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CASE REPORT

| Abstract |

Introduction: Hereditary Hemorrhagic Telangiectasia (HHT) is an 
autosomal dominant genetic disease characterized by the presence of 
arteriovenous malformations in the nasal mucosa, the tips of fingers, and 
sometimes in the lungs, the gastrointestinal tract, the liver, the pancreas, 
the marrow and the brain. Its treatment is based on symptomatic control 
measures, but recently, the administration of anti-vascular endothelial 
growth factor (VEGF) molecules has been proposed as a treatment 
alternative, especially in patients with recurrent bleeding. 

Case presentation: The case of a 67-year-old man diagnosed with 
HHT and suffering from potentially life-threatening gastrointestinal GI 
bleeding is presented. The patient underwent several esophagogastric 
cauterization procedures but not positive outcomes were obtained, so he 
had to go to the Emergency Service of the hospital multiple times due 
to having low levels of hemoglobin (as low as 3.5g/dL). A bevacizumab 
based treatment was started by using a novel dosage regimen consisting 
of the administration of 6 5mg/kg bevacizumab dosages every 14 days. 
During the first week of treatment, hemoglobin levels increased to  
14g/dL and the condition was stabilized.

Conclusions: The findings reported here suggest that bevacizumab 
may be a therapeutic choice to be considered when treating patients 
with recurrent and refractory GI bleeding caused by HHT. However, a 
larger sample is required to determine if administering this medication 
is safe for these patients, as well as the appropriate dosage. 
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| Resumen |

Introducción. La telangiectasia hemorrágica hereditaria (HHT) es 
una enfermedad genética autosómica dominante que se caracteriza 
por la presencia de malformaciones arteriovenosas en mucosa nasal, 
dedos y, algunas veces, pulmones, tracto gastrointestinal, hígado, 
páncreas, médula ósea y cerebro. El tratamiento se basa en el control 
sintomático, pero recientemente se ha propuesto la administración de 
moléculas anti-factor de crecimiento de endotelio vascular (VEGF), 
en especial en pacientes que presentan sangrado recurrente. 

Presentación del caso. Paciente masculino de 67 años con diagnóstico 
de telangiectasia hemorrágica hereditaria (HHT) y hemorragia 
gastrointestinal severa potencialmente mortal. El paciente recibió 
múltiples cauterizaciones esofagogástricas sin obtener respuesta, por lo 
que ingresó en múltiples oportunidades al servicio de urgencias con niveles 
de hemoglobina incluso tan bajos como 3.5g/dL. Se inició tratamiento 
con bevacizumab con un novedoso esquema de 6 dosis de 5mg/k cada 14 
días, lográndose aumentar los niveles de hemoglobina a 14g/dL durante 
la primera semana de tratamiento y estabilizando la enfermedad. 

Conclusiones. Los hallazgos sugieren que el bevacizumab puede 
ser una opción terapéutica en sangrado gastrointestinal recurrente y 
refractario secundario a HHT. Sin embargo, se requiere incluir una 
cohorte de pacientes más amplia para establecer la seguridad del 
medicamento y la dosificación apropiada para este tipo de pacientes. 

Palabras clave: Hemorragia gastrointestinal; Telangiectasia 
hemorrágica hereditaria; Bevacizumab; Neovascularización 
patológica (DeCS).
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Introducción

Hereditary Hemorrhagic Telangiectasia (HHT) or Osler-Weber-Rendu 
syndrome is a dominant inherited genetic vascular disorder that affects 
approximately 1 person every 5 000 to 10 000 individuals (1-5), 
although higher prevalence figures have been reported in several 
regions due to a founder effect. (6,7) HHT is characterized by recurrent 
nasal and gastrointestinal (GI) bleeding associated with anemia and 
the development of telangiectasias (vascular abnormalities made up 
of arterioles directly connected to dilated postcapillary venules and 
surrounded by a lymphocytic perivascular infiltration) in the lips 
and fingertips; besides when telangiectasias are large enough they 
are known as arteriovenous malformations (AVMs) (8), which may 
affect different organs and systems such as the lungs, the GI tract, the 
liver, the pancreas, the marrow and the brain. (9-11) 

