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Abstract 

Endothelin receptor A (ETA) is a G protein-coupled receptor and a major 
therapeutic target for pulmonary arterial hypertension (PAH). We took a novel approach 
and developed an antagonistic monoclonal antibody, getagozumab, specifically against 
ETA. Getagozumab displayed a Kd of 8.7 nM and an IC50 of 37.9 nM in the cell-based 
assays. Getagozumab could significantly lower pulmonary arterial pressure in both 
hypoxia-induced and monocrotaline (MCT)-induced PAH monkey models and further 
attenuate the pulmonary arterial and right ventricular hypertrophy in MCT-induced 
PAH monkeys. The preclinical studies demonstrated that getagozumab is safe, long-
lasting and efficacious. Getagozumab may provide a new and effective treatment for 
PAH patients.  
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Introduction 

Pulmonary arterial hypertension (PAH) is a deadly disease marked by adverse 
remodeling of small pulmonary arteries and right ventricle and progressive pulmonary 
vascular constriction leading to right ventricular heart failure and death (Lai YC et al., 
2014; Barst RJ et al., 2004). The vascular remodeling produced mainly by excessive 
cell proliferation causes the loss of vascular luminal cross section to increase the 
pulmonary vascular resistance (McLaughlin VV et al., 2009; Lau EMT et al., 2017). 
The prevalence of PAH is about 15-50 per million in the Western world (Humbert M et 
al., 2006; Peacock AJ et al., 2007), and in China it was estimated much higher (Jiang X 
et al., 2013; Zhai Z et al., 2010).  

Endothelin 1 (ET-1) is the most potent vasoconstrictor yet identified. ET-1 also acts 
as a growth-promoting factor of pulmonary artery vascular smooth muscle cells (Biasin 
V et al., 2014) and as a profibrotic factor (Hocher B et al., 2000; Barton M et al., 2008). 
The expression level of ET-1 is significantly upregulated in patients with PAH 
(Davenport AP et al., 2016). ET-1 is released by endothelial cells in relatively high 
amounts to act on endothelin receptor A (ETA), for the proliferation and constriction of 
vascular smooth muscle (Davie N et al., 2002; Neylon CB, 1999). ETA/ET-1 axis has 
been implicated in the pathogenesis of PAH, and the other endothelin receptor, ETB, 
mainly relaxes the vascular smooth muscle cells through a NO pathway and also acts 
on antiproliferation and ET-1 clearance (Hirata Y et al., 1993; Nelson J et al., 2003).  

Approved small molecular endothelin receptor antagonists (ERAs) have been 
beneficial to PAH patients to ameliorate disease symptoms through improving 
hemodynamics, exercise capability in 6-minute walk distance (6MWD) and delaying 
time to clinical worsening (Barst RJ et al., 2004; Galie N et al., 2008; Iglarz M et al., 
2008; Rubin LJ et al., 2002). Improvements in WHO functional class, dyspnea, 
hemodynamics and quality of life have also been observed in clinical studies along with 
substantial decreases of BNP following ambrisentan treatment (D'Alto M, 2012; Macias 
Saint-Gerons D et al., 2013; Maguire JJ et al., 2015). On the other hand, favorable 
pharmacokinetics/pharmacodynamics and toxicity as demonstrated by monoclonal 
antibody (MAb) may help to achieve efficacious therapeutic with longer half-life (Zhao 
L et al., 2012; Deng R et al., 2012; Kamath AV et al., 2016), e.g. a once-a-month 
medication for PAH patients.   

