.74, §.82]
Carteret al 190/371 1537315 —t— @};\11 [0.82, 1.50]
Zehileet et al 2447378 957185 —= @1.73 [1.21, Z.47]
‘,;Qﬁ_arsenetaIEEDDSJ QEFZ45 3475136 —a— ¥ 1.z0 [1.12, z.22)]
Oé,@ Mercier et al 3507553 1a0/315 —u— 2 l.82 [l.23, Z.15]
o Morell et al 334/603 1377339 —a o) 1.83 [1.40, Z._40]
> Tirado et al 1917327 EE/lEE —— o Z.62 [1.78, 3.8E5]
‘19 Procare-GEHT 102,141 larsa39 —Qb 3.97 [1.89, 8_35]
Ohira et al 315/544 17776553 —- @6 1.60 [1.28, Z_00]
wormittag et al 125/259 27/91 — .21 [1.32, 3.69]
Tatal (95% CI3 /\0\5&
Total events: 4511 (Mon-09, 2209 (0 K L 4 1.73 [1.56, 2.08]
Test for heterogeneity: Chi® = 86.12, df = 21 (F = 0.00001), F = 75.6% Q}AQ’
Test for overall effect: £ =536 (F = 0.00001) {@9
i 1 x9, L L n
01 02 05 1 2 5 10
Blood aroup non-0 associated with |g@}f?¢&{l risk  Blood aroun non-0 associated with increased risk
o Wu, J Thromb Heamost 2008
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Associations between ABO blood group and VWF

Relationship between ABO bge%d group phenotype and plasma vWF:Ag levels (IU dL ™).

fb*@)

Authors \ol\fo
é\)

McCallum et al. (1983) (& 136
Mohanty et al. (19842@66 96
Orstavik et al. (1985’) 167
Gill et al. (1981Qf< 1117
Shima et al £1995) 330
Souto et @l@(ZOOO) 328

Group O

89-7

99.7 + 9.1
65-4

74-8

809 * 14-1
77-3 £ 274

129-2

96-7
1059
107-3
1147

Group A

1138 * 6-7

Group B Group AB ' 4

1350 1390 @ <0001
90-3 = 164 1183 + }&9 < 005
102:5 119-1 ra < 001
1169 12323\9 < 001
103-8 L9338 + 172 < 0:001
1028 +302 1367 + 337 < 0-001

\o

All values are given as mean * 1 SD where possible. P-values are for group O vWF:Ag legé}fs compared to vWF:Ag levels in the

other blood groups.

<°
%
&

- Taux de VWF plus élevés chez les portetes%% de groupes sanguins non-O

O’Donnell, Transfus Med 2001
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Association betweem‘ﬂBO blood group and VWF

Relationship between ABO bge%d group phenotype and plasma vWF:Ag levels (IU dL ™).

fb*@)

Authors \ol\fo
é\)

McCallum et al. (1983) (& 136
Mohanty et al. (19842@66 96
Orstavik et al. (1985’) 167
Gill et al. (1981Qf< 1117
Shima et al £1995) 330
Souto et @l@(ZOOO) 328

Group O

89-7

99.7 + 9.1
65-4

74-8

809 * 14-1
77-3 £ 274

Group A

129-2
1138 * 6-7
96-7
1059
107-3
1147

Group B Group AB
135-0 139.0 @
>

90-3 = 164 1183 + }&9
102:5 1191 ra
116:9 1230@

103-8 L9338 + 172
1028 =302 1367 * 337

‘\\
\0,0

P

< 0-001
< 005
< 001
< 001
< 0-001
< 0-001

All values are given as mean * 1 SD where possible. P-values are for group O vWF:Ag legé}fs compared to vWF:Ag levels in the

other blood groups.