HHT diagnosis must be based on the Curacao criteria, namely, 
epistaxis, telangiectasia, AVM, and family history (9,11), since if 3 
out of 4 criteria are met then diagnosis is confirmed. Nevertheless, 
when diagnosing this disorder other conditions must be considered, 
for in some cases it has been associated with pulmonary arterial 
hypertension, juvenile polyposis, pulmonary hypertension caused by 
high-output heart failure secondary to hepatic AVMs, thrombophilia 
associated with elevated plasma levels of factor VIII, and potential 
immune dysfunction, among other conditions. (9)

GI bleeding occurs in 25-33% of HHT patients, causing severe 
anemia cases in this population and making necessary frequent blood 
transfusions. HHT treatment is based on laser and pharmacological-
induced cauterization made through an endoscopy, however, this 
procedure may pose several challenges for sometimes telangiectasias 
can be found throughout the GI tract. In recent years, there have been 
several studies reporting successful outcomes in patients with HHT 
that have been treated with bevacizumab, a medication that has been 
used for treating epistaxis and hepatic bleeding in people with this 
disorder. (12-15) Also, use of bevacizumab has been described as a 
therapeutic alternative for treating refractory GI bleeding in HHT 
patients. (12,16-18) The case of a patient diagnosed with HHT and 
who was prescribed bevacizumab to treat refractory GI bleeding is 
presented here. (19)

Clinical case description

A 67year-old male patient , truck driver and father of four children 
with a history of chronic obstructive pulmonary disease, hypertension, 
diabetes mellitus, hypothyroidism, right-sided heart failure and 
diffuse GI angiodysplasia, the latter being diagnosed 11 years before 
his admission. Initially, HHT was characterized by epistaxis, skin 
telangiectases and occasional GI bleeding. The patient had undergone 
repeated nasal and esophagogastric cauterization procedures, which 
at first produced a positive response, but during the last year prior 
to his admission response to this treatment was poor and recurrent 
blood transfusions were necessary. 

In addition, he had been administered iron and tranexamic acid 
via parenteral routes, as well as given frequent transfusion support for 
managing an anemia clinical picture caused by GI angiodysplasias. 
First, response to treatment was good, but then he had to visit the 
emergency service of the hospital due to low hemoglobin levels 
(between 4 to 6 mg/dL), since treatment response during the last three 
months had been poor. Once in the emergency service it was necessary 
to give him a transfusion of 2 to 4 units of red blood cells every 2 weeks. 

After the patient’s condition was managed at the Emergency Service, 
he was referred to the external consultation service of the Hematology 
and Oncology Unit of Manuel Uribe Ángel Hospital. There, by means 

of an upper GI endoscopy layer oozing bleeding telangiectasias were 
found at the palate, the esophagus, the stomach and the duodenum, 
and cauterization was not possible in many of them (Figure 1). Bone 
marrow pathologies and intra or extravascular hemolysis were ruled 
out. In addition, other medical tests showed that the patient had hepatic 
and pulmonary AVMs causing a moderate pulmonary hypertension. 

Figure 1. Esophagogastroduodenoscopy procedure. Numerous telangiectasia 
lesions in the gastric mucosa of the patient. 
Source: Document obtained while conducting the study.

The patient was administered thalidomide (200mg/day) (orall)y and 
iron (200mg) (parenterally) 3 times per week for 2 months, but his iron 
or hemoglobin levels were not stabilized, so that he had to constantly go 
to the emergency service due to heart failure caused by severe anemia 
, making necessary the transfusion of many units of blood that in turn 
caused frequent adverse transfusion reactions.

Due to the severity of the course of the disease, the patient was 
prescribed with a pharmacological treatment consisting of bevacizumab 
5 mg/K/week biweekly x 6 applications. After one week of starting the 
treatment, hemoglobin levels increased to 14 g/dL. 

