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Venous Thromboembolism (VTE) 

•  It is a common, lethal disorder that affects hospitalized and non-
hospitalized patients with over 350,000 incident cases per year 
in the US. 

 
•  Survival after PE is worse than expected. One quarter  of PE 

patients present as sudden death. 
 
•  VTE incidence  is about 1 per 1000 person-years between 1981 

and 2000 and increased over 5-year period 2001-2005. 

Silverstein et al. Arch Int Med 1998  
Heit et al. Mayo Clin Proc 2001  
Heit  J Throm Thrombolysis 2006   



Venous Thromboembolism (VTE) 

•  VTE  includes both Deep Vein Thrombosis (DVT) and  
Pulmonary Embolism (PE). 

•  Deep Vein Thrombosis (DVT) is a blood clot that forms in a vein 
deep in the body. Blood clots occur when blood thickens and 
clumps together. Most of the deep vein blood clots occur in he 
lower leg or thigh, and they can also occur in other parts of the 
body.  

•  Pulmonary Embolism  (PE) is a blockage in one of the 
pulmonary arteries in the lungs. In the majority of the cases, PE 
is caused by blood clots that travel to the lungs from the legs, or 
rarely from other parts of  body (DVT). 

•  VTE is usually defined as DVT and PE±DVT. 

 



 
Symptoms 
Pain areas: calf, foot or leg 
Also common: swelling in 
extremities, tenderness, or 
warm skin 
 
Treatments 
Blood thinners 
Lifestyle: Compression 
stockings 

Deep Venous Thrombosis (DVT) 



Pulmonary Embolism (PE) 

 
Symptoms:   
Shortness of breath, 
chest pain, and 
cough. 
 
Treatment: 
Blood thinner.s 



Risk Factors 

•  Idiopathic VTE is an unprovoked VTE and it is not 
associated with any risk risk factors. About 25% to 
50% of patients with first-time VTE have an idiopathic 
VTE. 

•  Un-idiopathic VTE is a provoked VTE due to cancer, 
hospitalization, pregnancy, post-partum, hormone 
replacement therapy, surgery among others. 

•  The known genetic risk factors are factor V (F5) 
Leiden (rs6025) on 1q23, prothrombin gene (F2) 
G20210A on 11p11, and non-O blood type (8176719) 
on 9q34.1-q34.2. 

Heit et al. 2015 



•  The two main mechanisms are loss-of-function of 
anticoagulant proteins and gain-of-functions of 
procoagulants.  

•  The latter is due to increased synthesis or impaired 
downregulation of a normal protein or to synthesis of 
a functionally hyperactive molecule. 

•  The risk of recurrent VTE is increased in 
anticoagulant-deficient patients and in homozygotes 
for gain-of-function mutations. 

•  In families with thrombophilia and VTE, primary 
antithrombotic prophylaxis during risk situations 
lowers the rate of incident VTE. 

cont. 

Martinelli et al. 2014 
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SVT = Superficial Vein Thrombosis 
DVT = Deep Venous Thrombosis 
PE = Pulmonary Embolism 
VTE = Venous Thromboembolism 
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Dominant 
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Info-
Dominant 

Position-
Dominant Marker-Dominant 

Max Par. 
HLOD-
Recessive Max Par. Info-Recessive 

Position-
Recessive 

Marker-
Recessive Max NPL BP-NPL Marker-NPL genes 

1 0 0.92126 798959 1.798959 0 0.92126 798959 1.798959 0.126 5358384 1.5358384 

2 0.6994 0.87941 1.08E+08 2.108019522 0 0.93095 29350 2.2935 0.209 1.08E+08 2.1080195 

3 0 0.85782 105793 3.105793 0 0.85782 105793 3.105793 0.511 9218727 3.9218727 

4 1.2072 0.92698 1.08E+08 4.107603453 0.7524 0.92698 1.08E+08 4.107603453 0.564 1.08E+08 4.1076035 

5 0.8605 0.87386 1.5E+08 5.149689401 0 0.84242 75167 5.75167 0.378 164193 5.164193 

6 0 0.90022 206599 6.206599 0.7614 0.93741 3958190 6.395819 0.571 2885930 6.288593 