&O

O’Donnell, Transfus Med 2001
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Relations gﬁzveen ABO and VT
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1. Hémostase primaire: adhésion plaquettaireg&é"‘(’

N\

2. Coagulation: transporteur et stabilisateg@‘&coles taux plasmatiques de facteur VIl (FVIII)
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Augmentation du nlv@au de glycosylation du VWF

&
ABO(H)- ABO(H)+++ @ ABO(H)++4
N857  N1147 N1515 N1547 N2290 <O N2635
11 I ettt 1111
N N NG N N N N N
: : Blood Type 0
>\ Protectuomﬁu clivage par FADAMTS 13
&‘ :
62)
e Q&@\
> \ Ql<é|rance par les macrophages via le @‘@ 4
S
rec@pteur LRP1 (protéine 1 liée aux récepteurs &
oS <§Iood Type A

des lipoprotéines de basse densite) @Q

o
- Plus le VWF est glycosylé plus sa demi-vie egf’ %%.\ W
par consequent ses taux plasmatiques sont eIe\?eS Q )4
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Assomahon between VWF and VT

\0

‘%06@
s, O, ST - _ad O
& Mean (SD) value in Mean (SD) value in
§<\Q’” patients controls
N\ —— —— —
é\o«\%% 0 non-0 0 non-0
& (n=82) (n=219)  (n=128)  (n=173)
AK P W A _§—-
W antngen(IU/L) 1250 (377) 1410(367) 1060 (359) 133@(357)

'\

NIII coagulant actnvnt U/L 1200 379) 1340 (318) 1000 (281 20 (276)
. g y (/L) (379) (318) (281) 3620 (

@%o"\ Pearson correlatlon coefficient ( n-602) for blood group and vVWF or fag&’or VI
Q (FVIIN=0-19 for patients and 0-36 for controls (both p<0-001), andd fr vWF and
v factor VIlI=0-62 for patients and 0-69 for controls (both p<O- 0014&0

R
\S‘Qf
’s

Gée

- Taux de FVIII et VWF plus élevés chez Les patients avec une TV

/\o

=3 Koster, Lancet 1995
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ABO VT - VWF/FVIII

©

ABO

§°®” Dentali, Semin Thromb Hemost 2012
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Commson variants
Extended m‘eta -GWAS in INVENT

18 studies, &@30 324 VT and 172,122 Controls
12,923,718 |mpu¢md SNPs were tested for association with VT
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Genome — Wigd® significant loci 5 x 10 °
S
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W
ABO (exon) Known * LRP4 (intron). F2 (downstream) Known
“nogs® New locus—replicated
Kn&e'm NLRP2 (intron). GP6 (downstream) Known
ABO (intron) Khown New locus—not replicated
C10rf198 (intron) P New locus—not replicated New locus—replicated
CABPA (intron) New variant New locus—replicated
F11 (intron) ' Known New locus—replicated
F11 (intron) ' Known Ke¥iun
F11 (intron New variant PROCR (intron) @%nown
F2 (Intron) g Known SCL44A2 (intron) Known
FS (exon) 5 Known SMG6 (intron New locus—replicated
F5 (exon) Known STX10 (intron) ) New locus—not replicated
F8 (upstream Known STXBPS (intron ” Known
FGG (int7on) Known TSPAN15 (intron) Known

GRKS (intron New locus—replicated VWF (exon) ; New variant
Intergenic, EIFSA (upstream New locus—not replicated VWE (intron) 3 Known

i LGN Ul New locus—not replicated ZFPM2 (intron) Known
<
&
e
&0
> Lindstrom, Blood 2019
§\®~ Smith, ISTH 2020
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Genetic SCOLE and the risk of VT

\\OQ
6\)
Table 2. Venous thrombosis prediction using genetl(;éj?ongenetlc and combined risk scores
I)I\@@A (N = 7092) LETS (N = 881)
#<S
AUC (95% CI) ) o)’ Nagelkerke pseudo r2 AUC (95% CI) Nagelkerke pseudo r2
31-SNP risk score 0.71 (0.69- Oﬁa) 0.161 0.69 (0.65-0.72) 0.149
5-SNP risk score 0.69 (0. 6]\ .70) 0.135 0.67 (0.64-0.71) 0.138
Nongenetic risk score 0. 77&@76 -0.78) 0.288 0.71 (0.68-0.74) 0.200
Combined risk score &@@ (0.81-0.83) 0.378 0.77 (0.74-0.80) 0.292
&
Q’O\Q 10
{bo
(\%
‘;O\O
N
& 0,8
&{b 8\\'0
¥ &
Yo )
& 2% e
@ £ N
& 2 Na
. ‘é,\g ‘@ 5.SNP risk score Q(b
00\ 5 *** Nen-genefic risk score (%)
9 L7 = Combinedrisk score roﬁQ
@ 0.47 = “Reference Line
Q &
i &
6\)
©
0,29 «Q}Q
@
<&
oy
00 AQ
0= T T T T %~
00 0.2 04 08 05 2
1 - Specificity O;{OK
&