Six weeks after administering the last bevacizumab dose, the patient 
suffered a stroke in the right side of the middle cerebral artery. After 
performing an echocardiogram a patent foramen ovale, as well as right 
carotid artery stenosis (36%) and left carotid artery stenosis (52%), both 
with low emboligenic potential, were observed. As a consequence of 
the stroke, the patient developed mild aphasia but he had a progressive 
recovery in this regard. 

Given the hemoglobin levels stability achieved with the use 
of antiangiogenic drugs, secondary prophylaxis consisting of the 
administration of acetylsalicylic acid (100mg/day) was started, but 
after one week severe anemia reappeared. Bearing in mind the recent 
cerebrovascular accident the patient had suffered, platelet antiaggregation 
therapy was suspended and frequent transfusion support was provided.

The patient was discharged after suspending the treatment, but 
he attended the emergency service multiple times with a clinical 
picture of severe anemia and critical hemoglobin levels (3g/dL), 
so after considering that the risk of death due to severe anemia was 
greater than the potential risk of experiencing a new cerebrovascular 
accident, bevacizumab therapy was restarted by administering the 
same dose (5mg/kg), yet only 3 doses every 2 weeks were used. 
Normal hemoglobin levels were reached immediately, but every 4 
to 6 weeks they are critically low, so that so far it has been necessary 
to administer 3 biweekly bevacizumab cycles for the patient to 
maintain normal hemoglobin levels and achieve blood transfusion 
independence (Figure 2).
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Currently, the patient is receiving infusions of bevacizumab every 4-6 
months based on his hemoglobin levels, which have been maintained 
at an average level of 12mg/dL. When hemoglobin descends to 
approximately 10mg/dL, an infusion of bevacizumab 5mg/kg EV, 3-4 
doses, every 2 weeks is ordered. So far, the patient has remained stable 
and has not required blood transfusions.

Discussion

HHT is a highly penetrant genetic disease that manifests with varying 
symptoms depending on the age of the individual at the time of its 
development. If HHT occurs during the first years of life, some of the 
symptoms are only observed in 50% of HHT patients, yet in people 40 
years old or older, 90% of the cases patients met the diagnosis criteria 
(epistaxis, telangiectasia, AVM, and family history). (20) At younger 
ages (<30y) the occurrence of small size lesions in the dermis and the 
mucosa is frequent, and later telangiectasias appear on the hands, the 
face and the oral cavity. (21) Likewise, a family history of recurrent 
nosebleed and having telangiectasias specifically on the lips, the face, 
and the hands help differentiating HHT from other vascular dysplasias 
or an isolated AVM. (22)

It has been reported that although in 80% of HHT patients 
telangiectasias occur in the GI, only 25-33% develops symptomatic 
GI bleeding resulting in severe anemia and a high demand of blood 
transfusion. (23) GI bleeding usually does not occur until patients are 
in their 50s or 60s; in fact it has been described that this condition is 
rarely developed in people diagnosed with HHT and who are younger 
than 40 years of age. (23) It is worth noting that GI bleeding caused 
by HHT increases dependency on blood transfusions, morbidity and 
mortality rates. (22)

Currently, esophagogastroduodenoscopy is used to diagnose HHT 
and it is considered the gold standard test for finding GI bleeding in 
these patients. Through this test it is even possible to predict the risk 
of developing jejunal telangiectasias. (24) HHT treatment is based 
on the administration of iron (orally or parenterally), together with 
the prescription of hormone therapy drugs (oestrogen/progesterone 
preparations or danacrine), antifibrinolytics (aminocaproic acid or 
tranexamic acid), and other medications such as tamoxifen, interferon, 

thalidomide and sirolimus (only reported in isolated case reports), as 
well as endoscopic cauterization. (23,25-30)