In this study, we generated antagonistic monoclonal antibodies (MAbs) against 
ETA. We characterized the inhibitory activities of the MAbs in cell-based binding and 
functional assays. Furthermore, we demonstrated the in vivo efficacy of getagozumab 
in two PAH models of cynomolgus monkey. Our approach represents a new strategy 
for the treatment of PAH with a therapeutic antibody.  
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Materials and Methods 

In Vitro Pharmacology 

Cell culture and cell lines. Stable cell lines expressing human, rat or cynomolgus 
ETA were generated by transfection of an expression vector containing full-length 
human, rat or macaque ETA cDNA into CHO cells. Cells were maintained in 
DMEM/F12 (Invitrogen) supplemented with 10% dialyzed fetal bovine serum (FBS) 
minus hypoxanthine and thymidine (HT) at 37 °C, and the highly expressing cells were 
sorted by FACS. Generally, cells were harvested using 10 mM EDTA, counted and 
resuspended in a suitable volume of the appropriate buffer for either FACS or assays.  
 

Preparation and generation of ETA MAbs and getagozumab. The preparation 
and screening of monoclonal antibodies against ETA using hybridoma technology were 
conducted following the Gmax antibody preparation platform and as described (Yan H 
et al., 2009). The humanization was carried out via complementarity-depending region 
(CDR) grafting as described previously (Li C et al., 2018). The heavy chain and light 
chain variable sequences were independently aligned with the human germline database 
of NCBI IgBLAST and the optimal germline sequences were selected as possible 
templates. A total of 613 mouse monoclonal antibodies with high affinity binding 
toward human ETA were obtained, and the best antibody with antagonistic activity 
towards ETA was successfully humanized as an IgG4 and referred as getagozumab (also 
called GMA301).  

 
Receptor binding assay. Getagozumab was labeled with DyLight 488 NHS ester 

according to the manufacturer's instructions. Getagozumab (100 nM) was incubated 
with the CHO cells stably expressing ETA of different species or the parental cells for 
30 min at 4 °C in PBS containing 2% FBS and 0.02% sodium azide. Cell surface 
binding was quantified by FACS analysis, and data analysis was performed using 
Guava InCyte Software. 
 

Calcium influx assay. The cells stably co-expressing ETA/Aequorin were seeded 
in 96-well cell culture plates (35,000 cells/well) and cultured overnight at 37 °C. The 
next day, the culture supernatant was removed, and coelenterazine (50 μL, Promega) 
was added in the dark and incubated at 37 ºC for 2 hours (hr). Then 50 μL of the 
hybridoma supernatant or a purified antibody (9-point, 1:3 dilution) were added and 
incubated at 37 °C for 30 min. After the incubation, 50 μL of ET-1 at 20 nM was injected 
and flash luminescent signal was acquired in the time frame of 20 seconds with a 
SpectraMax L microplate reader. The IC50 values were calculated by nonlinear 
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regression curve fitting using GraphPad Prism. 
 
In Vivo Pharmacology 

Animals. Normally, female or male cynomolgus monkeys of 3~4 years old were 
housed individually in cages in laboratory animal facility under controlled temperature 
(19~25 oC), relative humidity (42~96%) and a 12 hr light/dark cycle. The monkeys 
were fed twice a day with a regiment of 100 g diet plus 50 g of vegetable and fruit. The 
animals were given ad libitum access to water. Upon arrival, all animals were first 
quarantined for 19 days and the ones found free of diseases by physical checkup and 
biochemical analysis were included in the experiments.  
 

Pharmacokinetics of getagozumab in cynomolgus monkeys. The 
pharmacokinetics (PK) of getagozumab was determined in healthy cynomolgus 
monkeys by single iv injection. Blood samples were collected from each animal in 5, 
15 and 50 mg/kg dose groups (number of animals in each group: n=6, 3 male & 3 female) 
at 14-timepoint: pre-injection, 1 min, 0.5, 2, 4, 8 hr, 1, 2, 3, 4, 7, 14, 21, 28 days. The 
samples were processed into plasma for the determination of the concentrations of 
getagozumab. The concentration of getagozumab was determined by enzyme-linked 
immunosorbent assay (ELISA) using captured antibody (6E8, an anti-getagozumab 
antibody generated in-house) which recognizes the Fab of getagozumab. The GxH IgG-
HRP binding to the complex of 6E8-getagozumab produced chromogenic reaction in 
the presence of TMB substrate. The absorbance was measured at the wavelength of 450 
nm, and the concentration of getagozumab was calculated by regression of the OD 
value using 4-PL model.  
 

