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Abstract
Increased thrombotic potential within the liver sinusoids due to local endothelial production of von Willebrand factor antigen macromolecules could represent an additional therapeutic target of portal hypertension in patients with cirrhosis. In this case, anti-inflammatory and antithrombotic drugs could modulate portal pressure by preventing the formation of intrahepatic platelet-induced microthrombi.
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Core tip: The purpose of this letter to the Editor is to comment on the potential contribution of increased intrahepatic levels of von Willebrand factor as an additional mechanism that could be related to increased portal pressure in patients with cirrhosis and propose drugs which could decrease portal pressure on the basis of von Willebrand factor’s production or effects. 
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TO THE EDITOR
We read with great interest the article by Garbuzenko[1] on the pharmacotherapy of cirrhosis associated portal hypertension (PH) on the basis of its pathogenetic mechanisms. We fully agree that the major advances that have been made the recent years in our understanding of the pathophysiology of PH need to be translated into novel therapeutic strategies for the reversal of increased portal pressure. In his review, the author highlighted intrahepatic endothelial dysfunction (ED) and endotoxinemia associated with bacterial translocation (BT) as important targets of future treatment of cirrhosis associated PH. Indeed, a large body of evidence suggests that sinusoidal ED is a key mediator of the pathogenesis of increased intrahepatic vascular resistance via a number of mechanisms which synergistically result in decreased hepatic nitric oxide (NO) production[2,3]. On the other hand, BT-related exposure to bacterial products and activation of cytokine cascade, which increase along with the severity of cirrhosis, are thought to play a dual causal role in PH by inducing downstream effects on intrahepatic NO synthesis[3,4] while, in contrast, stimulate NO production in the splanchnic arterial bed with a subsequent increase in portal venous inflow[5]. 
Apart from NO, the platelet adhesive protein von Willebrand factor antigen (vWF-Ag) has been proposed as a valuable indicator of ED in patients with cirrhosis[6,7]. vWF-Ag is produced and released as ultralarge multimers by activated endothelial cells in several vascular ED disorders[8,9], including inflammatory states[10]. Interestingly, vWF immunostaining is usually positive in large vessels but negative in the sinusoidal endothelial cells in the normal state[11]. On the occurrence of cirrhosis the sinusoidal endothelial cell becomes positive for vWF[12,13], presumably in association with the capillarization of hepatic sinusoids[14]. Based on accumulating data, it can be suggested that vWF-Ag may be a factor which initially links BT-related inflammation and intrahepatic ED, and subsequently predisposes to portal microthombosis with possible clinical implications in future therapeutic approaches to PH.
Circulating vWF-Ag levels have been found to be markedly elevated in patients with cirrhosis. Similarly to BT-related inflammation, plasma levels of vWF-Ag are significantly correlated with the severity of liver disease and PH[7,13,15]. A previous report by Ferro et al demonstrated that endotoxemia is strongly correlated with plasma levels of vWF-Ag in the setting cirrhosis[7]. It is also known that on the occurrence of superimposed systemic inflammation in patients with cirrhosis, plasma levels of vWF-Ag increase according to the degree of inflammatory response[16]. In this regard, endotoxin in a dose-dependent manner[7], and inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α), interleukin (IL)-1 and IL-8, have been shown to stimulate the release of vWF-Ag from activated endothelial cells[17,18]. Further, the administration of nonabsorbable antibiotics in patients with cirrhosis caused a significant decrease of vWF-Ag plasma levels concomitantly with the decrease of endotoxemia[7]. vWF-Ag is cleaved by the protease ADAMTS13, which is mainly synthesized in the liver[19], into smaller forms which are less potent than the macromolecules in mediating platelet adhesion and aggregation[20]. The inflammatory cytokines TNF-α, IL-4, and IL-8 have been found to suppress ADAMTS13 synthesis in hepatic stellate cells and endothelial cells[18,21], which may contribute to the reduced levels of ADAMTS13 reported in cirrhosis[22].
It can therefore be suggested that increasing BT-mediated inflammatory responses as liver disease progresses predispose to accumulation of vWF-Ag multimers within the liver microcirculation thus enhancing platelet adhesion and aggregation to the sinusoidal endothelium despite the thrombocytopenic conditions of cirrhosis. This could lead to intrahepatic formation of platelet-induced microthrombi, progressive occlusion of portal microvasculature, and intensification of PH. BT-related release of inflammatory cytokines, such as TNF-α and IL-1, could potentiate the prothombotic state produced by vWF-Ag macromolecules within the cirrhotic liver by downregulating hepatic synthesis of protein C[23]. Intrahepatic microthrombi have been demonstrated in patients with cirrhosis and have been associated with accelerated liver fibrogenesis[24], which could further increase portal pressure. Microvascular occlusion of portal vein branches by platelet-rich thrombi due to inflammation stimulated elevation of vWF-Ag levels and decrease in ADAMTS13 activity has also been implicated in the pathogenesis of non-cirrhotic intrahepatic PH[25].
