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Statins: The pleiotrophic effects of HMG CoA reductase inhibitors include anti-

proliferative, anti-thrombotic, anti-inflammatory and anti-oxidant effects. This broad 

range of activity arises from the inhibition of isoprenoids, which are essential for post-

translational isoprenylation of Rho and Ras family GTPases. These proteins are 

responsible for many cellular functions, including coupling membrane growth factor 

receptors to intracellular signaling pathways that affect cell proliferation.  

In vivo, simvastatin reduces PAH in a monocrotaline-pneumonectomy model and 

has a dramatic survival advantage1. However, in another rodent study neither 

simvastatin nor atorvastatin plus rapamycin improved established monocrotaline-

induced PAH2. Several trials of statins in human PAH are underway, including one 

comparing aspirin and simvastatin (NCT00384865). 

 

Dihydroepiandrosterone (DHEA): DHEA increases expression of sGC and activates 

calcium-sensitive potassium channels (BKCa) in PASMCs3.  In general, agents that 

activate BKCa channels in PASMC are vasodilatory. DHEA inhibits and reverses chronic 

hypoxic pulmonary hypertension in rats3.  DHEA, normally secreted by the adrenal 

gland, is available “over the counter” in health food stores. Further testing in animal 

models with more refractory PAH (e.g. chronic hypoxia plus a VEGF inhibitor) is 

indicated before moving to human trials, but at least there is a substantial body of 

evidence suggesting DHEA is well tolerated in humans. 
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Cell Cycle Inhibitors: Excessive cell proliferation is a hallmark of PAH, making the use 

of a cell cycle inhibitor, such as rapamycin, attractive.  In mice exposed to chronic 

hypoxia, rapamycin, given by intraperitoneal injection, reduced both RVH and the 

increase in PA medial thickness4  However, rapamycin, given by gavage, failed to 

reverse PAH induced in rats by monocrotaline5. Further long-term regression studies in 

animals are indicated prior to testing rapamycin in human PAH, in light of the mixed 

results of rodent studies and the potential for toxicity. 

 

Survivin inhibitors: Survivin is a member of inhibitor apoptosis protein family, that 

occurs in human and experimental PAH6. Inhalation of an adenovirus containing a 

dominant-negative survivin mutant decreases monocrotaline-PAH and prolongs 

survival6. This is associated with increased apoptosis in the media of the pulmonary 

arteries and increased Kv current. Pharmacological inhibitors of survivin, such as YM-

155 (Astellas) NCT00328588 are currently being tested in cancer and may merit testing 

in PAH. 

 

Polyamine Inhibitors: In rat PA endothelial cells, hypoxia decreases ornithine 

decarboxylase activity thereby increasing polyamine import.  In rat PASMCs polyamine 

uptake (specifically putrescine) is necessary for hypoxic activation of p38MAP kinase, 

an important driver of cell proliferation.  Blockade of polyamine synthesis reduces 

monocrotaline-induced PAH in rats7.  α-difluromethylornithine (DFMO), an irreversible 

inhibitor of polyamine synthesis, is used in patients with trypanosomiasis and in breast 
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cancer. Assuming additional testing in animal models of PAH were to be promising, this 

experience in humans could inform a trial in PAH. 

 

STAT3 Inhibition: Endothelial cells from the PAs of iPAH patients show less apoptosis 

and more proliferation and migration in culture than those of controls8.  STAT3, a 

regulator of cell survival, is persistently activated in iPAH endothelial cells. A Janus-

kinase (JAK) inhibitor tyrphostin AG490, which reduces STAT3 activity and blocks 

proliferation, has been proposed for the treatment of leukemia9. This is a strategy 

worthy of assessment in experimental PAH. 

 

Heparins: Heparin reduces chronic hypoxic pulmonary hypertension in guinea pigs by 

an antiproliferative effect, unrelated to its anticoagulant activity.  The antiproliferative 

effect of heparin is dependent on the presence of the cyclin-dependent kinase inhibitor 

p2710. Unfortunately, low molecular weight heparins are less potent stimulators of p27 

and are less effective in preventing experimental pulmonary vascular remodeling than 

unfractionated heparin, making simple translation to a chronic PAH therapy difficult. 

However, dalteparin but not enoxaparin, does reduce pulmonary hypertension and 

vascular remodeling in hypoxic guinea pigs11. 

 

Angiopoietin 1 blockers: The role of angiopoietin 1 in PAH is controversial with one 

group finding it is upregulated, driving PAH and another finding it is depressed, and that 

upregulation is therapeutic. The expression of angiopoietin 1, a protein involved in the 

recruitment of smooth-muscle cells around blood vessels, and the phosphorylation of its 
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endothelial receptor, TIE2, are increased in the lungs of patients with several forms of 

human pulmonary hypertension12. In human PA endothelial cells, angiopoietin 1 inhibits 

the expression of BMPR1A, which is necessary for the signaling of BMPR212. These 

results suggest that angiopoietin 1 could promote pulmonary hypertension. Supporting 

this hypothesis, angiopoietin 1 stimulates proliferation of PASMCs and increases 

serotonin production by human pulmonary artery endothelial cells13.  Blockade of TIE2, 

achieved by adenoviral gene transfer into the pulmonary artery in rats, largely prevents 

PAH, caused by either monocrotaline or angiopoietin over-expression; however, this 

strategy does not reduce chronic hypoxic PAH 14. These observations suggest that 

angiopoietin 1 plays a role in the pathophysiology of some forms of pulmonary 

hypertension.  