Toxicology study of getagozumab in cynomolgus monkeys. Single dose toxicity 
in cynomolgus monkeys was performed in dosing groups of 0 (formulation control), 75, 
250 and 750 mg/kg by iv injection. Repeated dose toxicity in cynomolgus monkeys was 
performed in dosing groups (5 females and 5 males per group) of 0 (formulation 
control), 25, 75 and 250 mg/kg by iv injection, twice per week for four-week, followed 
by a six-week recovery period. Similarly, repeated dose toxicity in cynomolgus 
monkeys was also performed in dosing groups (5 females and 5 males per group) of 0, 
25, 75 and 250 mg/kg by iv injection, once per week for thirteen-week, followed by a 
six-week recovery period. 

Safety pharmacology endpoints were incorporated in the design of the repeated 
dose toxicity study. Blood pressure, heart rate, ECG and body temperature were 
measured, and general status of the animals was observed and recorded.    
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In vivo study using hypoxia-induced PAH cynomolgus model. Gmax Biopharm 
developed a hypoxia-induced cynomolgus PAH model together with CrownBio Inc. 
The acute hypoxia-induced PAH model of cynomolgus monkey was induced by 
exposure to 12% hypoxia, and the pulmonary hypertension in monkeys was assessed 
quantitively using continuous wave Doppler echocardiography (Lindqvist P et al., 
2011), and meanwhile the heart rate and blood oxygen saturation were monitored as a 
safety measure. The same three monkeys were used for each treatment and the baseline 
was established prior the treatment. Ambrisentan was tested first, and after one week of 
washout, getagozumab was tested.  

The three monkeys were fasted overnight. After 2-3 hours of oral dosing of 1 mg/kg 
of ambrisentan, they were anesthetized. Then hypoxia was induced by 12% oxygen and 
the tricuspid regurgitation was measured at the same time. To determine if getagozumab 
attenuated hypoxia-induced PAH after 3, 24, 72, 120 and 168 hr after a single iv 
injection of 5 mg/kg of getagozumab, the above experiments were repeated and 
performed sequentially at each time point.  
 

In vivo study using monocrotaline (MCT)-induced PAH cynomolgus monkey 
model. Gmax Biopharm developed an MCT-induced cynomolgus PAH model together 
with Wuxi AppTech. The body weights of the animals ranged from 3 to 5.5 kg and the 
monkeys were divided into six groups of 6, Sham (non-model formulation control), 
Getagozumab 1.5 mg/kg, Getagozumab 5 mg/kg, Getagozumab 15 mg/kg, MCT model 
(model formulation control) and Ambrisentan oral 1 mg/kg. The MCT-induced PAH 
cynomolgus model was established by injection of 30 mg/ml of MCT at day 1 and day 
14. Getagozumab was administrated by iv injection at day 20, twice per week for 6 
weeks.  

Body weight and animal status were monitored throughout the study, and the blood 
routine and blood biochemical indicators (including alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST)) of all groups were measured before and after the 
drug administration.  

Measurements of efficacy at the experimental end-point included the following 
three parts. First, the animals were anesthetized with Zoletil at 4 mg/kg dose, and the 
right ventricular systolic pressure (RVSP) was measured by insertion of a PE catheter 
(outer diameter 2.08 mm) into the right jugular vein and slowly advancing to the right 
ventricle. Second, the animals were euthanized according to animal euthanasia SOP, 
and then the heart, atria and great vessels were removed. The left ventricle (LV), right 
ventricle (RV), and septum (SEP) were isolated; LV, RV and SEP were weighed after 
the water was blotted dry with filter paper. The RV hypertrophy index, Fulton’s Index, 
was calculated as RV/(LV+SEP)*100% (Giaid A et al., 1993). Third, the tissue slices 
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of lung and right ventricle were fixed with 10% neutral formalin, dehydrated, embedded 
in paraffin, sliced in paraffin, and hematoxylin-eosin (HE) stained and mounted to 
measure the pulmonary arterial wall thickness (PAWT) (Zhou SJ et al., 2015). PAWT 
is a ratio and is calculated by [(outer diameter - inner diameter)/2]/outer diameter of the 
vessel. Similarly, selected lung tissues were also actin stained in order to view the 
smooth muscle layer clearly (Behringer A et al., 2016).  