The 5-SNP risk score (including FV Leiden, PT GQ’(')21OA ABO (rs8176719), FGG, F11)
significantly improves the powg§ <of the nongenetic model

h\o‘* De Haan, Blood 2012
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ABO and Vgﬁous Thrombosis

@Q

N
d
&

- No consensus how to analyze AB@blood group (incl. Serology)
- No consensus how to define ABﬁ’ blood groups using ABO polymorphisms

- Comprehensive haplotype argaTyses of ABO blood group tagging SNPs in up to 5,425 cases

and 8,445 controls from 6 s@idms (INVENT consortium)

(]
(0\6

cf
&

rs8176749

rs41302905
rs8176743
rs1053878
rs8176719
rs687621
rs55876802
rs2519093
rs514659
rs579459

5
sitionon chr9
&&(b Location
be’ Reference sequence
Alternative sequence
Reference Amino Acid

Alternative Amino Acid
ABO Blood groups

Allele Frequencies
C=0.915, T=0.085
C=0.971, T=0.029
C=0.915, T=0.085
G=0.901, A=0.099
delG=0.605, G=0.395
A=0.629, G=0.371
C=0.971, A=0.029
C=0.815, T=0.185
A=0.629, C=0.371
T=0.786, C=0.214

rs8176749 rs41302905 rs8176743
136131188 136131316 136131415

ABO polymorphisms
rs1053878 rs8176719 rs687621 rs55876802 rs2519093 rs514659 rs579459
136131651 136132908 136137065 136137547 136141870 136142203 136154168

coding coding coding coding coding intronic coding intronic intro\@c 5
Cc C C G G A C C T
"\
T T T A delG G A T e c
Leu310 Gly268 Gly235 Prol56 Argl8 \QJQ%
Leu310 Arg268 Ser235 Leul56 p.88fs118Stop Leul8 (\\\
02 B A2 01 Q
‘.‘Q@
(00
10 0.003 10 0.01 0.142 0.157 O.O@Q 0.21 0.157 0.025
10 0.003 0.003 0.046 0.017 8)8 0.007 0.017 0.109
10 0.010 0.142 0.157 Qo003 0.021 0.157 0.025
10 0.148 0187 _<%" 0003 0.020 0.187 0.022
10 08 6\‘)\' 0.046 0.342 0.857 0411
‘ éeo 0.017 0.387 0.991 0.285
é 10 0.007 0.017 0.109
Linkage Disequilibrium (i )ma@k 1.0 0.385 0.823
\% 10 0.285
9&0 10
«9”
=&
Q
fz?q\)
< Goumidi, Blood 2020
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Association of AB@ﬁaplotypes with the risk of VT

<

2
N

&O

ABO blood & [ "
rs2519093 rs8176719 43579459 rs1053878 rs8176743 rs41302905 Frequency OR for VT
group &
9&0\‘@
01 C dei T G C 0.63 reference
o 3
< 0.70
0 of ;
2 C .A%Q,o G C G T 0.02 10.57 - 0.86]
s\\)%\u 178
Al T G C G C 0.20 .
o & [1.67-1.92]
& & 1.16
A2 ¢ C G T A C 07
<& (@\9 [1.03 - 1.31]
® o 1.76
B & C G T G ' < 0.08
0 @Q@"’ [1.58 — 1.96]

