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BACKGROUND
The efficacy of AQX-1125, a small-molecule SH2-containing inositol-5"-phosphatase 1 (SHIP1) activator and clinical
development candidate, is investigated in rodent models of inflammation.

EXPERIMENTAL APPROACH

AQX-1125 was administered orally in a mouse model of passive cutaneous anaphylaxis (PCA) and a number of rodent models
of respiratory inflammation including: cigarette smoke, LPS and ovalbumin (OVA)-mediated airway inflammation. SHIP1
dependency of the AQX-1125 mechanism of action was investigated by comparing the efficacy in wild-type and
SHIP1-deficient mice subjected to an intrapulmonary LPS challenge.

RESULTS

AQX-1125 exerted anti-inflammatory effects in all of the models studied. AQX-1125 decreased the PCA response at all doses
tested. Using bronchoalveolar lavage (BAL) cell counts as an end point, oral or aerosolized AQX-1125 dose dependently
decreased the LPS-mediated pulmonary neutrophilic infiltration at 3-30 mg kg™ and 0.15-15 pg kg™' respectively. AQX-1125
suppressed the OVA-mediated airway inflammation at 0.1-10 mg kg™'. In the smoke-induced airway inflammation model,
AQX-1125 was tested at 30 mg kg™' and significantly reduced the neutrophil infiltration of the BAL fluid. AQX-1125

(10 mg kg™) decreased LPS-induced pulmonary neutrophilia in wild-type mice but not in SHIP1-deficient mice.

CONCLUSIONS

The SHIP1 activator, AQX-1125, suppresses leukocyte accumulation and inflammatory mediator release in rodent models of
pulmonary inflammation and allergy. As shown in the mouse model of LPS-induced lung inflammation, the efficacy of the
compound is dependent on the presence of SHIP1. Pharmacological SHIP1 activation may have clinical potential for the
treatment of pulmonary inflammatory diseases.

LINKED ARTICLE
This article is accompanied by Stenton et al., pp. 1506-1518 of this issue. To view this article visit
http://dx.doi.org/10.1111/bph.12039

Abbreviations
BAL, bronchoalveolar lavage; DNP-HSA, dinitrophenyl-human serum albumin; IT, intratracheal; OVA, ovalbumin; PCA,
passive cutaneous anaphylaxis; SHIP1, SH2-containing inositol-5"-phosphatase 1
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Introduction

Small-molecule agonists of SH2-containing inositol-5"-
phosphatase 1 (SHIP1) have been shown to inhibit the PI3K
pathway in haematopoietic cells (Ong et al., 2007). Moreover,
the pharmacological properties of AQX-1125, a next-
generation SHIP1 activator, were described in part 1 of the
current series of papers (Stenton et al., 2013).

SHIP1 has been implicated in the regulation of myeloid
and lymphoid development, cell activation and cell death/
survival. Valuable information regarding the functional roles
of SHIP1 has come from the characterization of SHIP17~ mice
(Helgason et al., 1998; Oh etal.,, 2007). These animals are
viable and fertile but have a shortened lifespan. They also
have a higher number of granulocytes, monocytes, and mac-
rophages and exhibit progressive splenomegaly and massive
myeloid infiltration of the lungs (Helgason et al., 1998; Oh
et al., 2007; Maxwell et al., 2011). Macrophages, mast cells,
T-cells, B-cells, dendritic cells and natural killer cells isolated
from SHIP1”~ mice exhibit functional deficiencies of variable
degree (Helgason et al., 1998; Oh et al., 2007). By character-
izing the phenotype of SHIP1”~ mice, SHIP1 has been impli-
cated in the pathogenesis of a variety of diseases including
allergic inflammation and asthma (Haddon etal., 2009),
acute lung injury (Strassheim ef al., 2005) and inflammatory
bowel disease (Kerr et al., 2011).

With this body of evidence linking SHIP1 to pulmonary
inflammation and allergic disease, and pharmacokinetic and
tissue distribution characteristics suitable for in vivo testing,
the efficacy of the SHIP1 activator, AQX-1125, was investi-
gated in various allergic and pulmonary inflammatory dis-
eases, including lipopolysaccharide-, ovalbumin- (OVA) and
smoke-induced airway inflammation.

Methods

Animals

In vivo animal use protocols were approved by the local ethics
committees. All studies involving animals are reported in
accordance with the ARRIVE guidelines for reporting experi-
ments involving animals (Kilkenny et al., 2010; McGrath
etal., 2010). Animals were acclimated for a minimum of
3 days after arrival in the animal facilities and were allowed
free access to food and water with a 12 hour light/dark cycle
maintained.