The standards and guidelines for laboratory animals (GB14925-2001 and MOST 
2006a) established in China were strictly followed in the experiments. The studies of 
PK/toxicology, hypoxia-induced PAH and MCT-induced PAH were conducted by 
JOINN Laboratory (Beijing), Crown Bioscience Inc. and WuXi App Tec, respectively. 
All three companies have earned AAALAC international accreditation for their animal 
test facilities and the experiment protocols were approved by their IACUCs beforehand, 
respectively. 
 

Results 

In vitro pharmacological characterization of antagonistic antibodies against 
human ETA. In total, 613 murine monoclonal antibodies with specific binding to 
human ETA were identified. Multiple antibodies were potent antagonists of ETA and a 
few of them were humanized. Getagozumab was the most potent humanized antibody 
of IgG4 isotype.   

The binding of getagozumab towards human ETA (hETA), human ETB (hETB), 
macaque ETA (maETA) and rat ETA (rETA) was assessed by FACS analysis. The data 
in Fig. 1A-1D demonstrated that getagozumab bound to hETA specifically and only 
cross-reacted with maETA. Through saturation binding of human ETA, a Kd of 
getagozumab was calculated to be 8.7 nM (Fig. 2A). The functional activity of 
getagozumab was studied in a calcium influx assay, getagozumab effectively blocked 
calcium influx with an IC50 of 37.9 nM in the hETA-expressing CHO cells (Fig. 2B), 
but did not block calcium influx in the hETB-expressing CHO cells in comparison with 
the IgG control and dual receptor antagonist bosentan (Fig. 2C).  
 

Pharmacokinetics (PK) of getagozumab in cynomolgus monkeys after a single 
injection. Plasma concentrations of getagozumab were measured in the blood samples 
from the cynomolgus monkeys and subjected to ELISA assay. The PK profile of 
getagozumab was summarized in Table 1 and Fig. 3, and the conditions of PK studies 
were summarized in the experimental section.  

The concentration of getagozumab was found to increase with dose in a nonlinear 
manner and a 10-fold increase of dose from 5 to 50 mg/kg resulted in 7.5-fold increase 
of exposure from 18.23 to 137.50 h.mg/mL. The half-life of getagozumab after a single 
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iv dose of 5, 15 or 50 mg/kg was approximately 9.90, 7.21 or 7.23 days in cynomolgus 
monkeys, respectively. 
 

Toxicology study of getagozumab in cynomolgus monkeys. Single dose toxicity 
in cynomolgus monkeys was performed in dosing groups of 0, 75, 250 and 750 mg/kg, 
and the NOAEL was 750 mg/kg. In the single dose toxicity study, the animals were also 
evaluated by clinical observation, body weight, food intake, body temperature, clinical 
pathological indicators of blood cell count, coagulation function, blood biochemical 
indicators and urine analysis, while there were no abnormalities observed. In addition, 
gross observation and histopathological examination were also performed, and no 
abnormal pathological changes were observed in the gross anatomy examination of all 
animals in groups 1-4.  

Repeated dose toxicity in cynomolgus monkeys was performed in dosing groups 
of 0, 25, 75 and 250 mg/kg, and the NOAEL was 250 mg/kg, and the animals were 
treated by iv injection, twice per week for four-week, followed by a six-week recovery 
period.   