From a clinical point of view, higher concentrations of vWF-Ag levels in plasma[7,13,15] and in liver tissue[13] have been related to more severe PH and increased incidence of decompensation in patients with cirrhosis. Further, we have recently demonstrated in these patients that high levels of thrombin-antithrombin complexes, as a marker of hypercoagulability, was independently associated with major PH-related events, such as new-onset ascites and variceal bleeding, which could be related to the presence of thrombogenic mechanisms operative within the cirrhotic liver[26].
Consequently, available data suggest that increased thrombotic potential within the liver sinusoids due to high concentrations of vWF-Ag macromolecules could represent an additional therapeutic target of PH in patients with cirrhosis. In this case, anti-inflammatory and antithrombotic drugs could modulate portal pressure by preventing the formation of intrahepatic platelet-induced microthrombi.


REFERENCES
1 Garbuzenko DV. Contemporary concepts of the medical therapy of portal hypertension under liver cirrhosis. World J Gastroenterol 2015; 21: 6117-6126 [PMID: 26034348 DOI: 10.3748/wjg.v21.i20.6117]
2 Vairappan B. Endothelial dysfunction in cirrhosis: Role of inflammation and oxidative stress. World J Hepatol 2015; 7: 443-459 [PMID: 25848469 DOI: 10.4254/wjh.v7.i3.443]
3 Mehta G, Gustot T, Mookerjee RP, Garcia-Pagan JC, Fallon MB, Shah VH, Moreau R, Jalan R. Inflammation and portal hypertension - the undiscovered country. J Hepatol 2014; 61: 155-163 [PMID: 24657399 DOI: 10.1016/j.jhep.2014.03.014]
4 Wiest R, Lawson M, Geuking M. Pathological bacterial translocation in liver cirrhosis. J Hepatol 2014; 60: 197-209 [PMID: 23993913 DOI: 10.1016/j.jhep.2013.07.044]
5 Bellot P, García-Pagán JC, Francés R, Abraldes JG, Navasa M, Pérez-Mateo M, Such J, Bosch J. Bacterial DNA translocation is associated with systemic circulatory abnormalities and intrahepatic endothelial dysfunction in patients with cirrhosis. Hepatology 2010; 52: 2044-2052 [PMID: 20979050 DOI: 10.1002/hep.23918]
6 Albornoz L, Alvarez D, Otaso JC, Gadano A, Salviú J, Gerona S, Sorroche P, Villamil A, Mastai R. Von Willebrand factor could be an index of endothelial dysfunction in patients with cirrhosis: relationship to degree of liver failure and nitric oxide levels. J Hepatol 1999; 30: 451-455 [PMID: 10190728 DOI: 10.1016/S0168-8278(99)80104-4]
7 Ferro D, Quintarelli C, Lattuada A, Leo R, Alessandroni M, Mannucci PM, Violi F. High plasma levels of von Willebrand factor as a marker of endothelial perturbation in cirrhosis: relationship to endotoxemia. Hepatology 1996; 23: 1377-1383 [PMID: 8675154 DOI: 10.1002/hep.510230613]
8 Iwakiri Y, Groszmann RJ. Vascular endothelial dysfunction in cirrhosis. J Hepatol 2007; 46: 927-934 [PMID: 17391799 DOI: 10.1016/j.jhep.2007.02.006]
9 Lip GY, Blann A. von Willebrand factor: a marker of endothelial dysfunction in vascular disorders? Cardiovasc Res 1997; 34: 255-265 [PMID: 9205537 DOI: 10.1016/S0008-6363(97)00039-4]
10 McGill SN, Ahmed NA, Christou NV. Increased plasma von Willebrand factor in the systemic inflammatory response syndrome is derived from generalized endothelial cell activation. Crit Care Med 1998; 26: 296-300 [PMID: 9468168 DOI: 10.1097/00003246-199802000-00031]