In recent years, several genetic alterations associated with HHT 
have been described, so that genetic assessment and counseling is 
a must for the diagnosis of HHT in most patients. (9) However, the 
pathophysiological mechanisms that underlie the pathogenesis of this 
disease are not yet fully understood. There are three genes involved in 
its development: Endoglin, ACRVL1 and Smad4. These genes code 
for proteins involved in the regulation of the development, maturation 
and repair of blood vessels by means of their transforming growth 
factor beta (TGF-β) signaling pathway function, so that they play an 
important role in HHT pathogenesis. (31)

Angiogenesis is the process through which new blood vessels 
form from pre-existing vessels. This process is regulated by proteins 
like TGF- β and vascular endothelial growth factor (VEGF). TGF- β 
proteins family is involved in cellular proliferation, differentiation, 
and migration, as well as in extracellular matrix production, while 
VEGF sub-family induces mitotic activity in endothelial cells. In this 
regard it has been suggested that HHT is a multisystem angiogenesis 
disorder caused by the overexpression of VEGF, TGF-β1 and ALK1 
proteins, and by alterations in other factors yet to be identified. (32)

In addition, endoglin gene mutations are responsible for 
approximately 50% of HHT cases. (33) This gen codes for a 
transmembrane glycoprotein mainly expressed in endothelial cells, 
as well as in the syncytiotrophoblast, activated monocytes and tissue 
macrophages. Endoglin is known for being a co-receptor of TGF-β 
complexes and its involvement in cell-to-cell and cell-extracellular 
matrix interactions, which play a critical role in vascular biology. 
Also, it has been reported that human endoglin gen plays an important 
role in trauma induced vascular repair, which would be of great 
importance in unveiling HHT pathogenesis, for in patients with HHT 
and endoglin mutations, injured vascular tissue proper repair is hard 
to achieve, and as a consequence their capillary network disappears, 
and an arteriovenous fistula is produced. (33)

On the other hand, ALK1 protein is a transmembrane receptor which 
is activated by its binding to BMP9 and BMP10 proteins. Once it is 
activated, a complex formed by ALK1, endoglin and a type II receptor 
is established. This complex induces Smad1/5/8 phosphorylation, 
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which in turn produces its own activation and translocation to the 
nucleus, where it activates the transcription of BMP related genes 
that are essential for embryonic processes of vascular formation and 
remodeling. (34)

Finally, SMAD4 gene mutations have been described in less than 2% 
of patients diagnosed with HHT. (35) Smad4 protein is also involved in 
TGF-β and BMP signaling pathways, where it is the common protein 
for both pathways in most transcription responses. (35)

Detailed pathogenic mechanisms on how mutations in these 
genes lead to developing AVMs are not completely clear. Recently, 
it has been described that ALK signaling regulates angiogenesis by 
inhibiting endothelial cell migration, growth, sprouting, and in vivo 
neo-angiogenesis, as well as VEGF expression in endothelial cells. 
(36-38) Based on these data, it is possible to suggest that therapies 
designed for preventing blood vessels formation may be beneficial 
for people with HHT.

One of the therapeutic approaches based on HHT pathogenesis 
is the use of bevacizumab, a humanized monoclonal antibody that 
identifies and neutralizes all VEGF-A isoforms. Increased plasma 
VEGF levels have been reported in these patients (31), therefore 
the use of bevacizumab would be recommended. (31) However, a 
standard dosage amount has not yet been reached, besides there have 
been several reports in which an association between bevacizumab 
administration and systemic arterial hypertension and the recurrence 
or worsening of epistaxis occurs. (17) Also, it has been reported that 
bevacizumab treatment discontinuation might lead to a rebound effect, 
even to the development of hemorrhagic shock. (16,17)

Conclusion

This report presents the case of a patient with refractory gastrointestinal 
bleeding associated with HHT and how bevacizumab treatment 
resulted in a positive outcome. However, it is still necessary to 
determine bevacizumab action mechanism in HHT and the optimal 
treatment length to prevent recurrence of bleeding episodes and other 
reported complications. Given the clinical evolution and the chronic 
and permanent nature of angiodysplasias, indefinite and intermittent 
use of angiogenesis inhibitors every 4 to 6 weeks in patients with 
complex GI episodes is recommended.