In the repeated dose toxicity study, no obvious toxicities were observed on heart 
rate, ECG, body temperature, body weight. More importantly, the diastolic blood 
pressure/systolic blood pressure and ALT/AST in the 25, 75, and 250 mg/kg dose 
groups did not show any significant changes associated with getagozumab, comparing 
with the formulation control group, 0 mg/kg group (Supplemental Table S1-S3). Further, 
no peripheral edema was observed in the monkeys of the three dosing groups or the 
formulation control group.   

The RBC/Hgb/Hct were decreased somewhat in the four-week toxicity study of 
monkeys, while no RBC/Hgb/Hct were decreased in the follow-up thirteen-week 
toxicity study of monkeys (dosing once per week). The data of RBC/Hgb/Hct are 
provided (Supplemental Table S6 and S7). Therefore, there was no apparent sign of 
hemodilution. In addition, no abnormal results were observed in the bone marrow smear 
test and tissue histopathological examination (data not shown).  

For liver toxicity assessment, the liver enzyme data of the individual monkeys 
indicated no isolated case of liver injury (Supplemental Table S8).  

 
Attenuation of PAH in a hypoxia-induced PAH cynomolgus model. The acute 

hypoxia-induced PAH cynomolgus monkey model was established by placing the 
animals under 12% hypoxia. Then the antibody was administrated by iv injection at 5 
mg/kg dose. At 3, 24, 72, 120 and 128 hr after antibody administration, the tricuspid 
regurgitation velocity was monitored as described in the experimental section. Area 
under the curve (AUC) of pulmonary arterial systolic pressure (PASP) versus time was 
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calculated, both getagozumab and ambrisentan showed a trend towards efficacy in 
reducing pulmonary arterial pressure, while getagozumab may be long-lasting up to 
168 hours (Fig. 4). Three monkeys were used for the experiment and the data on PASP 
were not statistically significant. The yellow column represents the zero time point 
before drug treatment and the green columns represent the pulmonary systolic blood 
pressure after drug administration.  
 

Attenuation of PAH in an MCT-induced PAH cynomolgus model. The MCT-
induced PAH monkey model was established by two injections of MCT at 30 mg/kg 
dose. Then the animals were treated with getagozumab and ambrisentan. The efficacy 
of getagozumab at 5 mg/kg iv dose twice per week was similar to ambrisentan at 1 
mg/kg intragastric dose once per day. After treatment with getagozumab at 15 mg/kg 
dose of the PAH monkeys for 6 weeks, the right ventricular systolic pressure (RVSP) is 
decreased by 54.0% compared to the MCT model group (Fig. 5A, p<0.001). The 
percent inhibition was calculated by formula (1-RVSPgetagozumab/RVSPmodel)*100% 
and data from Table 2, specifically, (1-19.3/42.0)*100%=54.0%. The pulmonary 
arterial wall thickness (PAWT) and the right ventricular hypertrophy index, Fulton’s 
index (Ciuclan L et al., 2011) are decreased by 47.8% and 38.7% respectively compared 
to the MCT model group (Fig. 5B and 5C, p<0.001), and the percent inhibitions were 
calculated similarly as above using data from Table 5S. Furthermore, getagozumab at 
15 mg/kg dose was significantly more efficacious than ambrisentan on RVSP (p<0.017, 
Table 2) at 1 mg/kg intragastric dose once per day.  

Below Fig. 6 showed the results of the immunohistochemistry (IHC) study of the 
pulmonary arteries by actin staining for the clear view of the smooth muscle layer. After 
treatment by getagozumab at 15 mg/kg iv dose for 6 weeks, getagozumab treatment 
inhibited the thickening of the smooth muscle layer.  

After day 1, there was no significant change in body weight with the administration 
of drugs, indicating that each group of drugs had no significant effect on the body 
weight (Fig. 7). The blood and biochemical parameters (including ALT and AST) of the 
animals in each group had no significant changes before and after the administration of 
getagozumab (Supplemental Table S4). During the experiment, no obvious abnormal 
changes were observed clinically, there were no death and near death in the animals, 
and their diet and spirit were fine.  