However, in other studies, cell-based angiopoietin gene transfection reduces, 

rather than exacerbates, hypoxic pulmonary hypertension in rats15. This group found 

robust angiopoietin 1 expression in healthy human lungs and no significant increase in 

expression in human PAH samples15. More clarity is required before this pathway is 

exploited therapeutically in humans. 

 
 
References: 
 
1.  Nishimura T, Faul JL, Berry GJ, Vaszar LT, Qiu D, Pearl RG, Kao PN. Simvastatin 

attenuates smooth muscle neointimal proliferation and pulmonary hypertension in 
rats. Am J Respir Crit Care Med. 2002;166(10):1403‐1408. 

2.  McMurtry M, Bonnet S, Michelakis E, Bonnet S, Harmony A, Archer S. Statin therapy, 
alone or with rapamycin, does not reverse monocrotaline pulmonary arterial 
hypertension: the rapamycin‐atorvastatin‐simvastatin (RATS) study. Am J Physiol 
Lung Cell Mol Physiol. 2007;2007:Epub ahead of print. 

3.  Oka M, Karoor V, Homma N, Nagaoka T, Sakao E, Golembeski S, Limbird J, Imamura 
M, Gebb S, Fagan K, McMurtry I. Dehydroepiandrosterone upregulates soluble 



On‐line supplement 

guanylate cyclase and inhibits hypoxic pulmonary hypertension. Cardiovasc Res. 
2007;74:377‐387. 

4.  Nishimura T, Faul JL, Berry GJ, Veve I, Pearl RG, Kao PN. 40‐O‐(2‐hydroxyethyl)‐
rapamycin attenuates pulmonary arterial hypertension and neointimal formation in 
rats. Am J Respir Crit Care Med. 2001;163(2):498‐502. 

5.  McMurtry MS, Bonnet S, Michelakis ED, Haromy A, Archer SL. Statin therapy, alone 
or with rapamycin, does not reverse monocrotaline pulmonary arterial 
hypertension: the rapamcyin‐atorvastatin‐simvastatin study. Am J Physiol Lung Cell 
Mol Physiol. 2007;293(4):L933‐940. 

6.  McMurtry MS, Archer SL, Altieri DC, Bonnet S, Haromy A, Harry G, Bonnet S, 
Puttagunta L, Michelakis ED. Gene therapy targeting survivin selectively induces 
pulmonary vascular apoptosis and reverses pulmonary arterial hypertension. J Clin 
Invest. 2005;115(6):1479‐1491. 

7.  Olson J, Hacker A, Altiere R, Gillelspie M. Polyamines and the development of 
monocrotaline‐induced pulmonary hypertension. Am J Physiol. 1984;247:H682‐685. 

8.  Xu W, Koeck T, Lara AR, Neumann D, DiFilippo FP, Koo M, Janocha AJ, Masri FA, 
Arroliga AC, Jennings C, Dweik RA, Tuder RM, Stuehr DJ, Erzurum SC. Alterations of 
cellular bioenergetics in pulmonary artery endothelial cells. Proc Natl Acad Sci U S A. 
2007;104(4):1342‐1347. 

9.  Caceres‐Cortes JR. A potent anti‐carcinoma and anti‐acute myeloblastic leukemia 
agent, AG490. Anticancer Agents Med Chem. 2008;8(7):717‐722. 

10.  Yu L, Quinn D, Garg H, Hales C. Cyclin‐dependent kinase inhibitor p27Kip1, but not 
p21WAF1/Cip1, is required for inhibition of hypoxia‐induced pulmonary 
hypertension and remodeling by heparin in mice. Circ Res. 2005;97:937‐945. 

11.  Al‐Ansari E, Du HK, Yu L, Ochoa CD, Garg HG, Quinn DA, Hales CA. Low‐molecular‐
weight heparin inhibits hypoxic pulmonary hypertension and vascular remodeling 
in guinea pigs. Chest. 2007;132(6):1898‐1905. 

12.  Du L, Sullivan CC, Chu D, Cho AJ, Kido M, Wolf PL, Yuan JX, Deutsch R, Jamieson SW, 
Thistlethwaite PA. Signaling molecules in nonfamilial pulmonary hypertension. N 
Engl J Med. 2003;348(6):500‐509. 

13.  Sullivan C, Du L, Chu D, Cho A, Kido M, Wolf P, Jamieson S, Thistlethwaite P. 
Induction of pulmonary hypertension by an angiopoietin 1/TIE2/serotonin 
pathway. Proc Nat Acad Sci U S A. 2003;100:12331‐12336. 

14.  Kido M, Du L, Sullivan CC, Deutsch R, Jamieson SW, Thistlethwaite PA. Gene transfer 
of a TIE2 receptor antagonist prevents pulmonary hypertension in rodents. J Thorac 
Cardiovasc Surg. 2005;129(2):268‐276. 

15.  Kugathasan L, Dutly AE, Zhao YD, Deng Y, Robb MJ, Keshavjee S, Stewart DJ. Role of 
angiopoietin‐1 in experimental and human pulmonary arterial hypertension. Chest. 
2005;128(6 Suppl):633S‐642S. 

 
 