Ethical considerations

The patient, through an informed consent form, approved the use of 
his data in the present study.

Conflicts of interest

None stated by the authors.

Funding

None stated by the authors.

Acknowledgements

None stated by the authors. 

References

1. Marchuk DA, Guttmacher AE, Penner JA, Ganguly P. Report on the 
workshop on Hereditary Hemorrhagic Telangiectasia, July 10-11, 1997. 
Am J Med Genet. 1998;76(3):269-73. http://doi.org/bg4mkp. 

2. Kjeldsen AD, Vase P, Green A. [Hereditary hemorrhagic telangiectasia. a 
population-based study on prevalence and mortality among Danish HHT 
patients]. Ugeskr Laeger. 2000 [cited 2016 May 16];162(25):3597-601. 
Available from: https://bit.ly/2P3J3E0. 

3. Kjeldsen AD, Vase P, Green A. Hereditary haemorrhagic telangiectasia: 
a population-based study of prevalence and mortality in Danish patients. 
J Intern Med. 1999;245(1):31-9. http://doi.org/cch38m. 

4. Dakeishi M, Shioya T, Wada Y, Shindo T, Otaka K, Manabe M, et al. 
Genetic epidemiology of hereditary hemorrhagic telangiectasia in a local 
community in the northern part of Japan. Hum Mutat. 2002;19(2):140-8. 
http://doi.org/bswk2j. 

5. Donaldson JW, McKeever TM, Hall IP, Hubbard RB, Fogarty AW. 
The UK prevalence of hereditary haemorrhagic telangiectasia and its 
association with sex, socioeconomic status and region of residence: a 
population-based study. Thorax. 2014;69(2):161-7. http://doi.org/f5qhwc. 

6. Westermann CJ, Rosina AF, De Vries V, de Coteau PA. The preva-
lence and manifestations of hereditary hemorrhagic telangiectasia in 
the Afro-Caribbean population of the Netherlands Antilles: a family 
screening. Am J Med Genet A. 2003;116A(4):324-8. http://doi.org/bfs229. 

7. Lesca G, Genin E, Blachier C, Olivieri C, Coulet F, Brunet G, et al. 
Hereditary hemorrhagic telangiectasia: evidence for regional founder effects 
of ACVRL1 mutations in French and Italian patients. Eur J Hum Genet. 
2008;16(6):742-9. http://doi.org/b4kwbg. 

8. Longacre AV, Gross CP, Gallitelli M, Henderson KJ, White RI Jr, 
Proctor DD. Diagnosis and management of gastrointestinal bleeding in 
patients with hereditary hemorrhagic telangiectasia. Am J Gastroenterol. 
2003;98(1):59-65. http://doi.org/bjwn8b. 

9. Shovlin CL. Hereditary haemorrhagic telangiectasia: Pathophysiology, diag-
nosis and treatment. Blood Rev. 2010;24(6):203-19. http://doi.org/dsqzq4. 

10. Guttmacher AE, Marchuk DA, White RI Jr. Hereditary hemorrhagic te-
langiectasia. N Engl J Med. 1995;333(14):918-24. http://doi.org/dxhd5p. 

11. Shovlin CL, Guttmacher AE, Buscarini E, Faughnan ME, Hyland 
RH, Westermann CJ, et al. Diagnostic criteria for hereditary hemorr-
hagic telangiectasia (Rendu-Osler-Weber syndrome). Am J Med Genet. 
2000;91(1):66-7. http://doi.org/dhzf22. 

12. Epperla N, Hocking W. Blessing for the bleeder: bevacizumab in 
hereditary hemorrhagic telangiectasia. Clin Med Res. 2015;13(1):32-5. 
http://doi.org/f7kgdc. 

13. Thompson AB, Ross DA, Berard P, Figueroa-Bodine J, Livada N, 
Richer SL. Very low dose bevacizumab for the treatment of epistaxis 
in patients with hereditary hemorrhagic telangiectasia. Allergy Rhinol. 
2014;5(2):91-5. http://doi.org/gcbsdn. 

14. Dupuis-Girod S, Ginon I, Saurin JC, Marion D, Guillot E, Decullier 
E, et al. Bevacizumab in patients with hereditary hemorrhagic telangiec-
tasia and severe hepatic vascular malformations and high cardiac output. 
JAMA. 2012;307(9):948-55. http://doi.org/c4fn. 

15. Chavan A, Schumann-Binarsch S, Luthe L, Nickau B, Elsässer A, 
Kühnel T, et al. Systemic therapy with bevacizumab in patients with 
hereditary hemorrhagic telangiectasia (HHT). Vasa. 2013;42(2):106-10. 
http://doi.org/c4fp. 

16. Lupu A, Stefanescu C, Treton X, Attar A, Corcos O, Bouhnik Y. Beva-
cizumab as rescue treatment for severe recurrent gastrointestinal bleeding in 
hereditary hemorrhagic telangiectasia. J Clin Gastroenterol. 2013;47(3):256-
7. http://doi.org/f4kjrf. 

17. Sehl ME, Gruber TM, McWilliams JP, Marder VJ. Successful ma-
nagement of chronic gastrointestinal hemorrhage using bevacizumab 
in the setting of hereditary hemorrhagic telangiectasia. Am J Hematol. 
2015;90(6):561-3. http://doi.org/c4fq. 

18. Wee JW, Jeon YW, Eun JY, Kim HJ, Bae SB, Lee KT. Hereditary he-
morrhagic telangiectasia treated with low dose intravenous bevacizumab. 
Blood Res. 2014;49(3):192-5. http://doi.org/gb89gj. 

19. Castillo E, Prada-Arismendy J. Bevacizumab as treatment in refrac-
tory hereditary haemorrhagic telangiectasia. In: 21st Congress of the 



535Rev. Fac. Med. 2019 Vol. 67 No. 3: 531-5

European Hematology Association. Copenhage: European Hematology 
Association; 2016. 

20. Aassar OS, Friedman CM, White RI Jr. The natural history of epistaxis in 
hereditary hemorrhagic telangiectasia. Laryngoscope. 1991;101(9):977-80. 
http://doi.org/d7jhhz. 

21. Plauchu H, de Chadarévian JP, Bideau A, Robert JM. Age-related 
clinical profile of hereditary hemorrhagic telangiectasia in an epide-
miologically recruited population. Am J Med Genet. 1989;32(3):291-7. 
http://doi.org/bfxmpb. 

22. McDonald J, Bayrak-Toydemir P, Pyeritz RE. Hereditary hemorrhagic 
telangiectasia: an overview of diagnosis, management, and pathogenesis. 
Genet Med. 2011;13(7):607-16. http://doi.org/ckp3mb. 

23. Faughnan ME, Palda VA, Garcia-Tsao G, Geisthoff UW, McDonald 
J, Proctor DD, et al., HHT Foundation International. International gui-
delines for the diagnosis and management of hereditary haemorrhagic 
telangiectasia. J Med Genet. 2011;48(2):73-87. http://doi.org/bt88cp. 

24. Proctor DD, Henderson KJ, Dziura JD, Longacre AV, White RI Jr. En-
teroscopic evaluation of the gastrointestinal tract in symptomatic patients 
with hereditary hemorrhagic telangiectasia. J Clin Gastroenterol. 2005 
[cited 2016 Sep 20];39(2):115-9. Available from: https://bit.ly/2IeqJaN. 

25. Van Cutsem E, Rutgeerts P, Vantrappen G. Treatment of bleeding gas-
trointestinal vascular malformations with oestrogen-progesterone. Lancet. 
1990;335(8695):953-5. http://doi.org/cp8z8n. 

26. Haq AU, Glass J, Netchvolodoff CV, Bowen LM. Hereditary hemo-
rrhagic telangiectasia and danazol. Ann Intern Med. 1988;109(2):171. 
http://doi.org/c4ft. 

27. Korzenik JR, Topazian MD, White R. Treatment of bleeding in here-
ditary hemorrhagic telangiectasia with aminocaproic acid. N Engl J Med. 
1994;331(18):1236. http://doi.org/bqk22q. 

28. Bown SG, Swain CP, Storey DW, Collins C, Matthewson K, Salmon 
PR, et al. Endoscopic laser treatment of vascular anomalies of the upper 
gastrointestinal tract. Gut. 1985;26(12):1338-48. http://doi.org/fm27gg. 

29. Sargeant IR, Loizou LA, Rampton D, Tulloch M, Bown SG. Laser 
ablation of upper gastrointestinal vascular ectasias: long term results. 
Gut. 1993;34(4):470-5. http://doi.org/btxkng. 

30. Gostout CJ, Bowyer BA, Ahlquist DA, Viggiano TR, Balm RK. Mu-
cosal vascular malformations of the gastrointestinal tract: clinical obser-
vations and results of endoscopic neodymium: yttrium-aluminum-garnet 
laser therapy. Mayo Clin Proc. 1988;63(10):993-1003. http://doi.org/c4fv. 

31. McDonald J, Wooderchak-Donahue W, VanSant Webb C, Whitehead 
K, Stevenson DA, Bayrak-Toydemir P. Hereditary hemorrhagic telan-
giectasia: genetics and molecular diagnostics in a new era. Front Genet. 
2015;6:1-8. http://doi.org/c4fw. 

32. Sadick H, Riedel F, Naim R, Goessler U, Hörmann K, Hafner M, et al. 
Patients with hereditary hemorrhagic telangiectasia have increased plasma 
levels of vascular endothelial growth factor and transforming growth fac-
tor-beta1 as well as high ALK1 tissue expression. Haematologica. 2005 
[cited 2017 Jan 19];90(6):818-28. Available from: https://bit.ly/2KDhQJA. 

33. Rossi E, Lopez-Novoa JM, Bernabeu C. Endoglin involvement in inte-
grin-mediated cell adhesion as a putative pathogenic mechanism in heredi-
tary hemorrhagic telangiectasia type 1 (HHT1). Front Genet. 2015;5:457. 
http://doi.org/c4fx. 

34. Peacock HM, Caolo V, Jones EA. Arteriovenous malformations in 
hereditary haemorrhagic telangiectasia: looking beyond ALK1-NOTCH 
interactions. Cardiovasc Res. 2016;109(2):196-203. http://doi.org/f793hg. 

35. Shioda T, Lechleider RJ, Dunwoodie SL, Li H, Yahata T, de Caestecker 
MP, et al. Transcriptional activating activity of Smad4: Roles of SMAD 
hetero-oligomerization and enhancement by an associating transactivator. 
Proc Natl Acad Sci USA. 1998;95(17):9785-90. http://doi.org/cpbrwz. 

36. David L, Mallet C, Mazerbourg S, Feige JJ, Bailly S. Identification of 
BMP9 and BMP10 as functional activators of the orphan activin recep-
tor-like kinase 1 (ALK1) in endothelial cells. Blood. 2007;109(5):1953-
61. http://doi.org/bhgx26. 

37. David L, Mallet C, Keramidas M, Lamandé N, Gasc JM, Dupuis-Gi-
rod S, et al. Bone Morphogenetic Protein-9 Is a Circulating Vascular 
Quiescence Factor. Circ Res. 2008;102(8):914-22. http://doi.org/fhzjwd. 

38. Scharpfenecker M, van Dinther M, Liu Z, van Bezooijen RL, Zhao 
Q, Pukac L, et al. BMP-9 signals via ALK1 and inhibits bFGF-induced 
endothelial cell proliferation and VEGF-stimulated angiogenesis. J Cell 
Sci. 2007;120:964-72. http://doi.org/dndscs.



Jean-Baptiste Marc Bourgery. (1797- 1849)
“Traité complet de l’anatomie de l’homme: comprenant 

la médecine operatoire”