Mouse passive cutaneous anaphylaxis

(PCA) model

Based on the methods of Teshima et al. (1998), male BALB/c
mice (8 weeks old) were injected intradermally in the right
ear with 25 ng of anti-DNP-IgE. The left ears were not injected
and served as a negative control. Twenty-four hours post-
injection, AQX-1125 or vehicle (10 mL kg dose volume) was
administered once by oral gavage in saline. Sixty minutes
after dosing, animals received a tail vein injection of 2%
Evans’ blue (0.22 pm filtered, in 200 pL saline) followed by a
second tail vein injection of 100 ug dinitrophenyl-human
serum albumin (DNP-has; in 200 uL PBS). Sixty minutes fol-
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lowing the DNP-HSA injection, mice were killed and ear biop-
sies were collected, with 4 mm punches placed into 100 pL
formamide and incubated overnight at 70°C. Eluents were
read using a SpectraMax MS spectrophotometer (Molecular
Devices, Sunnyvale, CA, USA) at 620 nm. Background read-
ings from all samples were taken at 740 nm.

Pulmonary inflammation model induced by
intratracheal (IT) LPS administration in rats
Female Sprague-Dawley rats (230 = 10 g) received AQX-1125
or vehicle (saline) once daily for 4 consecutive days by oral
gavage (10 mL kg' dose volume), followed by LPS adminis-
tration (Beck-Schimmer et al., 1997). The last dose of AQX-
1125 or vehicle was administered 2 h before IT challenge
with ~50 ug kg of Escherichia coli LPS (serotype O111:B4,
Sigma-Aldrich, Milwaukee, WI, USA). Dexamethasone acted
as a reference standard, administered once orally 2 h before
LPS challenge. Rats were anaesthetized 4 or 24 h after LPS
challenge, and bronchoalveolar lavage (BAL) was performed.
Total leukocyte cell numbers and cell differential populations
in BAL were then determined. Inflammatory mediator
content was determined by Rules Based Medicine (Austin,
TX, USA) using a Rodent Multi-Analyte Profile Luminex-
based analysis (Heuer et al., 2005).

The efficacy of aerosolized AQX-1125 on pulmonary
inflammation induced by IT LPS was also determined. AQX-
1125 was administered in saline (0.15, 1.5 or 15 ug kg™'; in
50 uL dose volume) qd for 4 days by aerosolization using a
PennCentury device. The last dose was administered 2 h
before IT challenge with ~50 ug kg™ of E. coli lipopolysaccha-
ride as described above. Dexamethasone in saline was admin-
istered as a reference standard (single oral dose) 2 h before
LPS challenge. Rats were anaesthetized 24 h after LPS chal-
lenge, and BAL was performed and cell counts determined as
described above.

Pulmonary inflammation induced by IT LPS
administration in wild-type or SHIP1
knockout mice

Wild-type (SHIP1*%), or SHIP1 knockout (SHIP17") male and
female BALB/c mice weighing 20-30 g (bred at the BC Cancer
Agency, Vancouver, BC, Canada) received AQX-1125 or
vehicle (saline) once daily for 4 consecutive days by oral
gavage (10 mg kg™'; 7.5 mL kg dose volume), followed by
LPS administration (Birrell et al., 2004). The last dose of AQX-
1125 or vehicle was administered 2 h before nasal challenge
with E. coli LPS (serotype O111:B4, in sterile saline, 10 pg in
50 uL saline per mouse). Mice were killed 18 h after LPS
challenge and BAL was performed to determine total leuko-
cyte cell numbers and cell differentials.

OVA-induced asthma model in the rat

Male Brown Norway rats weighing 230 = 10 g were sensitized
by intraperitoneal injection of 1 mL sterile phosphate buft-
ered saline containing 1.0 mg OVA and 11.7 mg of Al(OH);
adjuvant on 3 consecutive days (days 1, 2 and 3). Sham-
sensitized rats received 1 mL sterile PBS alone (Stenton et al.,
2000). AQX-1125 was administered once a day for 3 days by
oral gavage (10 mL kg™ dose volume) on days 19, 20 and 21.
Rats were challenged on day 21, 2 h after AQX-1125 admin-



istration, with aerosolized OVA (1% in PBS) for 20 min or
with PBS alone. On day 22, rats were killed, followed by BAL
analysis. The reference standard dexamethasone was formu-
lated in carboxymethylcellulose and administered twice per
day on days 18, 19, 20 and 21 as a positive control. BAL and
lung homogenates were used for determining inflammatory
mediator content (Rules Based Medicine).

Pharmacokinetic/pharmacodynamic
evaluation of the efficacy of AQX-1125 in the
OVA-induced lung inflammation model

The pharmacokinetic/pharmacodynamic relationships and
duration of action of AQX-1125 was investigated using the
model of OVA-induced pulmonary inflammation. AQX-1125
was administered once a day for 3 days by oral gavage in
saline (3 or 10 mg kg™!; 10 mL kg™ dose volume) and animals
were challenged with OVA as described above, 2, 4, 8, 24 or
48 h after the last dose of AQX-1125. Parallel groups of rats
were treated the same way, however, at the corresponding
challenge time, plasma or lung samples were collected for
determination of drug content, enabling the correlation
between plasma and lung AQX-1125 concentrations at the
time of challenge and the anti-inflammatory efficacy of
AQX-1125.

Cigarette smoke-induced pulmonary
inflammation model in mice

Male BALB/c mice weighing 25 g were treated with AQX-1125
alone (30 mg kg'; 10 mL kg' dose volume) or in combina-
tion with dexamethasone (1 mgkg'; 10mLkg' dose
volume), administered once a day for 15 days by oral gavage
in sterile saline. Treatment with dexamethasone alone
(1 mg kg™'; 10 mL kg™ dose volume) was also assessed. Mice
were exposed to cigarette smoke for 14 days (three cigarettes
at 9:30 a.m., 12:30 p.m. and 3:30 p.m. daily; Vlahos et al.,
2006). Cigarettes were commercially available filter-tipped,
manufactured by Philip Morris and consisted of 16 mg or less
of tar and 1.2 mg or less of nicotine. On day 15, mice were
killed, followed by BAL analysis.

Statistical analysis

Statistical analysis was performed by anova followed by Dun-
nett’s post hoc test. Smoke-induced lung inflammation data
were analysed using anova followed by Student Newman
Keuls.

Results

AQX-1125 exerts anti-inflammatory effects

in a mouse PCA model

PCA-induced oedema formation was markedly and dose
dependently reduced by AQX-1125. At 0.01-30 mg kg!, the
efficacy of the compound was comparable to that of the
positive control antihistaminic/antiserotonin/antimuscarinic
agent, cyproheptadine (Figure 1).

Anti-inflammatory effects of SHIP1 activation
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Figure 1

Efficacy of AQX-1125 or cyproheptadine (Cyp, 1 mgkg™) in a
mouse PCA model. Mice were administered AQX-1125 by oral
gavage followed by an i.v. administration of Evans Blue 60 min later.
The PCA response was induced by i.v. DNP-HSA for 60 min. Evans
Blue was extracted from ear punches by dimethyl formamide incu-
bation and the data are presented as the optical density (620 nm).
Data are presented as the mean £ SEM (n = 10), *P < 0.05 denotes
the anti-inflammatory effect of AQX-1125 or of cyproheptadine,
compared to the response of the vehicle-treated control animals.

AQX-1125 exerts anti-inflammatory effects

in a pulmonary inflammation model induced
by IT LPS administration in a
SHIP1-dependant manner

Anti-inflammatory effects of AQX-1125 were observed in a
model of LPS-mediated airway inflammation. Total leukocyte
and neutrophil data are shown in Figure 2. Neutrophil infil-
tration was decreased in a dose-dependent manner beginning
at 0.3 mg kg™ with significant (P < 0.05) inhibition of 33 and
43% observed at 3 and 30 mg kg respectively. At a dose of
30 mg kg', the effect of AQX-1125 was approaching that of
the positive control compound dexamethasone.

To further characterize the anti-inflammatory effects of
AQX-1125 during LPS-mediated pulmonary inflammation,
the production of multiple inflammatory mediators was
measured in the BAL fluid. BAL samples were taken from PBS
controls, LPS controls, AQX-1125 (10 mg kg') and dexam-
ethasone (1 mg kg™') groups for the analysis of 59 inflamma-
tory markers using multi-analyte Luminex profiling. Table 1
shows the list of mediators that were affected by AQX-1125
and/or dexamethasone. AQX-1125 decreased the LPS-
induced production of multiple pro-inflammatory mediators,
and exhibited a characteristic response pattern that was dif-
ferent from that of the positive control anti-inflammatory
glucocorticoid dexamethasone.

Aerosolized AQX-1125 was also shown to be efficacious in
the same LPS experimental model, decreasing neutrophil
infiltration at all three doses tested with a maximal inhibition
of neutrophil infiltration (52%) observed at the top dose of
15 ug kg (P < 0.05; Figure 3).
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Figure 2

Efficacy of AQX-1125 on total leukocyte counts and neutrophil infil-
tration of the airways in the rat LPS-induced lung inflammation model.
Rats were administered AQX-1125 by oral gavage, once per day for 4
consecutive days, followed by LPS challenge 2 h after the last dose.
BAL was performed 24 h after LPS challenge. Data are presented as the
mean = SEM of the absolute leukocyte counts (A) and the neutrophil
counts (B) (x10°¢ cells) (n = 5-9), *P < 0.05 denotes the anti-
inflammatory effect of AQX-1125 or dexamethasone, compared to
the response of the vehicle-treated control animals.
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Figure 3

Efficacy of aerosolized AQX-1125 on total leukocyte and neutrophil
infiltration of the airways in the rat LPS-induced lung inflammation
model. Rats were administered AQX-1125 by aerosolization, once
per day for 4 consecutive days, followed by LPS challenge 2 h after
the last dose of test article. BAL was performed 24 h after LPS
challenge. Data are presented as the absolute leukocyte counts (A) or
neutrophil counts (B) (x10° cells). Data are shown as mean + SEM
(n = 5-15), *P < 0.05 compared to vehicle-treated animals chal-
lenged with LPS.
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Table 1

Effect of AQX-1125 and dexamethasone on BAL inflammatory mediator concentrations in the rat model of LPS-induced pulmonary inflammation

AQX-1125 Dexamethasone
Analytes PBS LPS (10 mg kg™) (1 mg kg™)
Myeloperoxidase (ng mL™) 2.1 = 0.4* 258 £1.6 17.3 = 3.0* 6.6 = 2.2*
Leukaemia inhibitory factor (pg mL™) 70.8 = 15.7* 1447 = 204 648 + 24.9* 244 * 27.0*
Stem cell factor (pg mL™) 68.2 = 5.5* 175.2 = 14.7 110.8 = 11.8* 68.6 = 3.1*
Eotaxin (pg mL™) 0.9 = 0.0 58=*1.3 3315 1.9+04
Monocyte chemotactic protein-1 (pg mL™") 15.1 = 6.8* 382.2 £ 76.5 189.6 = 51.3* 17.8 = 3.34*
Monocyte chemotactic protein-3 (pg mL™") 17.5 = 8.2* 314 + 63.8 148.8 + 45.9* 12.2 = 1.9*
Macrophage inflammatory protein-2 (pg mL™) 116.9 + 22.2* 230.2 = 8.2 222.6 = 13.9 199.2 = 16.1
Macrophage-derived chemokine (pg mL™) 12.1 = 1.89* 165.4 = 56.0 35.4 = 14.2* 1.1 =1.7*
C-reactive protein (ng mL™) 0.5 £0.1* 3.1 £0.6 21 *04 0.70 = 0.1*
Interleukin-Tor (pg mL™") 41.8 = 3.9* 140.4 = 13.5 103.8 = 14.5 58.2 + 4.4*
Interleukin-11 (pg mL™) 58.2 = 15.6* 142.0 = 16.9 944 7.5 60.4 = 11.5*

Efficacy of AQX-1125 and dexamethasone on BAL inflammatory markers in the airways of LPS challenged Sprague-Dawley rats. Data are
presented as the mean = SEM of the analyte concentrations (n = 5). *P < 0.05 shows a significant effect of AQX-1125 or dexamethasone

compared to the vehicle-treated LPS group.

The SHIP1 dependance of AQX-1125 was demonstrated in
an LPS airway inflammation model in SHIP1"* and SHIP17~
mice. Neutrophil infiltration was reduced by AQX-1125 treat-
ment of the SHIP1"* mice by 59 + 11% (P < 0.05), but did not
affect the SHIP1”/~ mice (Figure 4).

AQX-1125 exerts anti-inflammatory effects

in OVA-induced airway inflammation

OVA challenge caused significant lung inflammation that
resulted in increased total BAL cell numbers consisting largely
of eosinophils and neutrophils (Figure 5, P < 0.05). AQX-1125
dose dependently reduced inflammatory cell counts in the
BAL (P < 0.05). At 10 mg kg, its efficacy was comparable to
that of the positive control compound dexamethasone at
0.3 mg kg™ (Figure SA-E). Analyte data from lung homoge-
nates and BAL fluid samples taken after OVA challenge are
presented in Table 2. Similar to the findings from the LPS
model, AQX-1125 decreased the production of multiple pro-
inflammatory mediators, and exhibited a characteristic
response pattern that was different from that of the glucocor-
ticoid dexamethasone.

The therapeutic versus prophylactic efficacy of AQX-1125
(10 mg kg") was assessed where AQX-1125 was either admin-
istered once daily on 3 consecutive days, once every 2 h
before challenge, once every 2 h after challenge or once every
8 h after challenge. BAL was performed and absolute and
differential leukocyte cell counts were determined (Table 3).
AQX-1125 (10 mg kg™") given once daily for 3 days prior to
challenge or once every 2 h prior to challenge significantly
decreased the airway infiltration of total leukocytes and,
more specifically, eosinophils following OVA challenge (P <
0.05). A single dose of AQX-1125 given 2 h after challenge
had no statistically significant effect on airway infiltration by
any cell type (P > 0.05). A single dose of AQX-1125 given 8 h
after challenge did not suppress total cell infiltration but
significantly reduced eosinophilia (P < 0.05).

Effect of AQX-1125 in a cigarette
smoke-induced pulmonary

inflammation model

Cigarette smoke caused significant lung inflammation, result-
ing in increased BAL neutrophil numbers as shown in
Figure 6 (P < 0.01). AQX-1125 (30 mg kg™") significantly (P <
0.05) reduced the BAL neutrophil number compared with the
smoke control. Dexamethasone treatment significantly (P <
0.05) increased the BAL neutrophil number compared with
the smoke control. The combination of 30 mg kg™ AQX 1125
and 1 mg kg dexamethasone significantly (P < 0.01) reduced
the BAL neutrophil numbers compared with dexamethasone
treatment alone.

Pharmacokinetic/pharmacodynamic
assessment of AQX-1125 in the OVA-induced
airway inflammation model

The lung and plasma threshold concentrations of AQX-1125
necessary to achieve anti-inflammatory effects were deter-
mined in the Brown Norway rat OVA-induced airway inflam-
mation model. As shown in Figure 7, AQX-1125 achieved a
maximal effect with a plasma concentration >0.2 uM or a
lung concentration of 10-30 uM at time of challenge. Increas-
ing the plasma or lung concentrations above these values did
not further enhance the efficacy of AQX-1125.

Discussion

SHIP1 has been reported to play a critical role in regulating
leukocyte activation and chemotaxis, with the introduction
of constitutively active SHIP1 into SHIP1-deficient cells
resulting in suppression of the chemotactic response (Kim
et al., 1999; Sattler et al., 2001; Mancini et al., 2002; Wain
et al., 2005; Nishio et al., 2007). In the previous paper in this

British Journal of Pharmacology (2013) 168 1519-1529 1523
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Efficacy of AQX-1125 on total leukocyte and neutrophil infiltration of
the airways of SHIP1** and SHIP1~~ mice in an LPS-induced lung
inflammation model. Mice were administered AQX-1125 by oral
gavage, once per day for 4 consecutive days, followed by LPS chal-
lenge 2 h after the last dose of test article. BAL was performed 18 h
after LPS challenge. Data are presented as the mean = SEM of the
absolute leukocyte counts (A) and the neutrophil counts (B) (x10°
cells) (n = 6-8). *P < 0.05 denotes the anti-inflammatory effect of
AQX-1125, compared to the response of the corresponding vehicle-
treated control animals.
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series, the SHIP1 activator, AQX-1125, was shown to be a
potent inhibitor of in vitro leukocyte chemotaxis (Stenton
etal.,, 2013) and cell function. Consistent with this, the
current findings confirm the in vivo anti-inflammatory activ-
ity of AQX-1125, demonstrating a reduction in the infiltra-
tion of inflammatory cells (eosinophils, neutrophils,
macrophages), inflammatory mediator production and
oedema formation in several models of inflammation in the
skin and the lung.

These effects of the SHIP1 activator are consistent with the
known role of SHIP1 in allergic responses and inflammatory
lung diseases. First, SHIP17~ mice exhibit a progressive and
severe pulmonary inflammation, governed by the pulmonary
infiltration of macrophages, lymphocytes, neutrophils and
eosinophils (Helgason et al., 1998; Oh etal., 2007). These
animals also show signs of mucous hyperplasia, airway epi-
thelial hypertrophy and subepithelial fibrosis (Helgason et al.,
1998; Oh et al., 2007). These pathological changes are accom-
panied by exaggerated production of Th2 cytokines and
chemokines, including IL-4, IL-13, eotaxin and monocyte
chemotactic protein-1, in the lung (Helgason et al., 1998; Oh
etal.,, 2007). Second, SHIP17~ mice respond to various
pro-inflammatory stimuli with a highly exacerbated pro-
inflammatory response in the lung. For instance,
peptidoglycan-induced pulmonary inflammation (neutrophil
infiltration into the lung and pulmonary extravasation) is
much more severe in SHIP17~ mice than in the corresponding
wild-type controls (Strassheim et al., 2005). Third, when mast-
cell-deficient mice are reconstituted with SHIP17~ mast cells,
there is a markedly exacerbated passive systemic anaphylaxis
and an increased severity of OVA-induced allergic pulmonary
inflammation as compared to mast-cell-deficient mice that are
reconstituted with SHIP1 proficient mast cells (Haddon et al.,
2009). Interestingly, the exacerbated pro-inflammatory phe-
notype of SHIP1 appears to develop in C57.SHIP1~/~ mice, but
not in BALB.SHIP17~ mice, consistently with the importance
of genetic background in the development of pulmonary
allergic/inflammatory diseases (Maxwell et al., 2011). The spe-
cificity of AQX-1125 to SHIP1 is highlighted by the finding
that the compound does not reduce the number of inflam-
matory cells in the BAL of SHIP17~ mice.

Pharmacokinetic and tissue distribution studies showed
that AQX-1125 is present at high concentrations in the lung
tissue (Stenton et al., 2013). Oral dosing at 3-10 mg kg™ as
used in vivo, achieved the concentrations needed for in vitro
anti-chemotactic and anti-inflammatory effects as described
in Stenton etal., (2013). Moreover, pharmacokinetic/
pharmacodynamic investigations in the OVA model deter-
mined that the threshold lung concentration of AQX-1125
necessary to inhibit inflammatory cell infiltration into the
BAL is approximately 10 uM, a concentration where AQX-
1125 exerts significant anti-inflammatory/anti-chemotactic
activity in vitro.

AQX-1125 demonstrated a potent anti-inflammatory
effect in a mouse PCA model by reducing cutaneous oedema.
Moreover AQX-1125 had a significant anti-inflammatory
effect in two distinct models of lung inflammation: LPS-
induced pulmonary inflammation and OVA-induced allergic
pulmonary inflammation in vivo, inhibiting both cell infiltra-
tion of the lung and cytokine production. Recent studies
characterized the pathways involved in the regulation of
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Efficacy of AQX-1125 in a Brown Norway rat OVA-induced lung inflammation model. Effects of AQX-1125 on (A) total leukocyte, (B) eosinophil,
(C) neutrophil, (D) macrophage and (E) lymphocyte infiltration of the airways are shown. OVA sensitized rats were administered AQX-1125 by
oral gavage, once per day for 3 consecutive days, followed by OVA challenge 2 h after the last dose of test article. BAL was performed 24 h after
OVA challenge. Data are presented as the mean + SEM of absolute leukocyte counts (x10° cells) (n = 5-11), *P < 0.05 denotes the anti-
inflammatory effect of AQX-1125 or of dexamethasone, compared to the response of the vehicle-treated control animals.

cytokine production by SHIP1 in immune cells and impli-
cated a role for IxB kinase o/f and IFN regulatory factor 3
activation (Cekic et al., 2011). However, it must be empha-
sized that both in vitro (Stenton et al., 2013) and in vivo (LPS
and OVA models of lung inflammation), the net production
of cytokines and chemokines and other inflammatory media-

tors is the result of complex interactions between multiple
interacting cell types (Leff et al., 1991; Ajuebor et al., 1999;
Vignola et al., 2002; Lambrecht and Hammad, 2003). There-
fore, the efficacy of AQX-1125 likely involves the simultane-
ous modulation of multiple interacting pathways and cell
types.

British Journal of Pharmacology (2013) 168 1519-1529 1525
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Table 2

Effect of AQX-1125 and dexamethasone on BAL and lung tissue inflammatory mediator concentrations in the rat model of OVA-induced
pulmonary inflammation

AQX-1125 Dexamethasone
PBS OVA (10 mg kg™) (0.3 mg kg™)
BAL fluid analytes
CD40-L (pg mL™) 67.5 = 9.5* 121 £ 26.4 63.3 £ 16.2* 84.0 = 15.5
Myeloperoxidase (ng mL™) 4.6 = 2.1* 43.6 = 2.2 328 = 3.6 19.1 = 4.2*
Endothelin-1 (pg mL™") 5.2+ 0.3* 40.2 = 14.1 5.7 = 0.6* 10.2 = 0.8*
Fibrinogen (ug mL™) 15.0 = 2.0* 132 = 22.0 233 £1.9* 233 £ 1.9*
Stem cell factor (pg mL™") 23.9 + 5.5% 319 =124 23.0 + 2.5% 89.7 = 4.9*
Eotaxin (pg mL™) 14.7 £ 1.1* 198 = 102 23.1 = 1.2* 322+ 44
Macrophage inflammatory protein-1B (pg mL™) 64.5 = 13.5* 427 =102 49.5 + 2.5* 38.8 = 3.6*
Macrophage inflammatory protein-2 (pg mL™") 5.8 = 0.5* 20.8 = 2.1 7.6 + 0.8* 6.2 = 0.6*
Macrophage-derived chemokine (pg mL™) 253 £ 109* 3291 = 1287 420 = 100* 57.2 £ 14.9*
C-reactive protein (ng mL™") 0.40 = 0.10* 2.90 = 0.50 0.40 = 0.05* 0.20 = 0.05*
Interleukin-Ta: (pg mL™) 42.0 = 3.7* 130 = 16.4 37.4 = 3.8* 31.6 = 1.1*
Interleukin-11 (pg mL™") 26.1 = 5.7* 64.2 = 8.6 14.8 = 1.2* 17.9 = 7.1*
Lung homogenate analytes

Fibroblast growth factor-9 (ng mL™) 2.0+ 0.1 2.1 *+0.2 0.4 = 0.01* 1.4 +0.2*
Fibroblast growth factor-basic (ng mL™") 11.1 = 1.1* 7.6 0.1 5.0 = 0.6* 3.5 +0.3*
Stem cell factor (pg mL™") 133 = 6* 171 =9 106 + 4* 90 = 5*
Eotaxin (pg mL™) 486 + 49* 1195 + 56 706 = 103* 506 =+ 34*
Macrophage inflammatory protein-1o. (ng mL™) 0.5 = 0.07* 1.4 +0.2 0.7 = 0.08* 0.3 = 0.03*
Macrophage-derived chemokine (pg mL™") 425 = 184* 1217 = 208 425 += 55* 139 = 11*
Myeloperoxidase (ng mL™") 24.0 = 1.5* 66.6 * 7.7 31.8 = 3.6* 29 = 1.8*
Interleukin-Tow (pg mL™") 52.3 = 5.5*% 94.1 = 5.8 63.1 = 7.7* 65.7 = 1.5*
Interleukin-2 (pg mL™") 11.3x1.7 15.2*+1.3 3.3 0.3 25.2 = 1.7*

Efficacy of AQX-1125 on BAL and lung homogenate inflammatory markers in the airways of OVA sensitized and challenged Brown Norway
rats treated with either the SHIP1 activator AQX-1125 or with dexamethasone. Data are presented as the mean * SEM of the analyte
concentrations (n = 4-5), *P < 0.05 shows a significant effect of AQX-1125 or dexamethasone compared to the vehicle-treated OVA group.

Table 3

Efficacy of AQX-1125 in the Brown Norway rat ovalbumin-induced lung inflammation model

Total cells Eosinophils Macrophages Lymphocytes Neutrophils

(x10°) (x10°) (x10°) (x10°) (x10°)
PBS 8.7 = 1.1* 0.4 =0.1* 82*1.2 0.0 = 0.0 0.0 = 0.0*
OVA 243 2.7 142 *1.5 7.1 +1.2 0.0 = 0.0 29 *+0.9
AQX-1125 (three doses prior to challenge) 16.1 = 1.2* 7.9 = 1.0* 5.1 *=0.9 0.2 x0.1 29+0.8
AQX-1125 (2 h pre-challenge) 16.6 = 1.8* 8.8 = 1.0* 59 *1.1 0.1 £ 0.0 1.8 +0.6
AQX-1125 (2 h post-challenge) 20.0 = 1.2 10.2 1.3 7.4 +1.2 0.1 £ 0.1 2.2*+0.6
AQX-1125 (8 h post-challenge) 18.6 £ 1.6 7.2 +1.1* 9.5+1.7 0.1 0.0 1.8+0.8

AQX-1125 was administered orally at a dose of 10 mg kg™'. Data are presented as the mean + SEM of absolute leukocyte counts (x10° cells)
(n =6-10), *P < 0.05 shows a significant effect of AQX-1125 compared to the vehicle-treated OVA group.
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Figure 6

Efficacy of AQX-1125, dexamethasone (Dex) or AQX-1125 and Dex
on neutrophil infiltration of the airways in a cigarette smoke-induced
mouse lung inflammation model. Mice were administered AQX-
1125 by oral gavage, once per day for 15 consecutive days. Two
hours after the second dose of test article, mice were exposed to
cigarette smoke, which continued three times a day for 14 days.
BAL was performed on day 15 and data are presented as
the mean = SEM of absolute neutrophil counts (x10° cells) (n = 8),
*P < 0.05 denotes the anti-inflammatory effect compared to vehicle;
#P < 0.05 denotes significant effect of AQX-1125 compared to the
effect of dexamethasone.

In addition to the LPS and OVA models, AQX-1125 was
also effective at reducing pulmonary neutrophilia in the
murine model of smoke-induced lung inflammation where
dexamethasone did not exert any protective effects. The lack
of effect by dexamethasone in this model has previously been
reported (Medicherla et al., 2008; Marwick et al., 2009; To
et al., 2010) and is consistent with the limited clinical efficacy
of glucocorticoids in chronic obstructive pulmonary disease
(Marwick and Chung, 2010). AQX-1125 remained effective in
reducing pulmonary neutrophilia in the presence of the glu-
cocorticoid. These data are interesting in the context of
recent studies showing that PI3K inhibitors also maintain
their efficacy in the presence of glucocorticoids in a cigarette
smoke-induced lung inflammation model (Marwick et al.,
2009). The relative comparative efficacy of these different
approaches and the ultimate clinical utility of SHIP1 activa-
tion as a potential therapeutic approach in humans remain to
be determined in future clinical studies.

In summary, AQX-1125, a member of a novel class of
pharmacological SHIP1 activators, inhibits cutaneous
oedema, as well as leukocyte accumulation and pro-
inflammatory mediator release into the BAL fluid in rodent
models of allergy and pulmonary inflammation in vivo.

Anti-inflammatory effects of SHIP1 activation
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Figure 7

Pharmacokinetic-pharmacodynamic relationship of AQX-1125 in a
Brown Norway rat OVA-induced lung inflammation model. Effects of
AQX-1125 on total leukocyte infiltration of the airways are shown
plotted against the corresponding plasma (A) or lung concentrations
(B). OVA-sensitized rats were administered test article by oral gavage,
once per day for 3 consecutive days, followed by OVA challenge 2, 4,
8, 24 or 48 h after the last dose of test article. BAL was performed
24 h after OVA challenge. Data are presented as the mean = SEM
absolute leukocyte counts (x10° cells), plasma concentrations (LM)
or lung concentrations (UM, i.e. umol equiv kg™ tissue).

We conclude that SHIP1 activation has significant anti-
inflammatory potential with multiple potential mechanisms
of action as outlined in Figure 8. Additional preclinical and
clinical studies are needed to evaluate the clinical therapeutic
potential of AQX-1125 in inflammation.
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Figure 8

Proposed molecular mechanisms of the anti-inflammatory effects of allosteric SHIP1 activation. PI3Ks are a family of critical intracellular enzymes
that catalyse the addition of a phosphate molecule specifically to the 3-position of the inositol ring to generate the D3 phosphoinositides including
PIP3. PI3K initiates signalling pathways that regulate, among others, vesicular trafficking, cell proliferation, differentiation, protein translation,
proinflammatory mediator production, cell survival, actin cytoskeletal rearrangements and cell migration. Two major PIP3 degradation pathways
have been defined, namely, the 3’-phosphatase phosphatase and tensin homolog (PTEN; deleted on chromosome 10; ubiquitously expressed) and
5’-phosphatase SHIP1 (expressed primarily in haematopoietic cells), which convert PIP3 to PI(4,5)P2 and PI(3,4)P2, respectively. Although the
PTEN pathway is generally considered a constitutively active pathway, SHIP1 activity is dynamically regulated by the cellular environment.
Pharmacological activation of SHIP1 selectively redirects PIP signalling in haematopoietic cells from PIP3-mediated responses to PI(3,4)P2-
mediated responses. Although PIP3 promotes degranulation, pro-inflammatory mediator production and chemotaxis via a variety of complex
intracellular signalling pathways (solid arrows), PI(3,4)P2 modulates these responses differentially (dashed arrows). Consequently, after SHIP1
activation, the cellular response is shifted to an anti-inflammatory phenotype as evidenced by reduced activation of Akt signalling, attenuated
inflammatory mediator production and inhibition of chemotaxis. Akt, protein-serine/threonine kinase activated by PIP3; Btk, Bruton’s tyrosine
kinase; PDK-1, phosphoinositide-dependent kinase-1; PIP, phosphatidylinositol phosphate; PLCy, phospholipase C gamma; PTEN, phosphatase
and tensin homolog deleted on chromosome 10.
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