A1 & B ~same risk of VT

@Q

2
N

&O

But using only O1 vs non O1 i§e§%boptimal
as among non O1, O2 are protected angﬁ? are at a much lower risk

than A1/B

Goumidi, Blood 2021
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Forest plot shoﬁvmg the association of
ABO dgﬁlotypes with VT risk

&O

BO2 X i

&)
o 335
N -

A2B
%Qq 2.98
A1A%.‘0 .2.65
Phenotypic @%B &> @
groupA 66 BO1 242 N

@6

< :
<<<b'(\ A101 —— ) \\QJ

) A2A2 - Q

O A1B - &
Vv A102 al88 &

1.08
1.07 N

A202 =

0.81 &
0102 st Q'é

0.5 1 1:5 2 25 b@ 35 4 45 5
09
DIp'%t%IC Odds Ratio
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& Goumidi, Blood 2021
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Summary mformatlon about the association
of ABO h@plotypes with studied traits

é
%{Q)‘be
&
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S
%’b
ABO blood o | t | t on ICAM1
%% 152519093 rs8176719° rs579459 rs1053878 rs8176743 rs41302905 Frequency'  OR for VT? g L
group <& VWF /I levels® levels
& Q}b\
01 C Qr’d"QéIG T G C C 0.63 reference eé\\oreference reference
(\
02 ¢ & 6 C G C T 0.02 070" &
oéé,@ : [0.57 - 0. 8@5?
@ 1. 7@
Al © G C G C C 0.20
3 .63 192 P VNN
S 1 16
A2 C G T A C C 0.07 Q ‘)
\eff’l 03 - 1.31] %
) C G T G T C 0 oge'/\ ° 1.76 P
5 (1.58 - 1.96]
G.)KQ)
>
&&
<0
.\Q@‘
N . gm
O Goumidi, Blood 2021
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The influence of age@ﬁender and ABO blood group
on soluble endothellalcell markers and adhesion molecules

e
&
il
Group n Mean = SD Distribution
O
A S 130 105 + 33 o .
Bo\) 27 99 =+ 29 I O — '
AS 10 104 + 34 , & :
«® 142 92 + 35 RS S
O T T T T
e 90 100 110 120
é\o° von Willebrand factor (IU/dL)
QY
& A 93 46 = 21 \ =
<L B 23 56 + 20 | o NE
& AB 8 47 = 17 , & , &
<@ () 102 58 + 19 | o d &
(\Q,(b\ T T T T eé\
«@ 42 48 54 60 Qe
e E-Selectin (ng/mL) Q,b(\\
N
e A 95 42 + 13 : o ! &
© B 26 54 £ 15 ' o N
AB 10 45 = 13 , o 1 S
(e} 109 41 = 13 [ G W— &S
l —
42 49 56 Q*o 63
Thrombomodulin (nqtmL)
&0
Fig 1. Details of von Willebrand factor, E-select;\m ‘and thrombo-
modulin analysed according to blood group. Th@%lrcle is the mean
&
value; bars are the 95 % confidence 1nterval%g0‘
9
<3
S
£ Blann, BJH 1995
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ABO locus anod%lasma proteomics

4137 proteins covering@d‘ﬁost predicted extracellular proteins were
measured in the se@”m of 5457 Icelanders over 65 years of age.

PR

&L
(7))

ABQ & Cis 1.087 8e-244
SEEE Trans  -0.963 9e-193

p DGRF5 Trans -0.815 8e-125

.JROBO4 Trans -0.730 le-114
IL3RA Trans -0.613 S5e-81
QSOX2 Trans  0.625 4e-73
INSR Trans -0.595 3e-70
ICAM2 Trans -0.593 3e-67
FAM3D Trans 0.581 8e-66
KDR Trans  -0.508 5e-50
EPHA4 Trans -0.492 2e-49
ICAMS Trans -0.457 5e-40
FLT4 Trans -0.442 le-36
F8 Trans 0.393 9e-32
ENG Trans -0.394 1e-30
ISLR2 Trans -0.387 le-28
KIN Trans -0.376 2e-28
GOLM1 Trans  0.379 2e-28
CD200 Trans -0.357 2e-25
MET Trans -0.367 3e-25
GLCE Trans  0.360 le-24
LIFR Trans  -0.337 le22 @{?’
CIGALTIC1 Trans  0.326 2e-20 &O\
SHANK3 Trans 0314 4e-20P
ICAM4 Trans  -0.323 5§20
ACE Trans  -0316  sPe-19