In summary shown in Table 2 and Table S5, getagozumab reduced the RVSP more 
than ambrisentan with statistical significance (p<0.017) in the MCT-induced PAH 
cynomolgus monkeys. The other two responses of pulmonary arterial hypertrophy 
(p<0.052) and right ventricular hypertrophy (p<0.182) were trends but not statistically 
significant. The data were analyzed by one-way ANOVA and LSD test.  
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For 1.5 mg/kg dose group, blood sera were collected from the animals just before 
and after the 1st and 11th administration, at 0, 5 min, 2, 8, 24, 48, 72, 96 hr. The serum 
concentrations of GMA301 were determined by ELISA for PK parameters: Cmax = 
42.79±8.38 and AUCinf = 4.47±0.57 for the 1st administration; Cmax = 123.66±10.52 
μg/ml and AUCinf = 21.19±11.01 h·mg/ml for the 11th administration. Note: 100 μg/ml 
= 666.7 nM.  

 

Discussion 

G protein-coupled receptors (GPCRs) have been popular targets for small molecular 
drugs and so far there is not much success in the development of antibody therapeutics 
targeting GPCRs (Hutchings CJ et al., 2017). One of the main reasons is due to the 
technical challenges in search of functional antibodies of GPCRs. Here we reported the 
generation and development of a monoclonal antibody (MAb) against endothelin 
receptor A, a GPCR of family A, as a potential treatment for pulmonary arterial 
hypertension (PAH).  

ET-1 expression level is upregulated in patients with PAH, and ETA receptor is also 
highly expressed in pulmonary arterial smooth muscle cells (Giaid A et al., 1993). 
ETA/ET-1 axis contributes to strong vasoconstriction and smooth muscle cell 
proliferation and is pathophysiologically responsible for PAH (Barton M et al., 2008).  
ETB receptors were also proposed to play a role in pathological conditions (Yang LL 
et al., 2004) including PAH (Jasmin JF et al., 2001).   

There were four small molecular drugs targeting endothelin receptor, including 
bosentan, sitaxsentan, macitentan and ambrisentan. These small molecular antagonists 
demonstrated improvements in pulmonary hemodynamics, exercise capacity, 
functional status and clinical outcome in several randomized placebo-controlled 
clinical trials (Barst RJ et al., 2004; Galie N et al., 2008; Iglarz M et al., 2008; Rubin 
LJ et al., 2002), with adverse effects including elevation of liver transaminases, 
peripheral edema, anemia, and gastrointestinal reaction. Sitaxsentan had been approved 
for market in EU in 2006 (Humbert M et al., 2014); However, Pfizer withdrawn the 
drug from the market in 2010 due to several reports of fatal liver injury with the use of 
sitaxsentan in PAH patients (Barst RJ et al., 2006). Bosentan and Macitentan are dual 
ETR antagonists with ETA:ETB affinity ratios of 40:1 and 50:1 respectively (Dupuis J 
and Hoeper MM, 2008; Monaco TJ and Davila CD, 2016; Blok IM et al., 2017). 
Bosentan is associated with abnormal liver function as a common adverse effect in 10% 
of PAH patients, while macitentan is associated with a higher incidence of anemia 
(Vizza CD et al., 2012). Ambrisentan is a relatively selective ETA blocker with an 
ETA:ETB affinity ratio of 77:1 and it demonstrated similar efficacy over bosentan and 
macitentan (Casserly B and Klinger JR, 2009; Humbert M et al., 2014).  
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Theoretically, selective small molecular antagonists of ETA should be more 
effective than non-selective small molecular antagonists, give the role played by ETB 
in both vasodilation and ET-1 clearance (Seferian A et al., 2013). There is uncertainty 
as to whether the small molecular ERAs reduce mortality in the PAH patients, since the 
evidence that the small molecular ERAs have an impact on the risk of death may be 
limited by the short duration of the studies and infrequent occurrence of this event in 
some trials (Liu C et al., 2013; Monaco TJ et al., 2016; Vaidya B et al., 2017).  

