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e H : Effects of tyrosine kinase inhibitors on cardiopulmonary remodeling
and hemodynamics in animal models of pulmonary arterial
hypertension
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Pulmonary arterial hypertension (PAH) is characterized by pulmonary artery (PA)

o

proliferation and constriction, resulting in a resting mean PA pressure > 25 mmHg.
Current treatment algorithm of PAH consists of vasodilators which do not potently reverse
cardiopulmonary remodeling (CPR), an important aspect of the PAH pathobiology. Further,
therapies with high-dose tyrosine kinase inhibitors (T'KIs) which include imatinib and
nilotinib as a reversal agent for CPR are hampered by their adverse effects. Therefore,
using a monocrotaline (MCT)-induced PAH rat model, we investigated the lowest yet
effective therapeutic dose of several TKIs: imatinib (5, 15, 50 mg/kg) versus sunitinib (0.3,
1, 8, 10 mg/ke) in chapter 1; toceranib (1, 3, 10 mg/kg) versus sorafenib (10, 30, 100 mgrkg)
in chapter 2, and masitinib (5, 15, 50 mg/kg) versus tadalafil (5, 10 mg/kg) in chapter 3. A
high dose was defined as an anti-cancer dose, whereas a 1/3 reduction of the preceding dose
vielded lower doses. In chapter 4, we also examined the long-term effects of the low-dose
imatinib therapy (3 mg/kg) in the dogs with pulmonary hypertension secondary to chronic

degenerative mitral valve disease.

In chapter 1, imatinib exhibited potent cardiopulmonary reversal abilities at 15 and
50 mg'kg. Compared with sunitinib, imatinib significantly and dose-dependently
normalized right ventricular (RV) hypertrophy, brain natriuretic peptide (BNP) mRNA
level, and muscularization of 20—50 pm PAs. At molecular levels, imatinib downregulated
pulmonary platelet-derived growth factor receptor beta (PDGFR-B), leading to a significant
inhibition of mitogen-associated protein kinase (MAPK) signaling. By contrast, although
sunitinib antagonized PDGFR-8, fibroblast growth factor receptor 1, vascular endothelial
growth factor (VEGF) receptor-2, and VEGF-A mRNAs, the MAPK inhibition was
unremarkable at lower doses. The increased pulmonary muscularization and significant
VEGF inhibition, in line with an upregulation of nestin mRBRNA suggested that the

equivocal reversal of sunitinib may be due to its potent VEGF inhibition in the lungs.
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In chapter 2, sorafenib significantly normalized the RV hypertrophy and BNP
mRNA level, and increased the non-muscularized PA percentage. These effects were only
observed in rats receiving the highest toceranib dose, and neither toceranib dose reduced
the fully muscularized PA percentage. Although both sorafenib and toceranib significantly
reversed the RV hypertrophy at 10 mg/kg, a significant reduction of the RV systolic and
mean pressures was only seen in rats on sorafenib 10 mglkg. The greater reversal abilities
of sorafenib compared with toceranib were believed to be due to its simultaneous inhibition
on the MAPK signaling and the C-X-C motif chemokine receptor (CXCR) type 4/C-X-C
motif chemokine (CXCL) 12 axis, and autophagy induction in the lungs.

In chapter 3, masitinib (15, 50 mg/kg) significantly reversed RV systolic pressure,
RV hypertrophy, and pulmonary vascular remodeling, indicating potent effects of masitinib
against CPR. Tadalafil at 10 mg/kg, a human equivalent dose for PAH treatment,
significantly decreased the RVH and increased PA lumen diameter and area, but did not
normalize vascular muscularization. Masitinib significantly suppressed mRINA expression
of pulmonary PDGFR-B, stem cell factor receptor (C-KIT), CXCR4, Raf-1 proto-oncogene
serine/threonine kinase, and protein phosphorylation of extracellular signal-regulated
kinase (ERK)-1/2. However, tadalafil showed insignificant antagonism on the MAPK
pathway, despite its significant PDGFR-6 and C-KIT inhibition. FFurther, the high-dose
masitinib (50 mg/kg) produced comparable pulmonary phosphodiesterase-5 mRNA and
eyclic guanosine monophosphate (cGMP) levels to those of tadalafil, implying a role of
masitinib in the nitrogen oxide/cGMP pathway. Moreover, the long-term treatment with
masitinib (15 mg/kg) improved the survival and RV hemodynamics in the rats, compared
with those of tadalafil.

In chapter 4, the follow-up evaluations at 1, 3, 5 and 6 months post-imatinib
therapy revealed substantial clinical and hemodynamic improvements in the dogs. One
dog showed deterioration after the imatinib withdrawal to necessitate a restart therapy.

No side effects were observed throughout the 6-month treatment course.

In conclusion, a low-dose imatinib (15 mg/kg), sorafenib (10 mg/kg), and masitinib
(15 mg/kg) in MCT-induced PAH rat model potently reversed the CPR and improved the
PAH severity via inhibition of the MAPK pathway. Imatinib conferred long-term benefits
without causing observable side effects in the dogs while masitinib improved survival in
the rats. Therefore, these TKIs may provide a novel reversal agent to target the CPR in the
PAH. The results of our study may serve pivotal foundation for further eclinical

investigation on their use for the treatment of PAH in humans and dogs.
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Effects of tyrosine kinase inhibitors on cardiopulmonary
remodeling and hemodynamics in animal models of pulmonary
R =l arterial hypertension
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