P

o\

S

CHST15 Trans
SELP Trans
IGF1IR Trans
CDHS5 TransS\@‘
VWF Trayg
SEMAGA Tyns
L1CAM \\eﬁ’rans
CD109 ,D&Q’ Trans
CCL28 R Trans
IL6ST 'o}Q Trans
CHgﬂﬁ\Z Trans
SEP2 Trans
§ AG1 Trans
°* MBL2 Trans
B3GNT2 Trans
GNS Trans
PEARI1 Trans

-0.292
-0.248
-0.237
-0.242
0.244

-0.236
-0.232
-0.211
-0.217
-0.202
0.199

-0.196
-0.185
0.194

0.191

-0.189
-0.184

le-17
Te-13
le-12
le-12
2e-12
6e-12
2e-11
7e-10
8e-10
3e-09
1e-08
2e-08
2e-08
2e-08
5e-08
7e-08
9e-08

Emilsson, Science 2018
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ABO angk@‘flTE recurrence

«O
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\\
Table 3: Association of clinical variables and ABO haplotypes wﬁ? VT recurrence in MARTHA (prospective and ambispective) and MEGA
>
KO

MARTHA Prospective MARTHA Ambispective MEGA Meta-analysis
& MARTHA Ambispective
Variables N=839 N=1,504 1,248 & MEGA
Nb recurrencés=159 Nb recurrences=565 Nb recurrences=428
HR + SE*<S> P HR * SE P HR + SE P HR + SE P
.(\w—‘
Gender @Qq"’\
&

Men 147+0.18 0.034 1.65+0.10 4.0x107 1.81.+0.11 5.9x10 1.72 £ 0.08 3.0x10*2

Age at the first VT Q%‘&
) <2 0.91+0.06 0.105 1.08 £ 0.03 0.020 0.99+0.04 0.810 &05+0.03 0.107
(10 years increase) @ @@\
<@ &
Type of the first VT o S
@QQ N
DVT ‘,@f‘ 0.85+0.18 0.368 1.1+ 0510 0.140 TS 0.10 0.16,2)8-@ 1.16 £ 0.07 0.036
O <

Characteristic of ﬁb@oﬁrst VT (0'0@

Provoked q,Qq’ 0.69+0.19 0.059 0.99+0.11 0.920 0.61+ 0.116\;;\\00 6.7x10° 0.78 £ 0.08 1.2x10°3

©

ABO haplotypes \Q@Q

Al 1.32 £ 0.13 0.035 1.15+0.07 0.045 1.240% 0.08 0.018 1.18 £ 0.06 4.2x10°3

A2 1.13+0.26 0.644 1.27'+0.13 0.061 gg?.ll +0.13 0.409 1.19+0.09 0.062

01 Reference Reference %{??Q Reference Reference

02 1.05+0.41 0.896 1.19+0.25 0.476 &5‘\ 0.86+£0.28 0.584 1.03 +0.20 0.880

B 1.00+0.23 0.998 1.02+0.11 0.87\43'9 1.00+0.13 0.987 1.01+£0.09 0.900
* : Hazard Ratio + Robust Standard Error 3
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\/Population cas-témoins N=420 - if‘emoms donneurs EFS: age moyen 43 + 12 ans, 42% de femmes
& Cas population MARTHA: 4ge moyen 43 + 13 ans, 53% de femmes
& - Appariement age, groupe sanguin

\/Comparalson des actlvn;és GTA entre les témoins et les cas en fonction du nombre
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Hypothése: Diminution de I'activité¢ GT - baisse de la«gfycosylation = baisse des taux d’un facteur

protecteur de la TV : ex: molécules de I’inflammati%@ii_-sélectine soluble, ICAM soluble?)
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