In this report, we undertook a novel approach by generating getagozumab, an 
antagonistic MAb targeting human ETA. This is the first report of such an inhibitory 
MAb of ETA. Getagozumab is not only safe in general but also truly selective towards 
ETA. Getagozumab was found to have no side effects of liver toxicity and edema in the 
preclinical studies with cynomolgus monkeys. Getagozumab binds to monkey and 
human ETA specifically. The in vitro functional activity of getagozumab was studied in 
a cell-based calcium influx assay with an IC50 of 37.9 nM.   

PK study of getagozumab in cynomolgus monkeys revealed that, at single iv dose 
of 5,15, or 50 mg/kg, its half-life (T1/2) is in the range of 7.21 to 9.9 days, and thus 
getagozumab may serve as a once-a-month treatment for PAH patients.   

Acute and chronic toxicity studies were also pursued with NOAEL of 750 mg/kg 
for single-dose toxicity and NOAEL of 250 mg/kg for 4-week toxicity. The 250 mg/kg 
dosage is 50 times higher than the intended human clinical dose. Getagozumab has a 
clean safety profile, and no abnormalities in body weight, blood pressure, food 
consumption, ECG and clinical pathology tests, were observed despite the high doses.  

Hypoxia-induced rodent PAH model and MCT-induced rat model have been 
commonly used for the study of PAH (Zielin´ski J, 2005; Ruiter G et al., 2013). Since 
getagozumab does not cross-react with mouse or rat ETA, PAH monkey model is 
needed for efficacy assessment. The hypoxia-induced PAH monkey model was 
established by acutely giving 12% hypoxia which resulted in the rise of pulmonary 
arterial pressure. The effect of getagozumab at 5 mg/kg iv dose was similar to 
ambrisentan at 1 mg/kg intragastric dose which is equivalent to two-fold of its clinical 
dose. Getagozumab showed a trend towards efficacy in reducing pulmonary arterial 
pressure up to 168 hours (Fig. 4) with no statistical significance, and 3 monkeys were 
used in the experiment.  

MCT-induced PAH model was also established in cynomolgus monkeys to study 
the pathological changes before and after the treatment of getagozumab. In comparison 
with the MCT model group, the right ventricular pressure, pulmonary arterial and 
ventricular hypertrophy were decreased significantly (p<0.001) by as much as 54.0%, 
47.8% and 38.7% respectively, after iv injection of getagozumab at 15 mg/kg dose, 
twice per week for 6 weeks.  
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Furthermore, getagozumab at 15 mg/kg dose was significantly more efficacious 
than ambrisentan on the right ventricular systolic pressure (RVSP), and here 15 mg/kg 
dose of getagozumab corresponds to its human dose of 300 mg clinically. At such a 
dose with PAH cynomolgus monkeys, getagozumab suppressed the rise of the 
pulmonary pressure completely. Importantly, deriving from the repeated dose toxicity 
study, even higher therapeutic dose could still be applied safely.   

We reported the first antagonistic Mab targeting human ETA. The data of the 
preclinical studies demonstrated that getagozumab was long-lasting and significantly 
effective in attenuating right ventricular pressure, pulmonary arterial and right 
ventricular hypertrophy. Getagozumab had a clean safety profile. US FDA has granted 
orphan drug designation to getagozumab and clinical studies are under way to establish 
getagozumab as a novel and efficacious therapy for PAH patients.  
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Legends for Figures 

Fig. 1. (A)-(D). FACS analysis of 10 nM of Dylight 488-labeled getagozumab binding 
to human ETA (hETA), human ETB (hETB), macaque ETA (maETA), rat ETA (rETA)-
expressing CHO cells.  

