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Abstract 

The Janus-activated kinase family (JAK) together with Signal transducer and 

activator of transcription (STAT) signaling pathway have a key role in regulating the 

expression and function of many inflammatory cytokines. This has led to the 

discovery of JAK inhibitors for the treatment of inflammatory diseases, some of them 

already in the market. Considering the adverse effects associated with JAK inhibition 

by oral route, we wanted to explore if JAK inhibition by inhaled route is enough to 

inhibit airway inflammation. The aim of this study was to characterize the enzymatic 

and cellular potency and the selectivity of LAS194046, a novel JAK inhibitor, 

compared with the reference compounds ruxolitinib and tofacitinib. The efficacy of 

this new JAK inhibitor is described in a model of ovalbumin (OVA)-induced airway 

inflammation in Brown Norway rats by inhaled administration. As potential markers of 

target engagement we assessed the effect of LAS194046 on the  STATs activation 

state. LAS194046 is a selective inhaled pan-JAK inhibitor that reduces allergen-

induced airway inflammation, late asthmatic response and phosphor-STATs 

(pSTATs) activation in the rat OVA model. Our results show that topical inhibition of 

JAK in the lung, without relevant systemic exposure, is sufficient to reduce lung 

inflammation and improve lung function in a rat asthma model. In summary, JAK-

STAT pathway inhibition by inhaled route constitutes a promising therapeutic option 

for lung inflammatory diseases. 
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Introduction 

The JAK family of cytoplasmic tyrosine kinases comprises four isoforms, JAK1, 

JAK2, JAK3 and TYK2. JAK kinases have a key role in cytokine function, transducing 

cytokine-mediated signals through the association and activation of STAT proteins 

(signal transducers and activators of transcription factors) (Yamaoka, 2004). Seven 

different STAT members (STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B and 

STAT6) have been described (Shuai, 2006). Upon cytokine binding, receptor 

intracellular domains reorient and physically contact the JAK proteins to receive the 

phosphorylation modification. This process creates binding sites for the Src 

homology 2 (SH2) domains of the STATs, thereby recruiting and phosphorylating the 

corresponding STATs, which dimerize and move to the nucleus to activate gene 

expression involved in inflammatory responses (Murray, 2007). Different interactions 

of JAK isoforms are used by many cytokine-receptor complexes. The receptors for 

cytokines such as IL-2, IL-4, IL-7, IL-9, IL-15, IL-21, preferentially interact with JAK3 

and JAK1 and is primarily associated with adaptive immunity (Suzuki, 2000). 

Relevant pro-inflammatory cytokines associated with innate immune response such 

as type II INFγ and IL-6 receptor interact in both cases with JAK1 and JAK2 but also 

with TYK2 in the case of IL-6 (O'Shea and R. Plenge, 2012). JAK2 associates with 

the IL-3 and IL-5 cytokine receptors, but also in the receptors of GM-CSF, 

erythropoietin and thrombopoietin, indicating that JAK2 plays a role not only in the 

signalling of pro-inflammatory cytokines, but also in processes of haematopoiesis 

(Park, 2013). JAK2 as well as TYK2 interact with IL-12 and IL-23 cytokine receptors 

that are associated with Th1 and Th17 differentiation, respectively (Minegishi, 2006). 

Both JAK2 and TYK2 together with JAK1 associate with IL-13 receptor related with 

Th2 phenotype after recruitment of STAT6, in fact polymorphisms of the later are 
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associated with asthma, atopy and increased levels of IgE (O’Shea, 2015). Showing 

as a whole the impact of the JAK-STAT pathway on human disease and potential for 

therapeutic intervention. 

 

JAK inhibitors (Jakinibs) such as ruxolitinib (Jakafi®; Incyte/Novartis), tofacitinib 

(Xeljanz®; Pfizer) and baricitinib (Olumiant®; Incyte/Eli Lilly) have been approved by 

the Food and Drug Administration). Ruxolitinib is a pan-JAK inhibitor effective in the 

treatment of myeloproliferative neoplasms (Geyer and Mesa, 2014) that is currently 

being evaluated in clinical studies (clinicaltrials.gov) for different malignancies and 

inflammatory diseases such as alopecia areata (Mackay-Wiggan, 2016), vitiligo 

(Rothstein, 2017) and psoriasis (Hsu, 2014). Tofacitinib is also a pan-JAK inhibitor 

(Flanagan, 2010) with less affinity for JAK2 than ruxolitinib that has been approved 

for the treatment of rheumatoid arthritis in patients who have an inadequate response 

to methotrexate (Anonymous, 2012). Other indications such as psoriasis (Ports, 

2013), ulcerative colitis (Sandborn, 2012) and Crohn’s disease (Vuitton, 2013) are 

under clinical investigation. Furthermore, other JAK inhibitors are also under 

development for oncology indications, where JAK activation and signalling plays a 

relevant role (Dymock, 2014). More recently, in February 2017, baricitinib was 

approved for use in the European Union as a second-line therapy for moderate to 

severe active rheumatoid arthritis in adults, either alone or in combination with 

methotrexate (EMA, 2017) with other indications such as lupus erythematosus and 

atopic dermatitis under clinical investigation (Wallace, 2018; Guttman-Yassky, 2018). 

 

In the respiratory area, JAK inhibitors have demonstrated promising results in in vitro 

studies with cells isolated from asthma patients showing reduction of cytokine levels 
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and an additive effect in combination with corticosteroids (Southworth, 2016).  In in 

vivo models of airway inflammation a reduction in lung inflammation has been 

reported (Ashino, 2014; Kudlacz, 2008; Calama, 2017), suggesting that JAK 

inhibition is a potential therapeutic target for the treatment of respiratory inflammatory 

diseases such as asthma and COPD. Inhaled JAK inhibitors could be a relevant 

option in order to avoid potential systemic adverse effects associated to oral JAK 

inhibitors such as infections, intestinal perforations, malignancies, and changes in 

haematological and biochemical parameters including lymphopenia, neutropenia, 

increased levels of liver transaminases and lipids (Winthrop, 2017). A pan-JAK 

inhibitor from Pfizer (PF-06263276) (Jones, 2017) is in preclinical studies by inhaled 

route for inflammatory diseases of the lungs, but no inhaled compound has reached 

clinical studies yet. 