7 0 0.93155 62338 7.62338 0 0.93155 62338 7.62338 0.113 1.06E+08 7.1059957 

8 2.2172 0.88001 1.23E+08 8.122516874 0.7614 0.93749 77640595 8.77640595 0.571 56886184 8.5688618 SNTB1, HAS2 

9 0.2181 0.93729 428706 9.428706 0 0.93178 46587 9.46587 0.512 880777 9.880777 

10 0 0.89858 135708 10.135708 0.5468 0.87511 37973308 10.37973308 0.259 37812532 10.378125 

11 0 0.87168 199256 11.199256 0.0181 0.91981 1.16E+08 11.11618783 0.127 1.16E+08 11.116323 

12 0 0.93749 218588 12.218588 0.7579 0.9375 59465715 12.59465715 0.571 59046845 12.590468 

13 0 0.92786 19168981 13.19168981 0.7916 0.9375 31904694 13.31904694 0.571 37385882 13.373859 

14 0 0.85258 20403909 14.20403909 0 0.85258 20403909 14.20403909 0.113 83263031 14.83263 

15 2.2172 0.93727 47002318 15.47002318 0.7614 0.93747 99033438 15.99033438 0.511 27200942 15.272009 GATM,SQRDL,BLOC1S6,SEMA6D 

16 0.5014 0.80307 54691273 16.54691273 0.6719 0.89086 11333849 16.11333849 0.559 11333849 16.113338 

17 2.2172 0.93742 37355066 17.37355066 0.7515 0.92441 60142971 17.60142971 0.567 59820068 17.598201 
KANSL1 
(KIAA1267) , CRHR1 

18 0 0.88571 159382 18.159382 0.7579 0.93723 12768846 18.12768846 0.35 12643193 18.126432 

19 2.0924 0.88304 35643940 19.3564394 0.7579 0.9373 47536166 19.47536166 0.571 47323384 19.473234 

20 1.2178 0.93691 7016222 20.7016222 0.1274 0.85401 7992466 20.7992466 0.518 7992466 20.799247 

21 0 0.85334 14669931 21.14669931 0 0.85334 14669931 21.14669931 -0.014 47036019 21.47036 

22 0 0.85701 16855618 22.16855618 0 0.85701 16855618 22.16855618 -0.008 38522887 22.385229 

proportion of linkage families since it is only one the proportion is between 0 and 1 

model assumes prevalence of disease of 0.0001, and a dominant model with 0.90 penetrance 

Linkage Analysis results using PVAAST  
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The 17q21.31 haplotype plays a role in the affected members in the family except for the D01 member that is the 
control for this family.  This is a megabase-long inversion polymorphism has many uncharacterized CNVs and 
markers that are associate with female fertility, meiotic recombination and neurological disease. This inverted H2 
form of 17q21.31 appears to be positively selected in Europeans. Nine segregating structural form of 17q21.31 
were identified. The independently derived, partial duplications of the KANSL1 gene; and their allele frequencies 
have risen to high allele frequency (26% and 19%) in Europeans.                                             
                                                                                  Boettger LM et al. Nat Genet.;44(8):881-885.                                                                                
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FO1 is the son of D01, both do not have VTE, but F01 is carrier from the mother, A02. He has  
CNV event without loss of heterozygosity (he has the deletion from the mother and normal  
from the father, D01).  The sisters, C02 and A02, have the deletion in 17q21.31. Both of the,  
have CNV with loss of heterozygosity. 
 
Across the TOPMed VTE samples 4.7% have CNV similar to C02 and 34.9% similar to F01. 





In the MayoTOPMed samples, 39.6% has similar feature as the middle and bottom 
panels (n=1355).  









Corticotropin-releasing hormone receptor 1 (CRHR1) 

The human CRHR1 contains 14 exons over 20kb of DNA, and its full gene product is a 
peptide composed of 44 amino acids. This gene is alternatively spliced into a series of 
variants, which are generated through deletion of one of the 14 exons that may causes 
a frame-shift in the open reading frame enconde corresponding isoforms of CRF1. 