Fig. 2. (A). Saturation binding of Dylight 488-labeled getagozumab to CHO-DHFR-
hETA cells (circles) and parental cells (squares). The geometric mean of fluorescence 
was calculated at each concentration of Dylight 488-labeled getagozumab, and the data 
is fitted with one-site binding curve for the dissociation constant, Kd. (B). Inhibition of 
ET-1-induced calcium influx by getagozumab and ambrisentan in hETA/aequorin co-
expressing CHO cell line, with ET-1 at 20 nM. (C). Inhibition of ET-1-induced calcium 
influx by bosentan, but not by getagozumab in hETb/aequorin co-expressing CHO cell 
line, with ET-1 at 10 nM.  

Fig. 3. Pharmacokinetics of getagozumab in cynomolgus monkeys. Getagozumab was 
administered as a single iv dose of 5, 15 or 50 mg/kg; getagozumab in the blood was 
determined by sandwich ELISA. All data were expressed as means ± SEM, n = 6; Note: 
ng/ml vs. nM in the figure, 1000 ng/mL = 6.67 nM.  

Fig. 4. Attenuation of right ventricular systolic pressure (RVSP) after a single 
administration of getagozumab at 5 mg/kg iv dose in the acute hypoxia-induced PAH 
cynomolgus monkeys. The yellow column represents the zero time point before drug 
treatment and here the pulmonary systolic blood pressures before and after drug 
administration are compared. 

Fig. 5. (A)-(C). Attenuation of the right ventricle systolic pressure (RVSP), pulmonary 
arterial wall thickness (PAWT) and right ventricular hypertrophy (Fulton’s Index) after 
iv injection of getagozumab twice a week for six-week in the MCT-induced PAH 
cynomolgus monkeys. All data was presented as Mean ± SEM and analyzed statistically 
by one-way ANOVA plus Dunnett's t test.  

Fig. 6. Attenuation of pulmonary arterial hypertrophy in MCT-induced PAH 
cynomolgus monkeys was reflected in the actin staining of the smooth muscle layer of 
the lung tissue slices. The magnification for each image is 200-fold.  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 16, 2019 as DOI: 10.1124/jpet.118.252700

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET#252700 

18 
 

Fig. 7. Body weight before and after dosing of getagozumab.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 16, 2019 as DOI: 10.1124/jpet.118.252700

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET#252700 

19 
 

TABLE 1 
The PK profile of getagozumab (Note: μg/ml vs. nM in the table, 100 μg/ml = 666.7 
nM). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dose 
mg/kg 

T1/2 Cmax AUCinf 

(days) (μg/ml) (h·mg/ml) 

5 9.90±1.33 98.22±16.81 18.23±3.12 

15 7.21±2.63 317.57±38.19 40.26±15.21 

50 7.23±1.03 1014.96±73.63 137.50±23.34 
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TABLE 2 
The right ventricle systolic pressure (RVSP) in the efficacy study of the MCT-induced 
PAH monkeys. The data were analyzed by one-way ANOVA and LSD test.   
 
                                                 Getagozumab 

RVSP 
Sham 

G1 
MCT Model 

G2 
Ambrisentan 

G3 
1.5 mg/kg 

G4 
5 mg/kg 

G5 
15 mg /kg 

G6 

Cyno 1 17.4  40.3  21.7  34.0  20.5  18.2  

Cyno 2 13.8  43.0  20.2  42.2  25.0  17.5  

Cyno 3 15.4  39.8  32.4  19.6  22.7  20.3  

Cyno 4 16.3  40.6  31.6  37.6  22.0  19.2  

Cyno 5 22.6  43.7  23.7  43.4  29.7  21.2  

Cyno 6 16.4  44.3  28.4  41.1  17.0  19.3  

Mean 17.0 42.0 26.3 36.3 22.8 19.3 

SD 3.0 1.9 5.2 8.9 4.3 1.3 

p values vs. 
ambrisentan 

0.002 0.000004  0.001 0.215 0.017 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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