The aim of this study has been to describe the in vitro and in vivo profile of 

LAS194046 by intratracheal (i.t.) route. For comparison purposes the JAK inhibitors 

ruxolitinib and tofacitinib were also tested in the in vitro assays. Obtained results 

show that LAS194046 administered by i.t. route reduces allergen-induced airway 

inflammation, late asthmatic response and pSTATs activation in an ovalbumin 

(OVA)-challenged model in Brown Norway rats. Our data support the use of JAK 

inhibitors by inhaled route for the treatment of asthma. 
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Material and Methods  

Materials 

3-((3R)-3-{[6-(4-{4-[2-(dimethylamino)ethoxy]benzyl}piperazin-1-yl)-5-fluoro-2-

pyrazolo[1,5-a]pyridin-3-ylpyrimidin-4-yl]amino}piperidin-1-yl)-3-oxopropanenitrile 

(LAS194046) was synthesized at Almirall S.A.’s Department of Medicinal Chemistry 

(Sant Feliu de Llobregat, Spain; Fig.1). Synthesis of LAS194046 is reported in patent 

application WO2015/086693. An article describing the work made in Almirall leading 

to the discovery of LAS194046 will be published in due course. 

Ruxolitinib and tofacitinib were purchased from LC Laboratories (Woburn, MA, USA) 

and MedChem Express (Monmouth Junction, NJ, USA) respectively. 

 

Animals 

Male Sprague Dawley rats (250 – 300 g), male Wistar rats (250 g) and Brown 

Norway rats (150 – 170 g) were purchased from a commercial breeder (Charles 

River Laboratories, Barcelona, Spain) and housed at the animal facilities of Almirall 

S.A. throughout the study. They were housed in ventilated cages and kept in a room 

with controlled conditions of light (lights on from 07:00 to 19:00 h, with 30 minutes of 

dawn and dusk), ventilation (15 to 20 air changes per hour), temperature (22 ± 2ºC), 

and humidity (55 ± 10%). These conditions were maintained during a 5-day 

acclimation period. A standard rodent diet (2014 Teklad Global 14% Protein Rodent 

Maintenance Diet, Envigo, Barcelona, Spain) and water were available ad libitum 

throughout the study. The care of animals was undertaken in compliance with the 

European Committee Directive 2010/63/EU and the Spanish and autonomous 

Catalan laws (Real Decreto 53/2013 and Decret 214/1997). Experimental procedures 
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were reviewed by the Animal Welfare Body of Almirall and approved by the 

Generalitat de Catalunya as competent authority. 

 

JAK isoforms enzymatic assay 

The enzymatic activity of the different recombinant kinases: JAK1 (Life Technologies, 

Thermo Fisher Sci, Waltham, MA USA), JAK2, JAK3 and TYK2 (Carna Biosciences, 

Kobe, Japan), were measured by Homogeneous Time Resolved Fluorescence 

(HTRF)  with ATP concentration fixed at the Km for each JAK isoform.  

Compounds were initially solubilized in DMSO at 1 mM stock concentration and 

dilutions were performed to finally reach 5 % DMSO in the mixture of the substrates 

ATP (Sigma-Aldrich Co. Ayrshire, UK) and PolyGT-Biotin (Cisbio, Codolet, France) at 

a final concentration equivalent to their respective Km. The catalytic reaction was 

then started with the addition of the enzymes. The time of assay and enzyme 

concentration were optimized to work in the linear range. An EDTA solution was 

added to stop the reaction in combination with a mixture of Streptavidin-XL665 and 

Phospho-Tyrosine Cryptate antibody (Cisbio, Codolet, France) to detect the enzyme 

activity. The concentration of Streptavidin-XL65  was optimized for each single 

kinase assay while the concentration of the Phospho-Tyrosine Cryptate antibody was 

constant as specified by the supplier. Final Assay conditions: 

 

         *Enzyme concentration in the assay depends on enzyme batch. 

Enzyme Reaction 
Time (min) 

[Enz]* 
(nM) 

[ATP] 
(µM) 

[polyGT] 
(nM) 

JAK1 30 7.5 3 60 
JAK2 30 2 0.2 30 
JAK3 30 0.3 0.6 140 
TYK2 15 10 1.75 50 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on May 13, 2019 as DOI: 10.1124/jpet.119.256263

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET # 256263 

9 

Sample reading was performed between 3 and 20 hours as signal remained stable. 

Dose-response curves and IC50s were obtained by using a four parameter log 

equation according to model 204 in Excel fit software.2.3.  

 

Cytotoxicity assay 

CHO-K1 cells (ATCC, Manassas, VA, USA) were seeded at a concentration of 

104cells/well in 96-well plate (100 µl). Compounds were initially solubilized in DMSO 

at 10 mM stock concentration and dilutions were performed to finally reach 1% 

DMSO in F12 culture medium with 0.5% FBS for a 24 hour incubation of, cells. The 

reduction of the ATP-status of the cells was studied with ATPLite, a luminescence 

ATP detection assay system (PerkinElmer, Boston, MA, USA) according to the 

manufacturer instructions, and luminescence was measured using a Luminoskan 

luminometer (Thermo Fisher Sci, Waltham, MA, USA). The inhibition of the ATP 

status for the different compounds was determined by using eight different 

concentrations ran in duplicate. Dose-response curves and IC50 were obtained by 

using a four parameter log equation according to model 204 in Excel fit software.2.3.  

 

JAK isoforms cellular assays in human peripheral blood mononuclear cells 

(PBMCs) 

Whole blood was obtained from consenting human volunteers (in accordance with 

the Spanish biomedical research law 14/2007, which complies with the Helsinki 

declaration). PBMCs were isolated in a Ficoll gradient, resuspended in RPMI 1640 

medium and seeded at a concentration of 3x105 cells/well in 96-well plates (95 µl). 
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Compounds were initially dissolved in 100% DMSO and were diluted to reach a final 

concentration in cells of 0.5%. Cells were pre-incubated with the test compounds for 

30 min at 37ºC and 5% CO2 and then activated with the corresponding cytokine: 

For IL-4/GM-CSF-induced pSTAT6 and pSTAT5 assay, cells were activated with 1 

ng/ml IL4 and 0.015 ng/ml GM-CSF for 30 min. Then, cells were fixed with Cytofix 

buffer (BD Biosciences, Erembodegem, Belgium) for 10 min at 37ºC, permeabilized 

for 30 min on ice and stained with P-STAT6-Alexa 647 (pY641)  and  P-STAT5-Alexa 

488 (pY694) antibodies (612601 and 612588 BD Biosciences, Erembodegem, 

Belgium) for 30 min at room temperature.  

For IFN-α-induced pSTAT1 and IL12-induced pSTAT4 assays in human 

lymphocytes, cells were activated with 700U/ml IFN-α or with 6ng/ml IL12 for 30 min. 

Then, cells were fixed with Cytofix buffer for 10 min, permeabilized for 30 min on ice 

and stained with P-STAT1-Alexa 488 (pY701) antibody (612596 BD Biosciences, 

Erembodegem, Belgium) or with P-STAT4-Alexa 647 (pY693) antibody (558137 BD 

Biosciences, Erembodegem, Belgium) for 30 min at room temperature.  

PBMCs were washed and resuspended in buffer for cytometric analysis in a FACS 

Calibur (BD Biosciences, Erembodegem, Belgium). Lymphocytes were identified by 

size and complexity in a FSC/SSC plot and monocytes were identified as CD33 

positive cells (Figure 2). In the case of lymphocytes, results were expressed as a 

change in median of fluorescence intensity for pSTAT1 or pSTAT4 or pSTAT6 and 

for monocytes for pSTAT5 or pSTAT6. IC50 values were determined by non-linear 

regression using XL-fit software for calculations. 
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IL-4-induced pSTAT6 in rat monocytes 

Whole blood was obtained from the abdominal aorta of Sprague Dawley rats. PBMCs 

were isolated in a Ficoll gradient, resuspended in RPMI 1640 medium and seeded in 

a 96-well plate (5x105 cells/well). Cells were pre-incubated with the test compounds 

for 30 min at 37ºC and 5% CO2 and activated with 1 ng/ml IL4 for 20 min. Then cells 

were fixed with Cytofix buffer (BD Biosciences, Erembodegem, Belgium) for 10 min 

at 37ºC, permeabilized for 30 min on ice and stained with P-STAT6-Alexa 647 

(pY641) antibody (558242, BD Biosciences, Erembodegem, Belgium) for 30 min at 

room temperature. PBMCs were washed and resuspended in buffer for cytometric 

analysis in a FACS Calibur (BD Biosciences, Erembodegem, Belgium). Results were 

expressed as a change in median of fluorescence intensity for pSTAT6 in monocytes 

(HIS48+ cells). IC50 values were determined by non-linear regression using XL-fit 

software for calculations. 

 

Selectivity assays 

Selectivity against 220 kinases was assessed at 10 µM in different Kinase panels 

(Millipore, Dundee, UK) by filtration and results were expressed as percentage of 

inhibition of specific binding measured in the presence of the specific ligand (data not 

shown for all kinases). Assays were performed at the corresponding Km of ATP for 

each enzyme. When significant inhibition (> 80%) was obtained for a particular target 

from these panels, studies to determine IC50 were performed. If required, subsequent 

studies to assess cellular inhibition were also considered.  

 

Pharmacokinetic study and sample analysis 
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Male Wistar rats weighing approximately 250 g were anesthetized with 4% isoflurane 

and placed in a supine position. Two hundred µL of the test compound in solution 

(0.38 mg/ml), prepared in PBS with 0.2% Tween80® and 2% DMSO (pH:6), were 

administered directly into the trachea using a Liquid MicroSprayer® (Penn-Century 

Inc. Wyndmoor, PA, USA). At pre-defined time points (0.01, 0.1, 1, 5, 22 h), blood 

samples were collected and centrifuged to obtain blood plasma. Lungs were 

harvested after perfusion with saline through the right ventricle of the heart. Plasma 

samples were precipitated with acetonitrile, centrifuged and the supernatant analyzed 

by LC-MS/MS. Lungs were homogenized with methanol (4:1; w/v)) using an 

UltraTurrax (IKA-Werke, Staufen, Germany). The homogenates were then sonicated, 

centrifuged and the supernatants analyzed by LC-MS/MS. Chromatographic 

analyses were accomplished on a reversed-phase column (C18) followed by mass 

spectrometric detection in MRM mode. 

 

OVA-induced inflammation and late asthmatic response in Brown Norway Rats. 

Male BN rats weighing around 150-170 g on the sensitization date were 

intraperitoneally sensitized on days 0, 14 and 21 with OVA (Sigma-Aldrich Co. 

Ayrshire, UK) 100 µg and Imject Alum adjuvant (Thermo Fisher Sci, Waltham, MA, 

USA) 20 mg in 1 ml saline. On day 28, animals were intratracheally treated with 0.2 

ml LAS194046 (0.3 mg/kg and 1 mg/kg in 5%DMSO, 0.05% HCl 1N in PBS), vehicle 

(5%DMSO, 0.05% HCl 1N in PBS) or fluticasone (0.3 mg/kg in 0.2% Tween 80 in 

PBS) using a Microsprayer® (Penn-Century Inc. Wyndmoor, PA, USA). The effect of 

the vehicle used for fluticasone (0.2% Tween 80 in PBS) was not tested in this study 

as previous internal experience with this vehicle shows no effect in this model. After 

1h, animals were challenged with 1% OVA  or saline for 30 min administered by 
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aerosol in an exposure chamber using a DeVilbiss UltraNeb Ultrasonic Nebuliser 

(DeVilbiss Healthcare international, Mannheim, Germany). Immediately after 

challenge, animals were placed in Plethysmography chambers (Buxco Research 

Systems, Wantage, UK) in order to record changes in Penh for 6 hours, as 

measurement of lung function changes. 24h after the OVA challenge, animals were 

terminally anaesthetized with a dose of 200 mg/kg sodium pentobarbital administered 

intraperitoneally and lung and bronchoalveolar lavage fluid (BALF) samples were 

obtained. For BALF samples, the trachea was cannulated and the lungs lavaged 

twice with 3 ml of PBS containing 5% FBS to measure neutrophils, eosinophils and 

erythrocytes with an hematology analyzer Sysmex XT-2000iV (Sysmex Corporation, 

Kobe, Japan). For target engagement studies, lung samples were obtained 1h after 

the OVA challenge. Data were expressed as Mean +/- SEM.  

 

Target engagement studies in rat lungs from the OVA-induced airway 

inflammation model 

Rat lung samples (the peripheral portion of the right caudal lobe) were obtained 1h 

after the OVA challenge and placed into a lysing matrix D tube with a 1.1 mm 

ceramic sphere  (MP Biomedicals, Santa Ana, CA, USA) and lysis buffer containing 

protease inhibitor cocktail set III (Merck Chemicals, Darmstadt, Germany). Samples 

were then homogenized using a FastPrep-24 homogenizer (MP Biomedicals, Santa 

Ana, CA, USA) at 6 m s-1 for 20s and 2 cycles. 

pSTAT3 in tyrosine 705 was routinely analyzed in lung homogenates by ELISA 

following manufacturer instructions (STAT3, pY705, phosphoELISATM Kit, Life 

technologies S.A., Alcobendas, Spain). Total STAT3 was measured by Luminex® 
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technology following manufacturer instructions (MILLIPLEX® MAP Total STAT3 

MAPmate, Millipore, Molsheim, France) 

Lung homogenates (40 µg of protein) were run on a 7.5% sodium dodecyl sulphate-

polyacrilamide gel electrophoresis (SDS-PAGE) (Bio-Rad, Hercules, CA, USA) and 

then transferred to a 0.2 µm nitrocellulose membrane. After blocking with 5% BSA in 

TBS-Tween buffer, membranes were incubated with the primary antibody rabbit anti-

phospho-STAT1 (Tyr701) at 1:2000 dilution (7649S Cell Signaling, Danvers, MA, 

USA) or anti-phospho-STAT6 (Tyr641) at 1:2000 dilution (11050 Signalway Antibody, 

College Park, MD, USA) at 4ºC overnight. Then, the membranes were incubated with 

horseradish peroxidase-conjugated anti-immunoglobolin G at 1:20000 dilution, 

detected by Luminata Forte Western HRP substrate (Millipore, Burlington, MA, USA) 

and images acquired by the densitometry system Image Lab (Bio Rad, Hercules, CA, 

USA). To detect total STAT1 and total STAT6 membranes were striped 10 min with 

Restore Western Blot stripping buffer (Thermo Fisher Sci, Waltham, MA, USA) and 

re-probed following the method described above but using rabbit anti-STAT1 

antibody at 1:2000 dilution (9172S Cell Signalling, Danvers, MA, USA) or mouse anti-

STAT6 antibody at 1:1000 dilution (ab130235 Abcam, Cambridge, UK). Detection of 

house-keeping protein was also performed on the same membrane by using mouse 

anti-beta-actin at 1:2000 dilution (8H10D10 Thermo Scientific Sci, Waltham, MA, 

USA) to confirm the same amount of proteins were loaded. 

Analysis and quantification of Western Blot images were done with the Image Lab 

software (Bio-Rad, Hercules, CA, USA). To quantify the optical density for each 

band, the area under the curve was calculated. These data were used to calculate 

the ratios of  pSTAT/total STAT and total STAT/beta-actin. 
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Statistical analysis 

In the in vivo experiments comparisons between groups were done using a one way 

analysis of variance (ANOVA) followed by Dunnett's post hoc test using GraphPad 

Prism software (GraphPad Software Inc, San Diego, CA, USA). Differences were 

considered significant when p<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on May 13, 2019 as DOI: 10.1124/jpet.119.256263

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET # 256263 

16 

3 Results 

3.1 Potency of LAS194046 in enzymatic assays for the different JAK isoforms. 

The enzymatic activity of LAS194046 (see structure in Figure 1), was measured with 

HTRF using the ATP concentration that corresponds to the Km for each JAK 

isoforms. 

LAS194046 was a potent JAK1, JAK2 and JAK3 inhibitor with IC50 of 5.46, 0.4 and 

2.07 nM, respectively and less potent in TYK2 activity assay with an IC50 of 21.8 nM. 

For comparison, ruxolitinib behaved as LAS194046 in JAK1, JAK2 and JAK3 but was 

more potent in TYK2 and tofacitinib was less potent in JAK1, JAK2 and TYK2 than 

LAS146046 (Table 1) 

 

3.2 Potency of LAS194046 in human cellular assays . 

To evaluate LAS194046 cellular inhibition of JAK isoforms in human primary cells, 

several assays based on dual phosphorylation in human PBMCs were established as 

described in Material and Methods. Flow cytometric analysis was performed to 

measure IL-4-induced pSTAT6 in lymphocytes and monocytes (JAK1/JAK3 activity) 

and GM-CSF-induced pSTAT5 in monocytes (JAK2/JAK2 activity). Lymphocytes 

were identified by size and complexity in a FSC/SSC plot and monocytes were 

identified as CD33 positive cells (Figure 2A). The results of this study showed that 

LAS194046 is effective at blocking cytokine signaling depending on JAK1/JAK3, both 

in lymphocytes and monocytes (Figure 2B,C), and JAK2/JAK2 in monocytes with IC50 

of 16 nM, 26 nM and 37 nM, respectively (Table 2). Ruxolitinib showed similar 
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potency than LAS194046 and tofacitinib was less potent at inhibiting cellular 

JAK2/JAK2 activity with an IC50 of 200 nM. 

IFNα stimulation activates JAK1/TYK2 and results in the phosphorylation of STAT1. 

To measure the inhibitory activity of LAS194046 on JAK1/TYK2 signaling, a cellular 

assay based on flow cytometry analysis was established in PBMCs to measure 

inhibition of IFNα-induced pSTAT1 in lymphocytes (Figure 2B). The results of this 

study showed that LAS194046 is effective at blocking this signaling that depends on 

JAK1/TYK2 with a potency of 24 nM. Ruxolitinib and tofacitinib showed similar 

potency than LAS194046 with IC50 of 11 and 52 nM, respectively (Table 2). 

To further characterize the cellular JAK isoforms inhibited by LAS194046, an assay 

dependent on JAK2/TYK2 signaling was established also in PBMCs stimulating with 

IL-12 and measuring the phosphorylation of STAT4 in lymphocytes also by flow 

cytometry (Figure 2B). This study showed that LAS194046 blocks this signaling with 

an IC50 of 220 nM being more potent than tofacitinib with an IC50 of 1445 nM and less 

potent than ruxolitinib with an IC50 of 35 nM (Table 2). 

As a whole, the results obtained in the different cellular assays suggest that 

LAS194046 is a pan-JAK inhibitor that blocks JAK1/3, JAK1/TYK2 and JAK2/JAK2-

dependent cellular assays with similar potency and that is less potent in the 

TYK2/JAK2 cellular assay (Table 2, Figure 2). 

In order to establish the potency in a rat cellular assay, LAS194046 was also tested 

in  rat PBMCs stimulated with IL-4 to measure pSTAT6. Interestingly, LAS194046 

showed very similar potency at inhibiting pSTAT6 in rat cells with an IC50 of 15 nM, 

demonstrating a good cellular activity translation between human and rat species and 

thus, supporting its evaluation in the rat efficacy model. 
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3.3 Selectivity against kinases and cytotoxicity 

The selectivity of LAS194046 was tested against a panel of 220 kinases. 82% of the 

tested kinases showed less than 80% inhibition at 10 µM. Figure 3 shows a 

representative panel of 38 kinases biased towards those kinases with frequent cross 

reactivity with JAK inhibitors. JAK1 was included as positive control. Twelve kinases 

of this panel including Abl, Fgr, Flt1, Flt3, Flt4, Fms, Fyn, Lck, Lyn, Ret, Trk A and 

Yes were inhibited  more than 80% by LAS194046 at 10 µM. For these kinases the 

enzymatic IC50 was determined showing values above 100 nM except for Flt3 and 

Trk A with values of 9 and 12 nM, respectively. For these last two kinases the IC50 for 

LAS194046 was determined in cellular assays showing values of 190 nM for Flt3 and 

590 nM for Trk A. 

To ensure that compound was not cytotoxic, cell viability was measured in CHO-K1 

cells by using the ATP-lite assay (measurement of intracellular ATP levels). Results 

obtained after 24h of compound incubation showed that LAS194046 had poor 

cytotoxic effect with an IC50 of 45 µM, much above of the concentrations tested in the 

different cellular assays (aprox. 200-2800 fold). Tofacitinib and ruxolitinib showed 

also a minor effect in this assay with 12 % and 23% inhibition of cell viability at 100 

µM, respectively.  

 

3.4 Pharmacokinetic (PK) profile of LAS194046 

The pharmacokinetic profile of LAS194046 was evaluated in Wistar rat after single i.t. 

administration before performing in vivo efficacy studies. The lung concentrations 

decreased slowly over time with 2 % of compound in the lung at the time-point of 24 
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h and a lung half-life of 11.4 h. Plasma exposure was very low, with half-life in 

plasma of 8.4h. Free tissue levels in the lung were above the IC80 of the rat cellular 

assay at the moment of the challenge (Figure 4 Table 3). The lung/plasma 

partitioning was 3500 and the lung bioavailability after i.t. administration was very 

high (73%). As a whole, LAS194046 had an excellent prolife for the inhaled route and 

could be evaluated in the OVA model in rat by the i.t. route. 

 

3.5 Effects of inhaled LAS194046 in the OVA-induced inflammation and late 

asthmatic response (LAR) in Brown Norway rats . 

Considering the promising results obtained with LAS194046 in in vitro studies and 

the sustained lung levels observed in the rat PK, the model of OVA-induced 

inflammation and LAR was selected to assess the in vivo efficacy. In this model, OVA 

challenge in sensitized rats causes an allergic inflammatory response that includes 

influx of inflammatory cells to the airways of the animals and functional lung changes 

that mimic certain features of human asthma (see Figure 5, comparison between 

vehicle+saline and vehicle +OVA-vehicle groups). Administration of LAS194046 at  1 

mg/kg, i.t. 1 h before OVA aerosol challenge caused an inhibition of eosinophils and 

neutrophils infiltration in BAL fluid of 64 % and 63%, respectively (Figure 5A). Results 

obtained at 0.3 mg/kg did not show significant inhibition. Fluticasone at 0.3 mg/kg, 

used as positive control, provided the expected result causing an inhibition of 

neutrophils and eosinophils infiltration of 87% and 34%, respectively.  

In terms of lung function, OVA induced an increase in the late bronchoconstrictive 

response (LAR) measured as an increase in the Penh (Figure 5B).  LAS194046 

significantly inhibited the LAR by 61 % at the dose of 1 mg/kg. At 0.3 mg/kg an 
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inhibition of 10 % was also observed, but without reaching statistical significance. As 

expected, positive control fluticasone inhibited the LAR in a significant way (76%). 

3.6 Target engagement studies in the rat OVA model by measuring pSTAT1, 

pSTAT3 and pSTAT6 as markers of JAK signaling pathway. 

Several studies were performed to assess the activation of the different pSTATs as 

potential target engagement markers for JAK inhibitors in the rat OVA model. 

Analysis of pSTAT3 in lung homogenates was performed by ELISA and pSTAT1 and 

pSTAT6 were studied by western blot. Initial internal studies showed that OVA 

induced a rapid phosphorylation of STAT1, 3 and 6 in lung homogenates, with an 

initial peak between 1-3 h after OVA challenge (Figure 6) with no relevant effect on 

total STATs,  suggesting that one hour after OVA challenge was a suitable time point 

to assess the inhibitory effect of LAS194046 on the phosphorylation  of these 

pSTATs in lung. 

LAS194046 dose-dependently inhibited OVA-induced pSTAT3 in lung homogenates 

reaching 50% inhibition at the dose of 1 mg/kg with statistical significance. 

Fluticasone also significantly inhibited pSTAT3 phosphorylation at 0.3 mg/kg (Figure 

7C). In addition to pSTAT3, LAS194046 at 1 mg/kg i.t. almost completely inhibited 

pSTAT1 (79%) and pSTAT6 (91%), similarly to fluticasone (83% and 104%, 

respectively) (Figure 7A, B). Total STAT1, 3 and 6 protein expression was not 

affected by the acute OVA treatment, changes were only observed in protein 

phosphorylation.  

Considering that higher inhibition was observed for pSTAT6, a dose response study 

was performed to explored the effect of lower doses of LAS194046 on STAT6 

phosphorylation. LAS194046 dose-dependently inhibited OVA-induced pSTAT6 in 
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lung homogenates reaching the doses of 0.3 mg/Kg and 1 mg/Kg (80%) statistical 

significance. Fluticasone also significantly inhibited pSTAT6 expression at 0.3mg/kg  

(Figure 7D).  
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4 Discussion 

The aim of this study was to generate evidences that JAK-STAT pathway inhibition 

by inhaled route constitutes a promising therapeutic option for lung inflammatory 

diseases such as asthma. We describe the profile of LAS194046, a novel inhaled 

JAK inhibitor, that reduces allergen-induced airway inflammation, late asthmatic 

response and pSTATs activation in the rat OVA model by i.t. route. 

Results obtained in our biochemical assays show that LAS194046 is a pan-JAK 

inhibitor, potent in JAK1-3 and less potent in TYK2. Compared to marketed JAK 

inhibitors LAS194046 showed a similar profile to ruxolitinib but with lower potency in 

TYK2 while tofacitinib was less potent in JAK1, JAK2 and TYK2 isoforms. 

Despite tofacitinib was initially described as a selective JAK3 inhibitor with 20 and 

100 fold less potency in JAK2 and JAK1 respectively (Changelian, 2003), the 

compound was later on reported as a pan-JAK inhibitor less potent in TYK2 (Jiang , 

2008; Meyer, 2010; Yamaoka, 2014) in line with our results. Data obtained internally 

for ruxolitinib showed that the compound is a pan-JAK inhibitor potent also in TYK2. 

This data is somehow controversial with that  published showing low enzymatic 

potency in JAK3 (Quintás-Cardama, 2010). Higher ATP concentration used in the 

published enzymatic studies compared to the internal assays performed with an ATP 

concentration equal to the enzyme Km could explain this discrepancy for JAK3. 

Different assays were established internally to complete the JAK isoforms inhibition 

profile at a cellular level. Obtained data suggest that LAS194046 inhibits JAK1/3 and 

JAK1/TYK2 assays in a similar range to both commercial compounds. Inhibition of 

JAK2/JAK2 was higher with our internal compound than with tofacitinib in agreement 

with data reported in the literature showing low potency in JAK2 for this compound 
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(Meyer, 2010). Being more potent inhibiting cytokine receptors that associate and 

signal via pairs of JAK2 such as the IL-3, IL-5 and GM-CSF can add some benefit in 

terms of anti-inflammatory activity considering reduction of neutrophilia and 

eosinophilia, Th2 response, macrophage and mast cell activation, mucus production 

and lung fibrosis (Milara, 2018). Also, JAK2 together with TYK2 and JAK1 associate 

with IL-13 receptors causing the recruitment of STAT6.  Polymorphisms of the later 

are associated with asthma, atopy and increased levels of IgE (O’Shea, 2015).  

Other mediators such as erythropoietin and thrombopoietin signal also through JAK2 

meaning that inhibiting JAK2 can be beneficial in terms of inflammation reduction but 

can also have some negative effects such as thrombocytopenia, anemia and 

hemoglobin reduction as observed in clinical trial with oral tofacitinib at high doses 

(Park, 2013). This can be minimized  by using inhaled JAK inhibitors that will avoid 

widespread systemic JAK inhibition while maintaining JAK inhibition in the lung that is 

the target organ of interest in respiratory diseases. JAK2 also mediates IL-12 and IL-

23 receptors signaling when associated with TYK-2 which have a relevant role in 

differentiation of naïve T cells into Th1 and Th17, respectively (Minegishi, 2006). 

Th17 cells are associated with the more severe phenotypes of asthma as well as 

COPD (Newcomb and Peebles 2013; Barnes, 2018) which are less responsive to 

corticosteroids and correlate with neutrophilic inflammation and frequent 

exacerbations adding an extra benefit to JAK2 blockage in respiratory diseases. 

LAS194046 is more potent at inhibiting JAK2/TYK2 than tofacitinib but less than 

ruxolitinib. Having a balanced inhibition of all JAK1-3 isoforms but showing less 

potency on TYK2 has also some advantages in terms of adverse effects. TYK2-

deficient mice show increased susceptibility to viral infections which can be very 

relevant for an inhaled compound indicated for respiratory diseases such as asthma 
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or COPD where microbial pathogens are the main cause of exacerbations 

(Karaghiosoff, 2000; Prchal-Murphy, 2012; Wark and Gibson, 2006; Celli and 

Barnes, 2007).  

Considering the selectivity versus other kinases, LAS194046 did not show relevant 

off-target activities. Testing the compound against a panel of 220 kinases, including 

those kinases with frequent cross reactivity with JAK inhibitors, revealed inhibition for 

Flt-3 and TrkA in enzymatic assays with IC50s around 10 nM. However, potency 

obtained in cellular assays showed IC50 values well above the expected unbound 

systemic levels in a clinical setting. Unbound levels with a Cmax around 117 pM 

were predicted using allometric scaling and simulation of levels in humans after 

inhaled administration and, thus, no unexpected effects are anticipated. Tofacitinib 

appeared to be more selective than LAS194046 in a similar panel of 200 kinases in 

agreement with data reported in the literature showing good selectivity for this 

compound (Karaman, 2008) while ruxolitinib was less selective than our internal 

compound (data not shown). 

The design of optimal compounds for the treatment of respiratory diseases by 

inhaled delivery requires achievement of sustained effective lung levels while 

minimizing systemic exposure in order to reduce the potential risk of systemic 

adverse effects (Cooper, 2012). The affinity of inhaled drugs towards lung tissue is 

largely governed by their physicochemical properties, being basic and lipophilic 

compounds those that display pronounced lung retention due to non-specific binding 

to cellular components (Tronde, 2013). The dibasic character of LAS194046 allows 

for high lung-plasma partitioning and very low free systemic plasma levels. The 

observed high lung retention of the compound after i.t. administration in rat renders 

LAS194046 suitable for inhaled administration in the efficacy model. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on May 13, 2019 as DOI: 10.1124/jpet.119.256263

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET # 256263 

25 

While oral compounds such as tofacitinib, R256 and ruxolitinib have shown efficacy 

reducing lung inflammation in different murine OVA models by oral route at doses of 

15 mg/kg, 25-50 mg/kg and 180 mg/kg, respectively (Ashino, 2014; Kudlacz, 2008; Li 

and Wang, 2018), LAS194046 was efficacious by inhaled route. LAS194046 inhibited 

eosinophil and neutrophil infiltration in BALF and late asthmatic response when 

dosed i.t. at 1 mg/kg 1h before the OVA challenge. Integrating the results obtained in 

the rat cellular assay and the favorable rat pharmacokinetics after i.t. administration, 

we can rationalize that in vivo efficacy results are consistent with unbound lung levels 

clearly above the cellular IC80 during the challenge phase and free plasma levels 

below the cellular IC80 in rat monocytes. Recognizing that there are limitations to 

such extrapolations, as a whole we believe that these results indicate that the in vivo 

efficacy of LAS194046 is due to local JAK inhibition in the lung. 

JAK inhibitor from Pfizer, PF-06263276, has reported efficacy by i.t. route in a mice 

pharmacodynamic model of IL-6 induced pSTAT3 response in the lungs, mediated 

via the JAK1/JAK2 mechanism (Jones, 2017). By comparing lung pSTAT3 inhibition 

to systemic pSTAT5 inhibition following i.t administration of PF-06263276 they 

demonstrated that JAK inhibition in the lung was accountable for the observed in vivo 

activity (Jones, 2017).   

To further prove local inhibition of the JAK/STAT pathway with LAS194046, target 

engagement studies were performed in the rat in vivo OVA model exploring lung 

activation of pSTAT3 by ELISA, and pSTAT1 and pSTAT6 by western blot in lung 

homogenates. LAS194046 at 1 mg/kg by i.t. route inhibited the phosphorylation of 

the three mentioned STATs showing a more potent effect on pSTAT1 and pSTAT6 

than pSTAT3. Dose response studies to explore the effect of lower doses of 
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LAS194046 on pSTAT6, showed that 0.3 and 1 mg/kg had a similar significant 

effects. Increase of several pSTATs has been reported in the literature in human 

airway of patients with asthma and COPD (Christodoulopoulos, 2001; Mullings, 2001; 

Yew-Booth, 2015) proving relevance of the JAK-STAT pathway in those diseases 

and the potential for these proteins to be used as target engagement markers in 

clinical studies (Southworth, 2018). 

The preclinical data reported in this study shows that LAS194046 is a pan-JAK 

inhibitor with an optimal profile in terms of enzymatic and cellular potency, off-target 

selectivity and lung retention. By inhaled administration, LAS194046 reduces 

allergen-induced airway inflammation and LAR through inhibiting STAT1, 3 and 6 

phosphorylation. The in vivo efficacy of LAS194046 is achieved in the absence of 

pharmacologically relevant systemic plasma levels, supporting the use of inhaled 

JAK  inhibitors as a novel treatment for inflammatory airway diseases such asthma 

decreasing chances of potential adverse effects related with systemic treatment.  
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Figure Legends 

 

Figure 1.  Chemical structure of JAK inhibitor LAS194046 

 

Figure 2.  Potency of LAS194046 in human cellular assays. Flow cytometry plots 

defining the gating strategy in cellular assays (A): lymphocytes were 

identified by size and complexity in a FSC/SSC plot, and monocytes were identified 

as CD33 positive cells. Results were expressed as a change in median of 

fluorescence intensity (median) for both pSTAT5 or pSTAT6 in monocytes and 

pSTAT6 or pSTAT4 or pSTAT1 in lymphocytes depending on cytokines used. Effects 

on IL-4-induced pSTAT6, IL12-induced pSTAT4 and IFN-α−induced pSTAT1 in 

lymphocytes (B) and effects on IL-4-induced pSTAT6 and GM-CSF-induced pSTAT5 

in monocytes (C). For each graph, data represents mean percentage inhibition ± SD 

of 2-3 independent experiments run in duplicate. 

 

Figure 3.  Selectivity of LAS194046 against a panel of 38 kinases biased towards 

those kinases with frequent cross reactivity with JAK inhibitors. Values represent 

percentage inhibition at 10 µM (mean of two replicates) performed at the Km of ATP. 

Enzymes showing inhibition below 80% at 10 µM are represented with white bars. 

Enzymes showing inhibition above 80 % and IC50 above 100 nM in the enzymatic 

assay are represented with grey bars and the IC50 values are indicated on top of the 

bar. Flt3 and TrkA are represented with black bars and the cellular IC50 values are 

indicated on top of the bar. JAK1 activity was used as internal control in the 

enzymatic assays and represented with black and white bar. 
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Figure 4 . Lung and plasma levels of LAS194046 after i.t. administration of 0.3 mg/kg 

by Liquid MicroSprayer. LAS194046 was pre-pared in 0.2% Tween80®in PBS. 

Plasma samples and supernatants of lung homogenates were analyzed by LC–

MS/MS. Data are represented as total and unbound levels. Unbound plasma levels 

calculated from rat PPB (87%) and unbound lung levels calculated from lung tissue 

binding (98%). Data represents the mean concentration ± SD of 3 rats. 

 

Figure 5 . Inhibition of inflammatory cell infiltration: eosinophils and neutrophils in 

BALF (A) and late asthmatic response (LAR), measured as Penh, (B) induced by 

OVA challenge in a Brown Norway rat model after i.t. of LAS194046. Data represent 

mean ± SEM of three independent experiments, n=21-24. Statistical analysis was 

done using an ANOVA with a Dunnett’s post hoc test *, ***, ****: P<0.05, 0,001 and 

0,0001 vs vehicle + OVA group. 

 

Figure 6 . Expression of pSTAT1/ STAT1, pSTAT6/ STAT6 and pSTAT3/ STAT3 in 

lung homogenates at 1, 3 and 24 hours post OVA challenge. A, B) Time course of 

pSTAT1/ STAT1 and pSTAT6 / STAT6 expression measured by Western blot. C) 

Time course of pSTAT3 /STAT3 expression measured by ELISA. Data shown as 

mean ± SEM (n=8). 

 

 

Figure 7 . Effect of LAS194046 after i.t. administration of 0.3 and 1 mg/kg on 

pSTAT1, pSTAT6 and pSTAT3 expression in lung homogenates post OVA 

challenge. Fluticasone 0.3 mg/kg i.t. was used as positive control. A) pSTAT1. B) 
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pSTAT6. Representative Western Blot analysis of pSTAT1-6, STAT1-6 and β-actin 

as a loading control (left). Densitometric analysis of pSTAT1-6/STAT1-6 expression 

(middle). Densitometric analysis of STAT1-6 corrected by β- actin for all groups 

(right). C) pSTAT3 expression measured by ELISA. D) Dose response of pSTAT6 

expression measured by western blot. Data shown as mean ± SEM, (n=8). 
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Tables 

 

Table 1.  Potency of LAS194046, ruxolitinib and tofacitinib in biochemical activity 

assays for the different JAK isoforms 

 

 

 

 

Potency for JAK inhibitors was measured by HTRF with ATP concentration fixed at 

the Km for each JAK isoform. Values expressed as the geometric mean (geometric 

SD) of at least three experiments performed in duplicate of each tested compound. 

 

 

 

 

 

 

 

 

 

 

 

 

 IC50 (nM) 

 JAK1 JAK2 JAK3 TYK2 

LAS194046 5.46  
(1.02) 

0.40  
(1.24) 

2.07  
(1.05) 

21.80 
(1.19) 

Ruxolitinib 3.83  
(1.09) 

0.17 
    (1.00) 

6.60  
(1.15) 

1.80  
(1.37) 

Tofacitinib 16.20  
(1.03) 

1.47  
(1.14) 

1.73  
(1.00) 

245 
(1.26) 
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Table 2.  Potency of LAS194046, ruxolitinib and tofacitinib in human  cellular 

assays for the different JAK isoforms pairs. 

 

Potency for JAK inhibitors was measured by flow cytometry as specified in Materials 

and Methods section. Values expressed as the geometric mean (geometric SD) of at 

least two-three experiments performed in duplicate for each tested compound. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Human Lymphocytes, IC 50 (nM) Human Monocytes,  IC 50 (nM) 

IL4/pSTAT6 
(JAK1/3) 

IFN-αααα/pSTAT1 
(JAK1TYK2)  

IL12/pSTAT4 
(TYK2/JAK2)  

IL4/pSTAT6 
(JAK1/3)  

GMCSF/pSTAT5 
(JAK2/2)  

LAS194046 16 (1.03) 24 (1.01) 220 (1.06) 26 (1.02) 37 (1.33) 

Ruxolitinib 17 (1.18) 11 (1.54) 35 (3.01) 16 (1.44) 27 (1.26) 

Tofacitinib 23 (1.27) 52 (1.68) 1445 (1.67) 36 (1.35) 200 (1.44) 
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Table 3.  LAS194046 pharmacokinetic parameters in lung and plasma after 

administration of 0.3mg/kg by i.t. route in Wistar rats.  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 Cmax 
(µg/g) 
(µg/ml) 

Cmin 
(µg/g) 
(µg/ml) 

AUC 
(µg*h/g) 
(µg*h/ml)  

24h dose 
recovery   

(%) 

t ½    
(h) 

Lung 23 1.2 70 2 11.4 

Plasma 0.077 0.001 0.02  8.4 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 

 

 

 

 

 

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on May 13, 2019 as DOI: 10.1124/jpet.119.256263

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET # 256263 

47 

Figure 5 
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Figure 6 
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Figure 7 
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