11 Hollestelle MJ, Thinnes T, Crain K, Stiko A, Kruijt JK, van Berkel TJ, Loskutoff DJ, van Mourik JA. Tissue distribution of factor VIII gene expression in vivo--a closer look. Thromb Haemost 2001; 86: 855-861 [PMID: 11583319]
12 Knittel T, Neubauer K, Armbrust T, Ramadori G. Expression of von Willebrand factor in normal and diseased rat livers and in cultivated liver cells. Hepatology 1995; 21: 470-476 [PMID: 7531171 DOI: 10.1002/hep.1840210231]
13 Wu H, Yan S, Wang G, Cui S, Zhang C, Zhu Q. von Willebrand factor as a novel noninvasive predictor of portal hypertension and esophageal varices in hepatitis B patients with cirrhosis. Scand J Gastroenterol 2015; 50: 1160-1169 [PMID: 25877661 DOI: 10.3109/00365521.2015.1037346]
14 Urashima S, Tsutsumi M, Nakase K, Wang JS, Takada A. Studies on capillarization of the hepatic sinusoids in alcoholic liver disease. Alcohol Alcohol Suppl 1993; 1B: 77-84 [PMID: 7516164]
15 Ferlitsch M, Reiberger T, Hoke M, Salzl P, Schwengerer B, Ulbrich G, Payer BA, Trauner M, Peck-Radosavljevic M, Ferlitsch A. von Willebrand factor as new noninvasive predictor of portal hypertension, decompensation and mortality in patients with liver cirrhosis. Hepatology 2012; 56: 1439-1447 [PMID: 22532296 DOI: 10.1002/hep.25806]
16 Acevedo J, Fernández J. New determinants of prognosis in bacterial infections in cirrhosis. World J Gastroenterol 2014; 20: 7252-7259 [PMID: 24966596 DOI: 10.3748/wjg.v20.i23.7252]
17 Schorer AE, Moldow CF, Rick ME. Interleukin 1 or endotoxin increases the release of von Willebrand factor from human endothelial cells. Br J Haematol 1987; 67: 193-197 [PMID: 3499929 DOI: 10.1111/j.1365-2141.1987.00193.x]
18 Bernardo A, Ball C, Nolasco L, Moake JF, Dong JF. Effects of inflammatory cytokines on the release and cleavage of the endothelial cell-derived ultralarge von Willebrand factor multimers under flow. Blood 2004; 104: 100-106 [PMID: 15026315 DOI: 10.1182/blood-2004-01-0107]
19 Uemura M, Tatsumi K, Matsumoto M, Fujimoto M, Matsuyama T, Ishikawa M, Iwamoto TA, Mori T, Wanaka A, Fukui H, Fujimura Y. Localization of ADAMTS13 to the stellate cells of human liver. Blood 2005; 106: 922-924 [PMID: 15855280 DOI: 10.1182/blood-2005-01-0152]
20 Fujikawa K, Suzuki H, McMullen B, Chung D. Purification of human von Willebrand factor-cleaving protease and its identification as a new member of the metalloproteinase family. Blood 2001; 98: 1662-1666 [PMID: 11535495 DOI: 10.1182/blood.V98.6.1662]
21 Cao WJ, Niiya M, Zheng XW, Shang DZ, Zheng XL. Inflammatory cytokines inhibit ADAMTS13 synthesis in hepatic stellate cells and endothelial cells. J Thromb Haemost 2008; 6: 1233-1235 [PMID: 18433458 DOI: 10.1111/j.1538-7836.2008.02989.x]
22 Uemura M, Fujimura Y, Ko S, Matsumoto M, Nakajima Y, Fukui H. Pivotal role of ADAMTS13 function in liver diseases. Int J Hematol 2010; 91: 20-29 [PMID: 20054668 DOI: 10.1007/s12185-009-0481-4]
23 Yamamoto K, Shimokawa T, Kojima T, Loskutoff DJ, Saito H. Regulation of murine protein C gene expression in vivo: effects of tumor necrosis factor-alpha, interleukin-1, and transforming growth factor-beta. Thromb Haemost 1999; 82: 1297-1301 [PMID: 10544917]
