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ABSTRACT

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive lung disease characterized by scarring and tissue
remodeling. Current treatments have limited efficacy and significant side effects. To address these limita-
tions, we developed AD-214, an anti-CXCR4-Fc-fusion protein composed of an anti-CXCR4 i-body (AD-114)
tethered at its C terminus to constant domains 2 and 3 of the Fc region of a mutated human IgG1 lacking
effector function. AD-214 binds with high affinity and specificity to CXCR4, modulates intracellular signaling,
and inhibits key fibrotic pathways. Using fibrosis models, we demonstrate that AD-214 treatment signifi-
cantly reduces collagen deposition and lung remodeling and has a unique mode of action. In Phase 1
clinical trials, intravenous infusion of AD-214 led to high and sustained CXCR4 receptor occupancy (RO), but
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whether RO and efficacy are causally linked remained to be determined. Herein, we demonstrate that
CXCR4 RO by AD-214 inhibits primary human leukocyte migration, a model fibrotic process, and that
migration inhibition is achievable at concentrations of AD-214 present in the serum of healthy human
volunteers administered AD-214. Taken together, these data provide proof of concept for AD-214 as a novel
treatment strategy for IPF and suggest that clinically feasible dosing regimens may be efficacious.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a type of interstitial
lung disease (ILD) characterized by fibrosis or scarring in
the lung parenchyma.' Life expectancy for IPF patients is
typically just 2-5years post-diagnosis and currently the
only cure is a double lung transplant. The first drugs for
IPF were approved in the US in 2014 but have limited
effect: they slow (but do not halt) progression, confer
approximately an additional year of life expectancy, and
have serious side effects resulting in 30-50% of patients
discontinuing therapy within a year.> Although drugs for
IPF have been evaluated in over 50 Phase 2 and Phase 3
clinical trials in the past 10years, no new therapeutic
agents have been approved since 2014. Thus, there is an
unmet need for more effective therapies for IPF.

C-X-C chemokine receptor type 4 (CXCR4), a member of
the G protein-coupled receptor (GPCR) superfamily, is
expressed on the surface of various cell types, including
immune cells and stem cells. The binding of the chemokine
ligand CXCL12/SDF-1 to CXCR4 activates intracellular signal-
ing pathways that regulate the movement of cells toward the
source of the chemokine.’ > This chemotactic response is used
by immune cells, such as T cells and monocytes, to navigate
from the bloodstream to tissues and for these cells to reach
sites of infection or injury. Additionally, CXCR4 is involved in

the migration of hematopoietic stem cells, including the main-
tenance of white blood cell populations in the bone marrow
and their mobilization into the bloodstream.® Beyond its nor-
mal physiological role, CXCR4 has been implicated in various
pathological conditions such as HIV infection, cancer metas-
tasis, and fibrosis occurring in various organs, including the
lungs. In patients with IPF, the expression of both CXCR4 and
CXCLI12 is increased’'® while a reduction in CXCR4 expres-
sion over time was associated with better outcomes in IPF
patients.” Blockade of CXCR4 using the small-molecule inhi-
bitor AMD3100 (plerixafor) has demonstrated efficacy in pre-
clinical models,>''""*> but its rapid clearance from the
circulation and potential cardiotoxic effects limit its utility
for IPF treatment where chronic administration is necessary.
Anti-CXCR4 antibodies have been developed to increase the
specificity and hence reduce the potential for off target effects
often seen with small molecules. However, as these antibodies
harbor a fully functional Fc domain, they can induce antibody-
dependent cellular cytotoxicity (ADCC) and complement-
dependent cytotoxicity (CDC)'*'> or induce a reduction in
cell proliferation due to apoptosis,'®'” which would be desir-
able for their cancer cell killing properties, but could be detri-
mental in the context of fibrotic diseases. Thus, developing
new targeted therapies whose specific function is to block
CXCR4 signaling and prevent downstream function has
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become an important area of research for the treatment of
fibrotic diseases.

We previously developed AD-114, a fully human single-
domain i-body that specifically binds human CXCR4 with
nanomolar affinity and is effective at inhibiting a number of
CXCR4-mediated functional activities in vitro and in vivo that
lead to the progression of IPF.'>'® Being a single-domain
i-body, AD-114 has a short circulatory half-life, although sev-
eral approaches have been used to improve this.'"” Here, we
describe the development of a second-generation
molecule, AD-214, which consists of the i-body AD-114
fused to an Fc moiety from an IgG1 that has been mutated to
silence its effector functions. AD-214 exhibits enhanced avid-
ity, extended half-life, and improved manufacturability. We
also show that AD-214 binding to CXCR4 can modulate intra-
cellular signaling and block the progression of fibrosis in ex
vivo human tissues, as well as a bleomycin-induced mouse
model of fibrosis.

Results
Construction and characterisation of AD-214

Initial experiments examined the fusion of AD-114 with
the Fc region of both native IgG1 and IgG2 with different
linkers and with different signal peptides (Figure Sla).
Inclusion of a functional Fc domain would initiate effector
responses leading to immune cell killing and inflammation,
which would be detrimental in the context of fibrosis;

therefore, we chose the IgGl DAPA mutant as the fusion
partner for AD-114 to modulate its ability to induce
FcyR-based effector functions (see below). This i-body-Fc
fusion was termed AD-214 (Figure la and Figure S1b).
Under reducing and non-reducing SDS-PAGE analysis,
the protein migrated at the expected molecular weights of
approximately 37.5 and 75 kDa, respectively, for the mono-
meric and dimeric versions of a disulfide-linked Fc fusion
protein. AD-214 is predominantly monomeric when
assessed by size exclusion chromatography (Figure 1b)
and has a~10 pM binding affinity to CXCR4 when ana-
lyzed by surface plasmon resonance (SPR) against human
CXCR4 displayed on virus-like particles (Figure 1c). This is
an almost 1,000-fold increased affinity to CXCR4 over AD-
114 (~4nM)."® This improved affinity was consistent with
an increased avidity of AD-214 due to the bivalent nature
of the Fc fusion. As expected, the IgGl DAPA Fc moiety
was found to interact with human FcRn with an affinity of
~48 nM (Figure 1d), similar to published affinities for wild
type Fc.?® The binding specificity of AD-214 to CXCR4 was
investigated using a Membrane Proteome Array platform
(Integral Molecular), which detects binding to 5,300 human
membrane proteins and can be used to determine target
specificity since all target proteins have native conforma-
tions and appropriate post-translational modifications.
When AD-214 was tested for reactivity in this assay, only
cells expressing CXCR4 were detected (Figure le);
thus, AD-214 retains exquisite specificity for its target.
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Figure 1. Construction and characterisation of AD-214. (a) Schematic of AD-214 (left panel). Two molecules of anti-CXCR4 i-body AD-114 (red) fused to an Fc moiety
harbouring the DAPA mutation to remove effector function (grey). Western blot of purified AD-214 reduced (left lane) and non-reduced (right lane) probed with anti-Fc
antibody (right panel). (b) Chromatogram of AD-214 analysed by size exclusion chromatography (SEC). The retention time for AD-214 was 14.303 min. (c) Sensorgram
of AD-214 binding to immobilized human CXCR4. Injected concentrations were 0-20 nM. Binding responses (red line) are overlaid with fit of a simple 1:1 kinetic
interaction model (black lines). (d) Sensorgram of human FcRn binding to AD214. Injected concentrations were 0-250 nM. Sensorgrams are shown as coloured lines.
(e) AD-214 was screened for specificity using integral molecular's membrane proteome array, consisting of ~5,300 human membrane proteins in their native state in
unfixed cells. Antibody binding was detected by flow cytometry, and hits were defined as a binding signal more than 3 standard deviations higher than background
and validated in follow-up assays. Unlabelled black dots represent hits that were below the defined threshold or that did not validate on retesting. (f) AD-214 binding
to human (h)CXCR4 expressed on CHO cells. Bound AD-214 was detected using fluorescently conjugated anti-Fc antibody. MFI, median fluorescence intensity.



Next, we determined the affinity of AD-214 for human (h)
CXCR4 on cells. Binding assays were conducted by incubating
a concentration gradient of AD-214 (100 nM-<0.1 nM) with
a Chinese hamster ovary (CHO) cell line engineered for indu-
cible overexpression of CXCR4 on their surface. We found
that AD-214 binds to hCXCR4 on CHO cells with an estimated
Kp of 107.1 pM (Figure 1f). No binding to the parental empty
vector control CHO line was detected and CHO-hCXCR4 cells
treated with control i-body, 21H5-Fc (DAPA), showed no
binding, demonstrating that binding of AD-214 to hCXCR4
was specific. In a cell line expressing (~5-fold) lower levels of
CXCR4 (U266, Figure S2a), AD-214’s affinity was similarly
high (Kp: 115 pM) (Figure S2b). Although AD-214 binding to
CXCR4 expressed on cells is slightly lower than the binding to
CXCR4 on virus-like particles as measured by SPR, the affinity
is nevertheless very high and clinically relevant.

AD-214 modulates CXCR4 intracellular signalling

We next examined whether AD-214 could affect the down-
stream signaling of CXCR4 in response to its ligand CXCL12.
CXCL12 binding to CXCR4 induces intracellular signaling via
B-arrestin recruitment and a reduction in cAMP levels that can
ultimately lead to cell proliferation and migration. In addition,
ligand binding can lead to receptor internalization, via an
endocytic pathway. Therefore, we examined the effect of AD-
214 on CXCLI12 activation of P-arrestin, cCAMP, as well as
receptor internalization (Figure 2a-e). The ability of AD-214
to antagonize CXCL12-mediated internalization of CXCR4,
recruitment of B-arrestin, and downregulation of cAMP was
investigated in HEK293FT cells transiently expressing human
CXCR4. CXCL12 exhibited a 50% effective concentration
(ECsp) of 1.7nM for B-arrestin recruitment, 2.1 nM for
cAMP reduction, and 68nM for CXCR4 internalization,
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respectively. This signaling was inhibited by AD-214 with
ICsq values of 7.1, 8.8, and 7.3 nM for B-arrestin recruitment,
cAMP reduction, and CXCR4 internalization, respectively
(Figure 2a-d). We also found that AD-214 could block
CXCL12-induced calcium influx with an ICs, of 56 nM
(Figure 2e). These values are significantly more potent than
previously reported for the i-body AD-114 without the Fc
moiety (Ref. 18,19; Figure 2a) and were also more potent
than for the small-molecule CXCR4 antagonist AMD3465
described in the literature (Figure 2a). Thus, AD-214 modu-
lates B-arrestin recruitment, cAMP reduction, and CXCR4
internalization at low nanomolar concentrations but requires
10-fold more protein to inhibit calcium influx, consistent with
the previous reports of AD-114 being less potent in modulat-
ing CXCL12-induced calcium influx.'®

AD-214 does not activate ADCC, CDC, or ADCP but has an
extended half-life in non-human primates

As noted, in the design of AD-214, we selected an IgG1 with
two point mutations (DAPA) as the fusion partner for AD-114
(Figure S3), which has been reported to abolish interactions
with the Fcy receptors that are responsible for mediating
effector functions.”’ We confirmed that AD-214 lacks effector
functions, specifically ADCC, CDC, and antibody-dependent
cellular phagocytosis (ADCP) using in vitro assays (Figure 3a-
¢). These reporter assays used Ramos cells as target cells and
reporter cell lines engineered to express human FcyRIla as
effector cells. Antibodies that have been reported to exhibit
effector functions, Rituxan (anti-CD20) and Darzalex (anti-
CD38), were used as positive controls and conferred the
expected responses in these assays.

Next, the pharmacokinetics (PK) of intravenous (IV)
administration of AD-214 (10, 30, and 100 mg/kg) was
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Figure 2. Pharmacological characterization of AD-214. (a) Table summarizing pharmacological characterization of AD-214. (b—e) AD-214 was tested in antagonist mode
with the following DiscoverX biosensor assays: b-arrestin (b), CAMP (c), internalization (total) (d), and calcium flux (e). Data were normalized to the maximal and
minimal response observed in the presence of EC80 ligand and vehicle and fit to a non-linear regression curve from which the IC50 was calculated. For Gi cAMP assays,
a forskolin concentration of 20 pM was used. Data presented as % inhibition, with average of buffer wells set as 100% inhibition and the average of control agonist

EC80 wells set as 0% inhibition.
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Figure 3. AD-214 lacks effector function. (a) CDC, (b) ADCC, and (c) ADCP assays. For ADCC and ADCP assays, Ramos cells were used as target cells and reporter cell lines
engineered to express human FcyRlla were used as effector cells. For ADCC and ADCP assays, a fixed effector to target ratio of 5:1 was used and AD-214, Rituxan, or
Darzalex were evaluated with top concentration of 10 ug/mL followed by a log dilution series (7 points) in triplicate for 6 h at 37°C. Data are plotted as RLU (relative
luminescence units) against the log of the test article concentration. For CDC assays, Ramos cells were treated with a semi-log dilution series starting at 100 pg/ml
followed by a (7 points) of AD-214, Rituxan, or Darzalex in triplicate with a final concentration of 25% normal human serum complement. Data are plotted as

percentage Pl against the log of the test article concentration.

evaluated in a repeat dose study in cynomolgus monkeys
(Macaca fascicularis). As shown in Table S1, AD-214 or con-
trol (vehicle diluent) was administered to groups of monkeys
twice weekly by IV infusion for four consecutive weeks (Days
1, 4, 8, 11, 15, 18, 22, and 25), and AD-214 was measured in
serum pre-dose and over a time course (15 min-72 h) follow-
ing Day 1 and 25 post-drug administration. AD-214 was
undetectable in vehicle control-treated animals (Group 1). In
all treated groups (Groups 2-4), as shown in Table S1 and
Figure S4a-b, the maximum serum concentration (Cmax)
of AD-214 at each dose was reached 15 min post-start of
infusion. As shown in Table 1, after Tmax (time to maximum
drug concentration), the AD-214 serum concentrations
declined at estimated t;,, values ranging from 8.83 to 61.5h.
Clearance (Cl) rates varied from 20.9 to 67.1 mL/h/kg on Days
1 and 25. The estimated t% was on average 22-29h and
consistent with rapid, saturable target-mediated clearance, fol-
lowed by slower terminal clearance phase (Table 1 and Figure
S4a-b). The volumes of distribution (Vz) ranged from 694 to
3280 mL/kg on both occasions (Table 1). Over the entire dose
range, the animals’ exposure to AD-214 (based on AUCO-T},s:
area under the serum drug concentration-time curve from the
time of dosing to the last quantifiable concentration; AUCeo:
area under the serum drug concentration-time curve from the
time of dosing extrapolated to infinity and Cmax values) on
Days 1 and 25 increased dose-dependently and in a more than
dose-proportional manner (Table 1). Finally, Cmax and AUC
accumulation ratio (the ratio of accumulation of a drug after

Table 1. Pharmacokinetic analysis of AD-214 in non-human primates.

repeated administration as compared to single dose) suggested
that AD-214 did not accumulate when administered twice
weekly for 4 weeks by IV infusion over 15 min at doses up to
100 mg/kg and that AD-214 was available for >3 days. In
addition, there were no clinical signs of overt toxicity that
could be attributed to the administration of AD-214 following
doses up to 100 mg/kg (human equivalent dose of 30 mg/kg).

AD-214 modulates markers of fibrosis and inflammation

To gain insight into the consequences of blocking CXCR4
signaling with AD-214 in a fibrotic disease setting, we used
the BioMAP® Fibrosis Panel.>>** In this system, a panel of
three primary non-diseased human co-cultured cell types rele-
vant for fibrosis are exposed to transforming growth factor-f3
(TGFp) and tumor necrosis factor (TNF) to model myofibro-
blast differentiation during chronic inflammation and wound
healing in different tissue settings. This system consists of a co-
culture of lung fibroblasts alone or with lung epithelial cells,
and another co-culture of lung fibroblasts with renal epithelial
cells. Information on the phenotype produced by
incubating AD-214 at a range of concentrations of potential
clinical relevance was evaluated in these systems by measuring
an array of disease-relevant protein biomarkers (Figure 4).
These studies revealed that AD-214 is not cytotoxic at the
concentrations tested as determined by measuring the total
protein content of the test wells using the binding of sulforho-
damine B (SRB) to cellular proteins (SRB marker in Figure 4, p

Group Dose (mg/kg) Sex Cmax (ug/mL) £ SE AUCO-Tlast h*ug/mL + SE AUCeo h*pg/mL t¥2 (h) Cl (mL/h/kg) Vz (mL/kg)

Day 1

2 10 M 243 £ 211 228 £17.7 228 £17.7 24+£1.0 443 + 3.6 1540 + 186
F 212+ 271 171 £ 30 171 £ 30 227 +038 63.1 + 134 2060 =+ 436

3 30 M 583 + 6.44 1010 £ 754 1010 + 76.6 25919 30+24 1120 £ 112
F 541+ 114 703 = 60.3 707 = 60.2 286 £ 1.2 43.1+£39 1760 £ 81.5

4 100 M 1770 £79.7 4840 + 383 4850 + 383 257 15 211+ 14 787 £ 81.2
F 1640 + 140 4610 + 248 4620 + 249 21815 219+1.2 694 + 76.6

Day 25

2 10 M 174 £15.3 187 £5.58 193 £0.8 35+224 51.8+0.2 2610 = 1670
F 192 + 457 160 + 30.3 160 = 30. 1 8.83 3.1 67.1 £12.7 770 £ 255

3 30 M 642 + 45.6 1170 £ 168 1180 + 167 *35.7 £ 14.2 266 + 4.3 1490 + 705
F 667 = 27 781 £ 60.2 804 = 71.1 615+ 152 379 £31 3280 = 729

4 100 M 1880 + 113 4660 + 352 4670 + 353 295+ 86 219+ 16 857 + 192
F 1780 + 168 5020 + 587 5040 + 587 264+ 64 209 £23 856 * 251

Data are presented as mean + SE. *R2 adjusted = 0.77 (<0.8). M, male; F, Female. Cmax, peak serum drug concentration; AUC, area underthe plasma concentration time
curve; t¥, plasma elimination half-life; CL, plasma clearance; Vz, volume of distribution; SE, standarderror.
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Figure 4. Effect of AD-214 on BioMAP® fibrosis systems. Human primary lung fibroblasts pooled from multiple donors were stimulated for 48 h with a pro-fibrogenic
cocktail of TNF and TGFp are cultured either alone (MyoF) or in co-culture with human small airway epithelial cells (SAEMyoF, modeling lung fibrosis) or human renal
proximal tubule epithelial cells (REMyoF, modeling kidney fibrotic disease) and treated with AD-214 (1100, 370, 120, 41 nM). The effects of AD-214 on protein-based
readouts in each system (x-axis) are displayed as a log ratio over vehicle control (y-axis). The gray region around the Y-axis represents the 95% significance envelope
generated from historical vehicle controls. A dose-dependent modulation outside of this envelope suggest biological/therapeutic relevance in fibrosis. Line colors
indicate different AD-214 test concentrations. Prefix “s” denotes soluble readouts measured in the system supernatant, other readouts are cell-associated. Error bars
denote standard error: variation of the raw biomarker measurements from both AD-214 treated samples and vehicle control treated samples.

>0.05). AD-214 was active in both small airway epithelial cell/
differentiated lung myofibroblast co-culture lung (SAEMyoF)
and renal (REMyoF) systems and had little activity in the
MyoF monoculture system (Figure 4), indicating that AD-
214 primarily impacts epithelial cell biology or the paracrine
signaling that occurs between epithelial cells and fibroblasts. In
the lung system, AD-214 resulted in a decrease of the fibrosis-
related matrix markers collagen I and collagen III (p < 0.01). In
addition, monocyte chemoattractant protein (MCP-1),
a chemokine that regulates recruitment of monocytes and
T cells into the site of inflammation was significantly reduced.
Common activities in both the lung and renal systems
included a decrease in sIL-6 (p <0.01) and sIL-8 (p <0.01)
expression. Interestingly, AD-214 differentially affected
E-cadherin, a marker of epithelial cells that mediates cell-cell
contact, in the two systems: expression was decreased in the
lung system (p < 0.01) and increased in the renal system (p <
0.01). Notably, there was no change in the epithelial marker
N-cadherin in the SAEMyoF system (p > 0.05). Overall, these
results suggest that AD-214 could have a role in reducing
myofibroblast formation, inflammation, and fibrosis develop-
ment in the lung and perhaps also the kidney.

Using this system, we next compared the AD-214 response
to that of nintedanib and pirfenidone, two therapeutics
approved for the treatment of IPF (Figure S5a).
Comparing AD-214 and nintedanib (Figure S5a), only one

common activity was annotated within the REMyoF system
(reduction of sVEGF) and 14 differentiating activities within
the SAEMyoF (MCP-1, E-cadherin, M-CSF, sIL-6, sIL-8),
MyoF (VCAM-1, Collagen I, PAI-1, TIMP-1), and REMyoF
systems (Collagen I, IP-10, I-TAC, E-cadherin, MMP-9).
Comparing AD-214 to pirfenidone (Figure S5b), again there
was one common activity reduced in the SAEMyoF system,
Collagen III, but only seven differentiating activities were
observed within the SAEMyoF (M-CSF), MyoF (Collagen I,
Collagen 1V, PAI-1), and REMyoF systems (MCP-1,
E-cadherin, sVEGF). Overall, these data demonstrate
that AD-214 has a different signaling profile to pirfenidone
and nintedanib.

AD-214 reduces collagen deposition in human lung

Precision-cut lung slices (PCLS) provide an ex-vivo model
that has the potential to indicate the translational relevance
of a given therapy for lung fibrosis.>* Fibrogenesis can be
induced in PCLS from healthy lungs using a fibrotic cock-
tail of cytokines and growth factors that drive pulmonary
fibrosis and mimic those seen in IPF, including increased
extracellular matrix (ECM) deposition and alveolar remo-
deling. This fibrosis model can be used to assess anti-
fibrotic and other properties of novel compounds.”>”*’
PCLS from three donors (Figure S6) were cultured in vitro
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in control media or media with a fibrotic cocktail consisting
of TGF-B, platelet-derived growth factor-AB (PDGF-AB),
TNF, and lysophosphatidic acid (LPA). Culture media
minus the fibrotic cocktail resulted in no deposition of
collagen as assessed by Masson’s trichrome staining
(Figure 5a top left). The fibrotic cocktail induced
a significant increase in collagen deposition (Figure 5a top
middle and Figure 5b). To assess the effects of AD-214 on
collagen deposition, PCLS were stimulated with fibrotic
cocktail for 48h, known to be sufficient to induce early
fibrotic like changes,”®*® before the addition of AD-214,
control i-body, 21H5-Fc (DAPA), or nintedanib for an
additional 72 h. PCLS treated with the control i-body 21H5-
Fc showed a similar increase in collagen as treatment with
the fibrotic cocktail (Figure 5a top right). In contrast, treat-
ment with AD-214 resulted in a significantly reduced level
of collagen (Figure 5a bottom left and Figure 5b). Although
there was a trend for lower levels of collagen in response to
nintedanib treatment, this was not statistically significant
(Figure 5a bottom right and Figure 5b). These data indicate
that AD-214 can induce a reduction in collagen in human
lung in response to fibrotic stimuli.

Murine bleomycin model of lung injury

Bleomycin models have been used extensively to model human
lung fibrosis and to test for preclinical efficacy of molecules
with antifibrotic activity.””*' A bleomycin mouse model was
therefore used to determine the pre-clinical efficacy of AD-214
in modulating pulmonary fibrosis in vivo. Mice were treated
with AD-214 starting at day 8 after bleomycin administration,
at which point dosing began with pirfenidone (30 mg/kg) and
nintedanib (60 mg/kg) until day 21. AD-214 and the control
i-body 21H5-Fc (DAPA) (30 mg/kg) were administered every
2 days at 0.01, 1, 10, or 30 mg/kg or every 4 days at 10 and 30
mg/kg. Bleomycin administration induced lung remodeling as
early as day 8 (shown as a dotted line in Figure 6) and apparent
remodeling after 21 days was evident by histological Ashcroft

Media only Fibrotic cocktail

scoring of groups treated with bleomycin alone (second bar in
Figure 6). Administration of AD-214 at 1, 10, or 30 mg/kg
every 2 days from day 8 to day 21 markedly ameliorated
fibrotic lung remodeling relative to vehicle control, as assessed
by Ashcroft Scoring (Figure 6). At 21 days, the group treated
with AD-214 at the lowest concentration of 0.01 mg/kg did not
show a significant effect on fibrosis as it was indistinguishable
from the group treated with bleomycin alone. In contrast, AD-
214 groups treated with 10 mg/kg or 30 mg/kg every 4 days
showed a significant decline in Ashcroft scores at day 21
(Figure 6), suggesting that the progression of lung fibrosis
was reduced after the commencement of AD-214 treatment.
Treatment with pirfenidone and nintedanib at the concentra-
tions indicated did not result in a significant reduction of
Ashcroft scores in this model (Figure 6). These results suggest
that targeting CXCR4 signaling via AD-214 effectively amelio-
rated fibrotic lung remodeling in a preclinical murine model of
lung fibrosis.

Linking CXCR4 receptor occupancy with efficacy for
AD-214

We next sought to develop a method to determine doses of AD-
214 that would be potentially efficacious in Phase 2 clinical trials.
Unpublished results from a Phase 1 trial of AD-214 trial of AD-
214 (NCT04415671) revealed high and durable CXCR4 receptor
occupancy (RO) by AD-214 on circulating T cells. To determine
whether RO is sufficient to inhibit a model fibrotic process, we
developed an ex vivo model system whereby RO and a measure
of efficacy, T cell migration, can be causally linked. To mimic the
in vivo situation, we elected to use primary human T cells
isolated from cryopreserved buffy coat samples obtained from
non-diseased donors, the sampling method, and demographics
for which have been reported previously.” Notably, these cells
are age-matched to IPF patients (>50 years). We first carried out
characterization of the buffy coats. First, we demonstrated that
the CD3+ lymphocyte population are predominantly T cells
(65% CD4+ and 33% CD8+) (Figure S7a) and express CXCR4

&

1uM AD-214

1uM nintedanib

&

1uM 21H5-DAPA
8-
]
6_
&
]
[ b
& 44
g b
s 'y
= 2 o
8
=
0 T T T T T
Fibrotic cocktail: - + +
. \}‘ Treatment:

control i-body | +
AD-214
nintedanib | +

Figure 5. Effect of AD-214 in a PCLS fibrosis model. Human PCLS were exposed to a fibrotic cocktail for 48 h with or without 1 pM of treatment as indicated.
Representative images are shown in (a). The area of collagen was measured in sections of human lung slices stained with Masson'’s trichrome stain; the area of collagen/
total field of lung tissue, measured in 10 fields/section to give an average % for each section (b). Each data point represents an individual lung slice. Data is presented
a mean = standard deviation. One-way ANOVA, *<0.05, **<0.01, n = 3-5 donors, 1-2 sections/donor/condition.
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Figure 6. Effect of AD-214 in a bleomycin model of lung fibrosis. The effect of 0.01 to 30 mg/kg AD-214 to abrogate bleomycin-induced lung fibrosis in C57BL/6 mice
(15/group) was measured by histology (Masson’s trichrome staining and modified Ashcroft scoring). Mice were treated with drug or control as per the dosing schedule
detailed in the figure. Horizontal line denotes average Ashcroft score at day 8 post-bleomycin, start of drug treatment. Statistical significance assessed by ANOVA with
post hoc Dunnett's comparison test comparing to group 2 (21-day bleomycin and vehicle alone). A difference was considered statistically significant with p < 0.05. NS

not significant. *p < 0.05, **p < 0.01.

(Figure S8a), as expected. We then confirmed that these T cells
could be enriched using immunomagnetic (negative) sorting
(live CD3+ T cells >86% of total, Figures S7b and S8b), express
CXCR4 as measured by anti-CXCR4 antibody (clone 12G5)
staining (Figures S7c and S8a), and were capable of migration
ex vivo in response to CXCL12 stimulus (Figure S7d). Next, we
confirmed that AD-214 has high affinity for CXCR4 in three
different T cell donors (Kp: 365.3 + 161.1 pM; Figure 7a) and in
one donor qualified an RO assay method using an anti-CXCR4
antibody clone 12G5 that competes with AD-214 (Figure 7b). As
shown in Figure 7b, pre-incubation of AD-214 limits binding of
a saturating concentration of 12G5 in a dose-dependent manner
(Figure 7b, top panel) from which RO could be calculated
(Figure 7b, bottom panel). Lastly, we confirmed that AD-214
inhibited CXCL12-induced migration of T cells in a dose-
dependent manner (IC50: 99.9 pM; Figure 7c and Figure S7d),
whereas control i-body 21H5-Fc (DAPA) was not inhibitory
(Figure S7e). Using these established RO and migration assay
conditions, we next sought to link AD-214 occupancy of CXCR4
with efficacy. RO and subsequent migration assays were per-
formed in three different donors. As expected, AD-214 dose-
dependently inhibited CXCL12-induced migration of T cells
from each donor (Figure 7d). Maximal inhibition was achieved
with 57-85% RO, equivalent to 0.7-1 nM of AD-214. The ICs,
was 11-37% RO, equivalent to 0.07-0.15 nM of AD-214.

Discussion

This report describes the development and characterization
of AD-214, an Fc-tagged version of the anti-CXCR4 i--
body AD-114 designed to improve the half-life, affinity, and
manufacturability of the molecule. AD-114 was selected as it
binds specifically to CXCR4 with low nM affinity and dis-
played anti-fibrotic properties in a bleomycin model of IPF."

In a subsequent study, we explored half-life extension strate-
gies, including fusion of AD-114 to the intrinsically unstruc-
tured PAS polypeptide sequence comprising 600 amino acids
at its C-terminus (AD-114-PAS), but the affinity of AD-114-
PAS for CXCR4 remained modest (low nM).'® Therefore, as
reported here, we elected to fuse AD-114 to an Fc domain to
extend the half-life and increase affinity/avidity as well as
manufacturability. Indeed, AD-214 binds specifically to
CXCR4 with ~ 1,000-fold enhanced affinity compared to the
untagged AD-114, consistent with an increased avidity due to
the i-body existing as a dimer with a molecular weight of ~75
kDa. Notably, AD-214 bound to FcRn with the same affinity as
that reported for other monoclonal antibodies,?®*? demon-
strating that the Fc of AD-214 retains its ability to bind to
FcRn, which contributes to prolonged serum half-life of IgGs
and Fc-fusion proteins. Moreover, the addition of the DAPA-
mutated Fc resulted in a half-life of AD-214 of 22-29 h in non-
human primates, as compared to AD-114 which is rapidly
cleared.”” We also show that AD-214 binding to CXCR4 can
modulate intracellular signaling resulting from stimulation of
this cytokine receptor by the ligand CXCL12, demonstrating
that AD-214 is a CXCR4 antagonist inhibiting CXCL12/
CXCR4-related signaling pathways.

Importantly, modification of the i-body with the addition of
the Fc fusion at the C-terminus maintained the general
mechanistic profile to the non-Fc-tagged i-body, AD-114. No
change was observed to the CXCR4 binding region of the
i-body, inhibition of receptor activation, and subsequent func-
tional effects. In fact, in a dimeric format, these activities are
improved, suggesting that the differences in potency are
directly due to the improved design of the i-body. The further
development of this Fc fusion domain to include two-point
DAPA mutations abolishes interactions with Fcy receptors
that mediate effector functions and any Fcy-mediated
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Figure 7. Linking receptor occupancy (RO) with efficacy for AD-214. (a) Binding of AD-214 to CXCR4 on primary human T cells. CD3+ T cells isolated from buffy coats of
healthy volunteers were treated with a concentration gradient of AD-214 for 15 min at 37°C, washed and AD-214 was detected using AF647-conjugated anti-H+L
secondary antibody. Data was normalized to background fluorescence minus one (FMO) control and a non-linear regression curve from which the Kp was calculated.
Data for three independent donors with n = 2-3 technical replicates per AD-214 concentration is shown. (b) RO assay for AD-214 on primary human T cells. To measure
free and occupied CXCR4, the assay was performed as in (a) with the modification that cells were also stained with anti-CXCR4 (clone 12G5)-BrilliantViolet421 antibody
which competes with AD-214. Data from a single donor with n = 3 technical replicates per AD-214 concentration is shown. (c) Effect of AD-214 on migration of primary
human T cells. Cells were treated with AD-214 as in (a) before being loaded into transwell plates and migration into the bottom chamber in response to SDF-1 (10 nM)
quantified 2.5 h later. Data from a single donor with n = 3 technical replicates per AD-214 concentration is shown. (d) Effect of RO on SDF-1 induced T cell migration.
Cells were treated with a concentration gradient of AD-214 or control (vehicle diluent) and stained for AD-214 and free CXCR4 as above before being loaded into being
loaded into transwell plates and SDF-1 induced migration into the bottom chamber quantified 2.5 h later. Bottom panel shows levels of RO and concentrations of AD-
214 required to achieve them. Data were fitted to a non-linear regression analysis from which the 1C50 was calculated. Data from 3 donors with n = 3 technical
replicates per AD-214 concentration is shown. MFI, median fluorescence intensity. Error bars represent the standard deviation.

destruction of CXCR4-containing hemopoietic cells. *' The
lack of effector functions, specifically ADCC, ADCP, and
CDC, was confirmed by in vitro cell reporter assays. Thus,
when used in a chronic disease setting, there should be no
effector-mediated killing of bystander CXCR4-expressing cells
necessary for normal physiological function.

Blocking CXCR4 has been shown to inhibit the progres-
sion of fibrosis in several preclinical models.'>**** We pre-
viously demonstrated that the antifibrotic effects of AD-214
in the unilateral ureteral obstruction (UUQO) model of kid-
ney fibrosis® and the non-Fc-tagged i-body AD-114 dis-
played therapeutic efficacy in the bleomycin model, as well
as the folic acid model of kidney fibrosis.'>>* Here, we
demonstrate that AD-214 is efficacious when administered
therapeutically, 8 days post-bleomycin administration, in
the mouse bleomycin model of lung fibrosis. To extend
these findings to a human fibrosis model, we used human
PCLS treated with a pro-fibrotic cocktail, where AD-214
was  antifibrotic,  reducing  collagen  deposition.
Interestingly, in both models AD-214 performed better
than the standard of care drugs for IPF, pirfenidone (not
tested in the PCLS model) and nintedanib, suggesting
that AD-214-mediated blockade of CXCR4 may have

superior therapeutic effects. A limitation of the PCLS stu-
dies is that we did not explore more translationally relevant
doses of AD-214 and nintedanib. The 1 pM dose used in the
current study is ~10x higher than the Cmax for nintedanib
(standard 150 mg oral dose achieves 37-74 nM), versus 2x
lower than the Cmax for AD-214 at a clinically viable IV
dose (10 mg/kg). This difference would be further amplified
if total exposure is considered. The half-life is 9-12h for
nintedanib and ~48 h for AD-214. Thus, we would hypothe-
size that titration of AD-214 and nintedanib to concentra-
tions reflecting their in vivo PK, AD-214 would be more
efficacious in the PCLS assay, and the same would be true
for the bleomycin model where 60 mg/kg daily nintedanib
only showed a trend for efficacy, whereas 10-30 mg/kg
of AD-214 every 2 to 4 days led to a statistically significant
reduction in lung fibrosis.

We focused herein on providing preclinical proof-of-
concept for AD-214 as a therapeutic for IPF; however, it is
noteworthy that all forms of ILD can cause irreversible pul-
monary fibrosis' and increased CXCR4 expression has been
linked with nonspecific interstitial pneumonia, hypersensitiv-
ity pneumonitis, and connective tissue disease-associated
ILD,” suggesting AD-214 could offer clinical benefit for these



patients. Likewise, AD-214 may be applicable in the treatment
of long COVID-19, which has been associated with the accu-
mulation of CXCR4-expressing T cells’>*® and pulmonary
fibrosis,”” as well as chronic obstructive pulmonary disease,
where CXCR4 blockade has been shown to improve lung
function.®®

CXCL12/CXCR4 signaling has been implicated in cellular
and molecular processes relevant to IPF that are thought to
occur through three key pathways: 1) promoting inflammatory
cell and fibrocyte recruitment into the damaged lung
tissue;'>*” 2) promoting secretion of profibrotic factors and
epithelial to mesenchymal transition®'>*>***!; and 3) promot-
ing fibroblast migration and differentiation and ECM deposi-
tion during tissue remodeling.*'>** Together with our
previous work,'*** we have demonstrated that AD-214 (and
its analogue, AD-114) can act via all three putative modes of
action in a dose-dependent and fibrosis-specific manner.

Inhibition of immune and inflammatory cell recruitment

AD-114 inhibits fibrocyte recruitment to the lungs in the
bleomycin model and macrophage infiltration in the folic
acid model of kidney fibrosis, and AD-214 inhibits infiltration
of macrophages, T cells, and myeloid cells in the UUO model
of kidney fibrosis.”> Consistent with these findings, in the
current study we found that AD-214 potently (low pM ICs)
inhibits the migration of primary human T cells in response to
SDEF-1. Though the role of T cells in IPF is controversial, we
suggest that they are a useful surrogate for CXCR4+ immune
and inflammatory cells, and that AD-214 would inhibit other
immune and inflammatory cells involved in IPF, as has been
shown for AD-214 and AD-114 in the context of kidney
fibrosis and AD-114 in IPF.

Inhibition of secretion of profibrotic factors,
proinflammatory factors, and EMT

AD-114 attenuates the production of profibrotic factors and
pathways upstream of EMT in renal proximal tubule epithe-
lial cells.” In the study reported here, the protein biomarker
readouts from the AD-214-treated co-cultures (BioMAP®
Fibrosis Panel) revealed a decrease in E-cadherin, an epithe-
lial, but not myofibroblast-expressed, cell adhesion mole-
cule, in the small airway epithelial and myofibroblast co-
culture and an increase in the renal epithelial and myofibro-
blast co-culture, suggesting that AD-214 may have differen-
tial effects in these two systems. When epithelial cells
undergo EMT, N-cadherin typically increases,*>*’ but there
was no effect of AD-214 on N-cadherin expression in either
co-culture system. Thus, there appears to be no significant
effect of AD-214 on EMT, at least in these models of fibro-
sis. On the other hand, AD-214 reduced E-cadherin in the
small airway epithelial and myofibroblast system and it has
been reported that soluble E-cadherin participates in bleo-
mycin-induced pulmonary fibrosis by promoting EMT and
the migration of lung fibroblasts.** The BioMAP® Fibrosis
Panel also revealed that AD-214 conferred a reduction in the
inflammatory markers IL-6 and IL-8, suggesting an anti-
inflammatory effect of AD-214. Importantly, AD-214 had
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a larger impact on fibrosis-related biomarkers in co-cultures
of epithelial cells and fibroblasts than on fibroblasts cultured
alone, suggesting impacts on cell-cell communication and/
or paracrine signaling. Interestingly, there is compelling
evidence that the markers that were reduced by AD-214
are all involved in progressing fibrosis. Papiris et al. demon-
strated that high levels of IL-6 and IL-8 correlated with acute
exacerbations in early IPF and that an increase in IL-6 and
IL-8 levels is associated with negative patient outcomes.*’
Additionally, we observed that AD-214 attenuated the
expression of MCP-1/CCL2, another chemokine known to
play a key role in the pathogenesis of IPF.*® This is notable
because of the potential for redundancy among chemokines
involved in the pathogenesis of IPF and suggests that AD-
214 offers the unique modality of dual-chemokine pathway
inhibition: direct CXCR4 blockade and inhibition of MCP-
1/CCL2 expression.

Inhibiting myofibroblast activity, fibroblast migration,
and ECM deposition during tissue remodelling

Our previous work has shown that AD-214’s antifibrotic
effects occur via attenuation of collagen and fibronectin for-
mation in the UUO model, with a similar mechanism observed
for AD-114 in the bleomycin model of lung fibrosis.”> In the
present study, screening of AD-214 in the BioMAP® Fibrosis
Panel revealed that AD-214 induced robust reduction in
expression of Collagen III, one of the major collagens that is
increased in lung fibrosis.** Similarly, in the PCLS system AD-
214 significantly inhibited the deposition of collagen induced
by a pro-fibrotic cocktail. A limitation of our study is that we
did not evaluate the effects of AD-214 in PCLS isolated from
IPF patients, arguably a more disease-relevant model.
Interestingly, in a similar study to ours that compared the
effect of saracatinib, a small-molecule src kinase inhibitor,
the authors found only 2 of 60 genes affected were unique to
IPF PCLS compared to healthy control PCLS treated with
a fibrotic cocktail, suggesting the fibrotic cocktail-treated
PCLS serves as reasonable surrogate for IPF.*’

Here, we were able to clearly differentiate the mechan-
ism of action of AD-214 from pirfenidone and nintedanib,
the two currently approved therapies for IPF. Both ninte-
danib and pirfenidone were approved based on Phase 3
studies indicating approximately 50% fewer patients who
received the drugs suffered an absolute decline of 10% or
more in lung function as measured by forced vital
capacity;*® " however, despite many studies, the precise
mechanism of action of these drugs remains
uncertain.’*> An overlay of the cellular responses
to AD-214 compared to each of these drugs has shown
that there is little overlap (Figure S5). Thus, AD-214 is
a novel antifibrotic with a mechanism of action that does
not overlap with the currently approved drugs for IPF.
Notably, pirfenidone has been shown to induce an increase
in CXCR4 levels,” therefore AD-214 may offer added ther-
apeutic benefit when used in combination.

Pharmacological characterization of AD-214 suggests
that the anti-fibrotic effects could be contributed by its
modulation/blockade of CXCR4-mediated p-arrestin
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(IC50: 7nM)/cAMP (IC50: 7.3 nM) signaling more so than
Ca2+ signaling where the IC50 is more modest (56 nM).
While we cannot rule out this possibility, epitope mapping
studies for AD-114 and two i-bodies with similar affinities
for CXCR4 demonstrate distinct epitopes are engaged,
leading to different pharmacological outcomes for each
i-body,'® and in follow-up studies only AD-114 and AD-
214 have demonstrated significant anti-fibrotic
activity.'>'®'%* Collectively, these data suggest that the
cumulative effect of B-arrestin, cAMP, and Ca2+ signaling
pathways downstream of CXCR4 contributes to the overall
potency and efficacy of AD-214; however, it would be
interesting for future studies to explore the relative con-
tribution of these pathways to the anti-fibrotic effects
of AD-214, particularly given the important role of Ca2+
signaling in lung fibrosis identified by others.”>>*

Lastly, we developed a method to link AD-214 engage-
ment with CXCR4, RO, and efficacy to estimate doses
of AD-214 that could be efficacious in future Phase 2
clinical trials. Unpublished results from a Phase 1 clinical
trial of AD-214 (NCT04415671) revealed high and durable
CXCR4 RO on circulating T cells. Using the RO and migra-
tion assay developed herein, we found that 60-85% RO
by AD-214 is sufficient to fully inhibit T cell migration,
demonstrating that AD-214 does not need to saturate cell
surface CXCR4 to inhibit this fibrotic mechanism.
Moreover, in the present study, marked inhibition of
T cell migration was achieved at far lower RO, 10-40%,
suggesting that maximal RO is not necessary for the anti-
fibrotic  effects mediated by AD-214. Notably,
a concentration of 1 nM AD-214 was sufficient to comple-
tely inhibit T cell migration and at 0.1 nM achieved 50%
inhibition of migration. This is important because 1nM
of AD-214 was found to be the serum concentration after
72 h following a 10 mg/kg IV infusion in the Phase 1 clin-
ical study. When extrapolated to the extended RO levels
achieved in the Phase 1 trials for AD-214, these data are
supportive of dosing 10-20 mg/kg weekly or every second
week via IV administration. However, future studies should
develop a PK/pharmacodynamics model for AD-214 and
utilize the thresholds of RO required to inhibit T cell migra-
tion, to better inform potentially efficacious dosing
regimens.

Taken together with the promising safety results from two
Phase 1 studies (NCT04415671, NCT05914909), the work
herein provides further characterization of the mechanism of
action of AD-214 as a potent antifibrotic and anti-
inflammatory in models of IPF and demonstrates
a promising safety and efficacy of profile. Therefore, further
clinical testing is warranted for AD-214 in patients with IPF.

Materials and methods
Study approval

The murine bleomycin experiments were conducted according
to MuriGenics’ Institutional Animal Care and Use Committee
protocol and approved by MuriGenics’ Institutional Animal
Care and Use Committee (IACUC). In vivo non-human

primate PK studies were conducted at ITR Laboratories
Canada Inc. in accordance with the principles outlined in the
“Guide to the Care and Use of Experimental Animals” as
published by the Canadian Council on Animal Care and the
NIH’s “Guide for the Care and Use of Laboratory Animals”
and were approved by the Animal Care Committee of ITR
Laboratories Canada Inc. Animal Care Committee acceptance
of the study plans was maintained on file at ITR Laboratories
Canada Inc. All methods using animals were carried out in
accordance with the relevant guidelines and regulations and in
accordance with ARRIVE guidelines.> Ethical approval for the
human buffy coats was granted by the Human Ethics
Committee of La Trobe University and the Australian Red
Cross Blood Service Ethics Committee and met the require-
ments of the Australian National Statement on Ethical
Conduct in Human Research.

Antibodies and dyes

Sequences of human Fc region-tagged i-bodies were designed
and cloned into a pcDNA3.1 vector (GenScript, Singapore).
Constructs were transfected into the ExpiCHO (Invitrogen,
USA) expression system following the manufacturer’s proto-
col. Fc-tagged i-bodies were purified using orthogonal chro-
matography steps. Proteins were captured using affinity
chromatography (protein A affinity resin, MabSelect PrismA,
Cytiva), followed by mixed mode and cation exchange chro-
matography steps (Capto Adhere ImpRes, Capto S ImpAct,
Cytiva, respectively), and buffer exchanged to Formulation
Buffer (20 mm sodium succinate, 75 mm arginine, 125 mm
sorbitol, pH 4.4) and concentrated to ~20 mg/mL using
AKTA Flux S tangential flow filtration system (Cytiva).
Polysorbate 20 was added to 0.02% final concentration (w/w)
and protein was filtered through a 0.22 pm filter. The following
anti-human antibodies were used for flow cytometry: CD3-PE
(52127, BD), CD4-V450 (50346, BD), CD8-FITC (51947, BD),
CD19-PE-Cy7 (29941, BD), CD14-BrilliantViolet650 (31836,
Biolegend), anti-Fc-FITC (309-096-008, AffiniPure F(ab’)2
Fragment Rabbit Anti-Human IgG, Fcy fragment specific,
Jackson ImmunoResearch), anti-human H-+L-AF647
(A-21445, Goat anti-Human IgG (H+L) Cross-Adsorbed
Secondary Antibody, Alexa Fluor™ 647, Invitrogen).
A viability dye live/dead aqua (AF405 Invitrogen) was used
to exclude dead cells.

SDS-PAGE

Protein samples (1 ug) were formulated in 4x loading buffer
(reducing or non-reducing) and analyzed by SDS-PAGE using
4-15% Bio-Rad® TGX™ gel, Bio-Rad® Precision Plus Protein™
markers, Thermo Fisher Scientific SYPRO® Orange Protein
Gel Stain.

Analytical size exclusion chromatography

AD-214 was analyzed on an Agilent LC 1260 Infinity II System
outfitted with 1260 Infinity II Vialsampler, 1260 Fraction
Collector analytical scale, and 1260 Infinity II Diode Array
Detector HS using a TOSOH TSKgel G2000SWxI (7.8 x



300 mm) column, flowrate 0.5 mL/min, 280 nm BW 4 nm UV
detection as follows. 20 mm sodium phosphate, 500 mm NaCl,
250 mm L-Arginine, pH-7.3 £0.1 was used as mobile phase
buffer and the column was equilibrated for 30 min before
initiating the sequence. Samples were adjusted to
a concentration of 2.0 mg/mL using mobile phase buffer and
15 uL of diluted AD-214 injected to achieve a 30 ug load per
injection. The injection sequence included blank injections,
a gel filtration standard injection, and injections of the refer-
ence material. Chromatograms were overlayed using Agilent
OpenLAB CDS (ChemStation edition) software.

SPR experiments

All SPR experiments were carried out using a BIAcore T200
(Cytiva) instrument.

AD-214 binding to CXCR4 lipoparticles was performed as
follows. Streptavidin was immobilized on flow-cell 1 & 2
(Fcl, 2) of Series S CMS5 sensor chip using standard amine
coupling method at 37°C. Briefly, CM-dextran matrix was
activated with 0.2M 1-ethyl-3-(3-diethylaminopropyl)-
carbodiimide hydrochloride (EDC) and 0.05M N-hydroxy
succinimide (NHS) over 300 s, streptavidin (100 ug/mL in
10 mm sodium acetate, pH-4.5) was then passed over the
activated surface at a rate of 10 pL/min for 1400 s. Finally, 1
M ethanolamine-HCl (pH 8.5) was injected into both target
and reference flow cells for 420 s to deactivate any remaining
activated carboxyl groups on the surface. 1 x 137 mm NaCl,
2.7mm KCIl, 10 mm Na,HPO,, and 1.8 mm KH,PO, were
used as the immobilization buffer.

A biotin capture strategy was used to immobilize CXCR4
lipoparticles. Biotinylated CXCR4 lipoparticles were diluted
20-fold in 1x running buffer (10 mm HEPES, 150 mm NaCl,
1 mg/mL bovine serum albumin (BSA), pH-7.4) and captured
on the active flow cell (Fc2) using a flowrate of 2.0 uL/min and
contact time of 3800 s. Fcl was used as a reference for any
nonspecific binding of analyte and the flow cell temperature
was set to 25°C.

Single cycle kinetic experiments for AD-214 binding to
CXCR4 were performed at 25°C. AD-214 was diluted in 1x
running buffer (10 mm HEPES, 150 mm NaCl, 1 mg/mL BSA,
pH 7.4) to achieve a concentration series of 20 nM, 6.667 nM,
2.222nM, 0.7407 nM, and 0.2469 nM and injected over both
Fc at a flowrate of 30 uL/min. The contact time was 200 s and
dissociation time was 3000 s. Surface was regenerated using
1 mm phosphoric acid for 10 s at a flowrate of 30 pL/min. Data
were processed using Biacore S$200 Evaluation Software
Version 1.0 and fit to a 1:1 binding kinetic model.

A multi-cycle kinetic (MCK) assay was performed to
evaluate AD-214 binding to FcRn. AD-214 was immobilized
on a CM5 chip using abovementioned standard amine cou-
pling at 25°C. A 1:1 ratio of EDC and NHS was injected for 90
s at a flowrate of 10 uL/min, flowed by 10 ug/mL AD-214 for
20 s and finally 1 M ethanolamine-HCI pH 8.5 was injected for
420 s. Fcl was used for blank immobilization (reference flow-
cell) and 10 mm Na2HPO4/NaH2PO4, 150 mm NaCl, 0.05%
Tween-20, pH 5.8 was used as running buffer. Hu FcRn was
diluted in 1x running buffer to achieve a concentration series
of 250 nM, 125nM, 62.5nM, 31.25nM, 15.625nM, 7.8125
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nM, 3.90625nM, and 1.93125nM. Diluted Hu FcRn was
flown over immobilized AD-214 using a flowrate of 30 puL/
min, 200 s contact time and 300 s dissociation time, tempera-
ture 24°C. Surface was regenerated using four 30 s injection of
running buffer at a flowrate of 30 uL/min. Data were double
referenced against blank injections of buffer (FC2-FC1) and
fitted to 1:1 binding kinetic model using Biacore S200
Evaluation Software Version 1.0. Data were fit to a steady-
state affinity model using averaging with a 5s window 4s
before the end of injection.

Membrane protein array

A membrane protein array was performed to profile the spe-
cificity of AD-214 for hCXCR4 (Integral Molecular). To deter-
mine the optimal antibody concentration and minimize
background reactivity, different concentrations of the AD-
214 were tested on HEK 293T or QT6 cells expressing either
a membrane-bound protein A construct or vector alone
(pUC). These tests were conducted in a 384-well format
using a single dilution of secondary and tertiary antibodies
(Figure S9a-b). Data from assay setup experiments were used
to determine the optimal screening conditions for high
throughput immunodetection (Figure S9¢). Optimal screening
concentrations are determined by the background signal
(mean fluorescence intensity (MFI)) and false-positive rate in
the vector control.

To identify AD-214 binding targets, 5300 different mem-
brane proteins were each expressed in individual wells of
HEK-293T cells arrayed in 384-well plates. The cells were
then matrixed by pooling individual columns and rows of
each 384-well plate. Targets were then identified by detecting
antibody binding (using previously optimized conditions
described above and summarized in Figure S9¢) to overlapping
column and row pools, thereby allowing specific deconvolu-
tion. Each individual membrane protein target was assigned
values corresponding to the binding values of their unique row
and column pools. The resulting paired binding values were
subsequently normalized and transformed to give a single
numerical value for binding of AD-214 against each target
protein (Normalized Target Binding). Non-specific fluores-
cence was determined to be any value below 3 standard devia-
tions of the mean background value.

Pharmacological assays

PathHunter® f3-arrestin, HitHunter® cAMP, PathHunter®
Activated GPCR Internalization Assays and Calcium Flux
LeadHunter assays (all DiscoveRx) were performed according
to the manufacturer’s protocol in CXCR4 expressing cells and
as described previously.'®

ADCC and ADCP assays

An ADCC assay was performed using Ramos cells expres-
sing CD20 and CXCR4 as target cells. Reporter cell lines
stably expressing human FcyRIla V158 (high affinity) var-
iant were used as effector cells. A fixed effector to target
ratio of 5:1 was used. As a positive control for this assay,
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Rituxan (anti-CD20, Biogen) and Darzalex (anti-CD38,
Johnson & Johnson) were used. All test antibodies
including AD-214 test proteins were evaluated at a top con-
centration of 100 ug/mL. A log dilution series in triplicate
was performed for all antibodies and incubations were per-
formed for 6 h at 37°C with 5% CO,. After culture, Bio-Glo
was added to wells and examined on PerkinElmer 2300
EnSpire Multimode Reader plate reader. Relative light unit
(RLU) values were plotted on an XY chart, graphing RLU
against log of the antibody concentration, and the data fit to
a non-linear regression curve from which the ECso was
calculated. Fold induction was calculated by comparing
average RLU values to medium only.

For ADCP, the assay was performed as described
above, except FcyRIla (high affinity histidine at amino
acid 131) expressing Jurkat Reporter cells were used as
effector cells.

CDC assay

The ability of AD-214 to elicit CDC of CXCR4 expressing
cells was examined on the Ramos cell line (ATCC,
Catalog #CRL-1596). Ramos cells also express CD20.
Ramos cells were cultured in log-phase 1n RPMI-1640
Medium (ATCC, Catalog #30-2001) supplemented with
10% fetal calf serum (FCS), 2mm L-glutamine, 100 IU/
mL penicillin, 100 pg/mL streptomycin, 1 mm sodium
pyruvate (all from ThermoFisher) with viability >85% as
determined automated cell counter (Countess II FL
Automated Cell Counter; ThermoFisher; Catalog
#AMQAF1000) prior to experiments. Normal human
serum complement was purchased from Quidel
Corporation, Cat# Al113. Fifty thousand target cells were
plated on 96-well round bottom tissue culture-treated
plates (Corning, Catalog #33077). Twenty-five microliters
of antibodies (Rituximab, Darzalex, and AD-214 test pro-
teins) from a top concentration of 100 ug/mL for 7 points
(0.1, 1.0, 10, 100, 1,000, 10000, and 100,000 ng/mL) were
added in triplicate and incubated for 30 min. Twenty-
five microliters of human complement was added for
final 25% concentration. The plate was incubated for 3h
at 37°C, 5% CO,.

Following in-vitro cell culture and test article treatment, cells
were harvested and transferred to a 96-well round bottom plate.
Plates were centrifuged at 1200 RPM for 5 min at room tem-
perature (RT). Supernatant was aspirated off. Cells were resus-
pended in 50 pL of 1x PBS with propidium iodide (PI) at a final
concentration of 5 pg/mL. Cells were examined by flow cytome-
try using a BD Biosciences FACSCalibur flow cytometer (San
Jose, CA) by using a live gate based on forward vs side scatter
parameters. Three thousand total live cell events were collected
and examined by histogram for the fluorochrome of interest.
The MFI at each antibody concentration was determined by
Flow]Jo analysis software (Ashland, Oregon).

To generate ECs, values, total cells were examined by
flow cytometry during sample acquisition. Percentage of PI-
positive cells was plotted on an XY chart, graphing percen-
tage PI against the log of the concentration, and the data fit

to a non-linear regression curve from which the ECs, was
calculated.

Pharmacokinetic study in NHPs

Cynomolgus monkeys (Macaca fascicularis, Worldwide
Primates Inc.) were housed individually in a temperature,
humidity, and light-controlled environment (12 h light/dark
cycle) throughout the study. No inclusion and exclusion cri-
teria were used. Doses of 0 (vehicle control), 10, 30, or 100 mg/
kg of AD-214 were injected intravenously on Days 1, 4, 8, 11,
15,18, 22, and 25 over a period of 15 min as shown in Table SI.
Blood samples were collected from each monkey at the follow-
ing time points: Day 1: pre-dose, and 15 min, 1, 2, 4, 8, 12, 24,
48, and 72 h post-start of infusion (the 72-h sample was
collected prior to Day 4 dosing) and Day 25: pre-dose, and
15min, 1, 2, 4, 8, 12, 24, 48, and 72 h post-start of infusion.
Non-compartmental analysis was obtained from Day 1 and 25
data. Blood samples (1.5 mL) were taken via brachial veni-
puncture using K2-EDTA as anti-coagulant, centrifuged at
4°C and the resulting plasma was stored at —80°C in Protein
LoBind tubes (Eppendorf #0108116). Serum samples were
thawed and AD-214 quantified using an ELISA as described
previously."”” Animals were monitored for any signs of overt
toxicity through cage-side monitoring for health and beha-
vioral changes.

Transfection of TRex-CHO cell line

TRex-CHO cells were seeded into a 6-well plate in DMEM/F12
media 10% FBS, 10 pg/ml of blasticidin at 37°C 5% CO, and
transfected when the culture reached ~60% confluency by add-
ing Fugene HD (Promega) following product recommended
volume, followed by a 15-min incubation at RT. After incuba-
tion was completed, a mix of Flp-recombinase expression
vector POG44 (ThermoFisher, V6005-20) and pcDNA5FRT/
TO-hCXCR4 (GenScript) was added following product
instructions, and cells were incubated for 24 h at 37°C 5%
CO,. Media were carefully removed and replaced with
DMEM/F-12 10% FBS, 10 ug/ml blasticidin, and 500 pg/ml
hygromycin. Media were replaced every 24 h for 3 days and
then every 48 h until control cells died, or the transfected cells
become over confluent, then cells were subcultured into
T75 cm? flasks in a-MEM (Minimum Essential Medium o)
containing 10% FBS, 10 pg/ml blasticidin S, 500 ug/ml of
hygromycin B.

hCXCR4-CHO cell binding assay

The T-REx™-CHO cell line stably transfected with human
CXCR4, hereafter referred to as CHO- hCXCR4, and the
parent CHO line were grown in DMEM/F12 1:1 (Gibco)
with 10% FCS (SFBS, Bovogen), 1% penicillin/streptomycin
(Gibco) and hygromycin B (Gibco, 500 mg/mL). Tetracycline
(1 mg/mL) was added to the media for a minimum of 18 h to
induce hCXCR4 expression. U266 cells were grown in RPM1
with 10% FCS and 1% penicillin/streptomycin. Cells were
cultured in an atmosphere of 5% CO, and 95% humidity
at 37°C.



Binding of i-bodies to the above cell lines was tested as
previously described®® with modifications. Briefly, cells were
seeded 10” cells/well into 96-well round bottom tissue culture
plates (Corning), washed by centrifugation (1000 x g, 5 min)
and resuspension in FACS buffer (2mm EDTA, 2% FCS, 1x
PBS). Cells were then resuspended in FACS buffer
containing AD-214 (100-0.002 nM), 21H5-Fc (100-0.125
nM) or vehicle diluent. After incubation for 1h at 4°C, anti-
bodies were removed and cells were washed twice and blocked
using anti-human Fc block (Miltenyi, 130-059-901, 1:50) for
15min at 4°C followed by staining with Alexa Fluor™ 647-
conjugated goat anti-Human IgG (H+L) Cross-Adsorbed
Secondary Antibody (Invitrogen, A-21445) or FITC-
conjugated F(ab’)z Fragment Rabbit Anti-Human IgG, Fcy
fragment specific (Jackson ImmunoResearch, 309-096-008).

Primary human T cell isolation

Cryopreserved human bufty coat samples from healthy volun-
teers (aged >50 years) were provided by the Australian Red
Cross Blood Donation Center and prepared as described in
Jaffar et al.” Briefly, cryopreserved buffy coat samples from
individual donors were rapidly thawed in a 37°C water bath
and transferred to the media used in downstream migration
assays, hereafter referred to as starvation media (RPMI 1640
(15119, Gibco), 1% FCS, 0.1% penicillin/streptomycin), fol-
lowed by pipetting to resuspend the cells. Unless otherwise
status all centrifugation steps were performed at 1,500 rpm for
5min at 4°C. To lyse red blood cells, the pellet was resus-
pended in 10x volume of red blood cell lysis buffer (55899,
BD Pharm Rad® Lysing Buffer) and incubated for 15 min at
RT. White blood cells were washed by pelleting and resuspend-
ing in FACS buffer two times and counted by trypan blue
exclusion using a hemocytometer. CD3+ T cells were immu-
nomagnetically sorted using the TGX™ Human T Cell Isolation
Kit (17951, Stemcell Technologies) following the manufac-
turer’s instructions. Representative dot plots showing CXCR4
expression on CD3 T cells and CD3+ enrichment using the
Rad® Human T Cell Isolation Kit in a human buffy coat donor
are shown in Figure S8a and Figure S8b, respectively.

RO and subsequent migration assay in primary human
T cells

To link RO and migration, 250,000 CD3+ T cells isolated from
human buffy coats were incubated with a concentration gra-
dient of i-bodies for 15 min at 37°C. Cells were then seeded
into 5.0 um transwell plates (Rad® HTS Transwell-96 well,
CLS3387) and migration monitored in response to SDF-1
(Recombinant Human/Rhesus Macaque/Feline, 350-NS)
diluted in starvation media (RPMI/1% FCS) in the bottom
chamber. In optimization experiments, we observed that
a cell seeding density of 200,000 cells/well and 10 nM of
SDEF-1a provided an optimal dynamic range for CD3+ T cell
migration. In each assay, non-SDF-1a/background migration
was determined by including a 0 nM SDF-1 control. After 2.5h
of migration, cells plus media in the bottom well of the trans-
well were transferred to a V bottom plate, centrifuged, and
resuspended in 100 pL of 2% paraformaldehyde (PFA). Ninety
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microliters of the cell suspension was acquired on flow cyt-
ometer within 2-3 days. Debris were gated out during acquisi-
tion. Migration data are expressed as % inhibition of migration
where cells treated with SDF-1 alone = maximum and vehicle
treated cells = minimum.

Of the cells treated with AD-214, 50000 cells were washed
twice, blocked with human Fc block as before and RO was
assayed as follows. Cells were incubated for 30 min at 4°C with
a cocktail of antibodies that included 1) AF647- or FITC-
conjugated anti-human Fc, 2) live/dead aqua, and 3) anti-
human CXCR4 12G5-APC (36509) or -BrilliantViolet (BV)421
(36518) (both Biolegend) and CD3-PE (52127, BD). Cells were
washed a further two times before being fixed with 4% PFA,
washed, and data were acquired for a minimum of 5,000 live
cells per sample on a flow cytometer within 24 h. The fluores-
cence minus one controls (FMO) were used to determine posi-
tive staining for AD-214/H+L-AF647 and 12G5-BV421, and for
background subtraction. FMO was performed by staining cells
with all antibodies/dyes minus the antibody/fluorophore in ques-
tion. The MFI of the FMO control was subtracted from the
respective test conditions to give the true fluorescence of AD-
214/H+L-AF657 or Fc-FITC and 12G5-APC or -BV421. Then,
RO was calculated as: %RO =100 x (OCCUPIED/OCCUPIED
+ FREE), ie., %RO =100 x (AD-214 MFI/AD-214 MFI + 12G5
MFI). The RO assay method described herein was developed
based upon previous work, as described.”®*°

BioMAP® assays

The BioMAP* Fibrosis Panel was performed according to the
manufacturer’s protocol and as described.®""*> AD-214 was
tested in the epithelial cell/myofibroblast co-culture lung
(SAEMyoF), renal (REMyoF) systems, and lung fibroblast
monoculture (MyoF). Briefly, primary cells pooled from non-
diseased multiple donors (n=3-6) were commercially pur-
chased and handled according to the recommendations of the
manufacturers. Early passage (passage 4 or earlier) cells were
used to minimize adaptation to cell culture conditions and
preserve physiological signaling responses. Adherent cell
types were cultured in 96-well plates until confluent. The
three systems in the TGX™ Fibrosis Panel were stimulated
for 48 h with a cocktail of TNF and TGFP. AD-214, serially
diluted to concentrations of 41, 120, 370, and 1100 nM, was
added 1h before stimulation and remained in the culture.
Each plate contained control treatments: positive control
(colchicine), negative control (non-stimulated condition),
and vehicle diluent control. Soluble factors from superna-
tants are quantified using either Rad® detection, bead-based
multiplex immunoassay or capture ELISA. Direct ELISA was
used to measure biomarker levels of cell-associated and cell
membrane targets. Effects of AD-214 on cell viability (cyto-
toxicity) were measured by SRB after 48 h. All test agent and
controls were tested at four concentrations, in triplicate. Data
acceptance criteria were based on plate performance (% CV
of controls) and the performance of positive controls across
assays with a comparison to historical controls. Each indivi-
dual system was confirmed to pass the test of significance of
the Pearson’s correlation coefficient and 95% of all plates had
% CV <20%.



14 (&) J.P.LYNCHETAL.

PCLS fibrosis assay

PCLS were supplied by AnaBios (San Diego, USA). Lung tissue
was obtained from patients that were tested and confirmed free
from major pathogenic viruses and prior history of respiratory
disease. Donor demographics are outlined in Table 1. PCLS
were 300 um thick and cryopreserved after preparation, until
use in experiments.

Cryopreserved PCLS were thawed for use in experiments and
cultured in DMEM with 10% FBS, 1% penicillin-streptomycin
for 24 h. After 24 h, media were changed to either control media
(DMEM +0.1% FBS) or media with a fibrotic cocktail. Fibrotic
cocktail was prepared by the addition of each component and its
diluent in parallel to control medium supplemented with 0.1%
FBS (GIBCO) as previously published.®® Fibrotic cocktail con-
sisted of 5ng/ml recombinant TGF-8 (240-B-002/CF, R&D
Systems), 10 ng/mL PDGF-AB (PHGO0134, GIBCO), 10 ng/ml
TNF (P6804, R&D Systems), and 5 uM LPA (62215, Cayman
Chemical) and was replenished at 48 h, with or without treat-
ments. After 48 h, PCLS were treated with fibrotic cocktail
containing the addition of either 1 uM AD-214, 1 uM 21H5-
DAPA or 1 pM nintedanib (Cayman Chemical), with control
PCLS receiving media alone or fibrotic cocktail alone. PCLS
were then cultured for additional 72 h before fixation with 4%
PFA for histological processing. PCLS were tested in duplicate
for each condition.

Sections (5 mm) of fixed PCLS were prepared, stained with
hematoxylin and eosin (H&E), Masson’s trichrome (Melbourne
Histology Platform) and scanned into digital images with
a slide-scanner for analysis (Zeiss, Phenomics Australia-
Histopathology). Scanned slides stained with Masson trichrome
were used to assess degree of fibrosis. Ten non-overlapping
fields, with no tissue artifacts or large blood vessels, were ana-
lyzed per section. Area of collagen specific stain/total area was
assessed using the “Masson trichrome” color deconvolution tool
in Image J (image processing program, National Institutes of
Health and the Laboratory for Optical and Computational
Instrumentation), to give a percent of collagen/total area of
interstitial lung tissue. The average of all 10 fields was then
calculated to provide a mean percent of collagen/total area
per section. For each of the three donors, all available sections
were quantified (maximum of n = 2, minimum of n = 1).

Murine bleomycin model of lung injury

8-10-week-old male C57BL/6 mice were obtained from
Envigo Laboratories (Hollister, CA) and assigned 15 mice/
group at random. Following arrival, animals were weighed
using an electronic balance (Ohaus SCOUT® PRO,
Parsippany, NJ), given a clinical examination to ensure that
the mice were in good condition and housed at up to 5 per
cage. The animals were maintained in ventilated cage racks
with HEPA-filtered static cages using sterilized SaniChip bed-
ding 7090A (Harlan Teklad, Hayward, CA). Animal room
controls were set to maintain temperature and relative humid-
ity at 20°C £1°C and 50% + 20%, respectively. Housing rooms
were on a 12:12 light/dark cycle. Animals were provided with
ad libitum access to water (via water bottles) and chow (2018
Teklad Global 18% Protein Rodent Diet; Harlan Teklad).

Animals were acclimated on site for at least 3 days before the
initiation of dosing and were approximately 8-10 weeks old at
the time of BLM instillation.

BLM was purchased from Euroasia as Batch No. 21005
(Bleomycin sulfate from Streptomyces verticillus). BLM was sup-
plied as a dry powder at 1.5 TU per mg and was stored at —80 °
pending formulation. The vehicle for BLM (saline) was purchased
from Nurse Assist, Inc. (6240 haltom City, TX).

On the day of BLM dosing (Day 0), BLM was dissolved in
vehicle (saline) at 0.33 mg/mL. Following anesthetization with
an isoflurane/O, mixture, 195 mice (plus spares) were adminis-
tered a single intratracheal (IT) bolus instillation of 100 uL. BLM
each. This dose corresponded to 0.05 IU/mouse or 2 IU/kg
(assuming a body weight of 25 g/mouse). Animals were recov-
ered and then returned to their cages. The remaining 15 mice
received no BLM and instead were maintained as naive controls.

On Day 8, the naive controls were assigned to Group 1; the
BLM-instilled mice were randomized by body weight and
assigned to 13 groups of 15 mice each (Groups 2-14). Animals
not included in grouping were taken off study. Group-1 animals
did not receive any treatment but were maintained on study.
Group-3 animals were euthanized on Day 8 and samples were
collected as described below. Starting on Day 8, and continuing
as indicated through Day 21, animals of Groups 2 and 4-14 were
administered control or test articles as follows. Groups 2 and
4-12 were administered by IV injection with (respectively):
vehicle (succinate buffer) every other day (Q2D); single doses
of AD-214 at 10 or 30 mg/kg; AD-214 at 0.1, 1, 10, or 30 mg/kg,
Q2D; 21H5 at with 30 mg/kg, Q2D; or AD-214 at 10 or 30 mg/
kg every 4 days (Q4D). Groups 13 and 14 were administered
once daily (QD) by oral gavage (PO) with (respectively) 30 mg/
kg pirfenidone (Tocris Bioscience) or 60 mg/kg nintedanib.
Dosing was repeated at the indicated frequency through Day
20; therefore, the various groups received at total of 7 Q2D
doses, 4 Q4D doses, or 13 QD doses. Treatments were adminis-
tered at dose volumes of 10 mL/kg for PO and 2 mL/kg IV.

On Day 21, one day after the final dose administration (or
equivalent time for untreated or single-dose-treated mice; or
Day 8 for Group 3), all groups of animals were subjected to
terminal cardiocentesis and euthanized by CO, narcosis. The
left lung from each animal was fixed and processed for staining
with Masson’s trichrome, and fibrosis was assessed per the
modified Ashcroft scale (Table S2).

The left lung was recovered by necropsy and inflated
with 10% neutral-buffered formalin (NBF). Each lung was
drop-fixed in NBF overnight at RT, then transferred to
70% ethanol and stored at RT. The fixed tissue was pro-
cessed by standard methodologies, embedded in paraffin,
sectioned, and stained with Masson’s trichrome. The tri-
chrome-stained sections were used to assess fibrosis via the
modified Ashcroft scale® (see Supplementary Table S1) for
10 fields per sample under 10x magnification. A first batch
of trichrome-stained sections were rejected due to folding
of sections leading to false positive Ashcroft Scores (for
example, in naive mice that did not receive bleomycin).
A second set of sections were prepared and assessed by
a reader (MuriGenics) blinded to the study group (except
naive). These sections also were assessed by an indepen-
dent reader (Dr Clayton Yates, of Tuskegee University,



Director for the Center for Biomedical Research) to verify
the MuriGenics assessment.

Data analysis and software

Flow cytometry data were analyzed using BD FACSDiva™
and FlowJo v10 software. Graphs and statistical analyses were
generated using GraphPad Prism v9.

For PCLS assay data, significance was evaluated with one-
way ANOVA with Tukey’s multiple comparison test.

For BLM model data, one-way ANOVA with post hoc
Dunnett’s test was performed.

For the NHP PK assay, non-compartmental analysis of AD-
214 concentrations in serum data sets obtained on Days 1 and 25
was performed by using the Phoenix® WinNonlin® 6.4 software.
The following configuration was used for the analysis: Sampling
Method: Rich; AUC Calculation Method: Linear Trapezoidal
with Linear Interpolation; Lambda Z Method: Best fit for
Lambda z, Log regression; Weighting (Lambda z calculation):
Uniform. The extrapolated to infinity (AUCeo) was estimated
using the linear trapezoidal rule, by adding together the
AUC, 11, and the extrapolated area calculated as the ratio of
Clast/A z, where Clast was the last quantifiable concentration and
Az was the terminal rate constant. The half-life (t;/,), calculated
from Az, was determined by linear regression analysis using at
least three quantifiable concentrations in the elimination phase of
the concentration time curve (not including Tmax).

For analysis of the BioMAP® data, biomarker measure-
ments were profiled in triplicate for test agent-treated sam-
ples and divided by the average of vehicle control samples
(at least six vehicle controls from the same plate) to generate
a ratio that is then logl0 transformed. Significance predic-
tion envelopes were calculated using historical vehicle con-
trol data at a 95% confidence interval. Statistical p-values
were calculated from unpaired t-tests of raw assay values
compared to vehicle controls. Biomarker readouts were
designated hits if the values were significantly different
from controls (p < 0.01), values were outside of the signifi-
cance envelope (symmetrical upper and lower bound values
of historical vehicle controls at a 95% confidence interval),
and at least one concentration had an effect size >20% vs
vehicle controls.
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