24 Wanless IR, Wong F, Blendis LM, Greig P, Heathcote EJ, Levy G. Hepatic and portal vein thrombosis in cirrhosis: possible role in development of parenchymal extinction and portal hypertension. Hepatology 1995; 21: 1238-1247 [PMID: 7737629 DOI: 10.1002/hep.1840210505]
25 Goel A, Elias JE, Eapen CE, Ramakrishna B, Elias E. Idiopathic Non-Cirrhotic Intrahepatic Portal Hypertension (NCIPH)-Newer Insights into Pathogenesis and Emerging Newer Treatment Options. J Clin Exp Hepatol 2014; 4: 247-256 [PMID: 25755567 DOI: 10.1016/j.jceh.2014.07.005]
26 Kalambokis GN, Oikonomou A, Baltayiannis G, Christou L, Kolaitis NI, Tsianos EV. Thrombin generation measured as thrombin-antithrombin complexes predicts clinical outcomes in patients with cirrhosis. Hepatol Res 2015; Epub ahead of print [PMID: 25847196 DOI: 10.1111/hepr.12520]
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK120][bookmark: OLE_LINK148][bookmark: OLE_LINK72][bookmark: OLE_LINK112][bookmark: OLE_LINK320][bookmark: OLE_LINK387][bookmark: OLE_LINK183][bookmark: OLE_LINK254][bookmark: OLE_LINK149][bookmark: OLE_LINK225][bookmark: OLE_LINK207][bookmark: OLE_LINK226][bookmark: OLE_LINK212][bookmark: OLE_LINK250][bookmark: OLE_LINK281][bookmark: OLE_LINK282][bookmark: OLE_LINK313][bookmark: OLE_LINK304][bookmark: OLE_LINK321][bookmark: OLE_LINK385][bookmark: OLE_LINK400][bookmark: OLE_LINK346][bookmark: OLE_LINK371][bookmark: OLE_LINK334][bookmark: OLE_LINK1830][bookmark: OLE_LINK457][bookmark: OLE_LINK288][bookmark: OLE_LINK384][bookmark: OLE_LINK379][bookmark: OLE_LINK303][bookmark: OLE_LINK450][bookmark: OLE_LINK489][bookmark: OLE_LINK535][bookmark: OLE_LINK648][bookmark: OLE_LINK686][bookmark: OLE_LINK471][bookmark: OLE_LINK462][bookmark: OLE_LINK519][bookmark: OLE_LINK575][bookmark: OLE_LINK491][bookmark: OLE_LINK532][bookmark: OLE_LINK572][bookmark: OLE_LINK574][bookmark: OLE_LINK480][bookmark: OLE_LINK567][bookmark: OLE_LINK2700][bookmark: OLE_LINK581][bookmark: OLE_LINK639][bookmark: OLE_LINK688][bookmark: OLE_LINK722][bookmark: OLE_LINK542][bookmark: OLE_LINK589][bookmark: OLE_LINK582][bookmark: OLE_LINK640][bookmark: OLE_LINK714][bookmark: OLE_LINK593][bookmark: OLE_LINK716][bookmark: OLE_LINK770][bookmark: OLE_LINK801][bookmark: OLE_LINK660][bookmark: OLE_LINK781][bookmark: OLE_LINK833][bookmark: OLE_LINK642][bookmark: OLE_LINK700][bookmark: OLE_LINK792][bookmark: OLE_LINK2882][bookmark: OLE_LINK836][bookmark: OLE_LINK889][bookmark: OLE_LINK782][bookmark: OLE_LINK826][bookmark: OLE_LINK865][bookmark: OLE_LINK856][bookmark: OLE_LINK908][bookmark: OLE_LINK980][bookmark: OLE_LINK1018][bookmark: OLE_LINK1049][bookmark: OLE_LINK1076][bookmark: OLE_LINK1106][bookmark: OLE_LINK891][bookmark: OLE_LINK943][bookmark: OLE_LINK981][bookmark: OLE_LINK1030][bookmark: OLE_LINK847][bookmark: OLE_LINK909][bookmark: OLE_LINK906][bookmark: OLE_LINK992][bookmark: OLE_LINK993][bookmark: OLE_LINK1052][bookmark: OLE_LINK946][bookmark: OLE_LINK911][bookmark: OLE_LINK930][bookmark: OLE_LINK1059][bookmark: OLE_LINK1174][bookmark: OLE_LINK1137][bookmark: OLE_LINK1167][bookmark: OLE_LINK1200][bookmark: OLE_LINK1241][bookmark: OLE_LINK1288][bookmark: OLE_LINK1056][bookmark: OLE_LINK1158][bookmark: OLE_LINK1175][bookmark: OLE_LINK1074][bookmark: OLE_LINK1169]P-Reviewer: Bordas JM, Garbuzenko DV, Mercado MA, Yoshida H
S-Editor: Gong ZM L-Editor: E-Editor:
