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Head and neck squamous cell carcinoma (HNSE€®&)e sixth most common cancer and
annually an approximaté6,000 Americansare diagnosedand 8,600 Americanglie from the
diseaseThe oncogenic transcription tac STAT3 is frequently hypeactivatedin HNSCC and
promotes gene transcription involved in cancer development, maintenance and progression.
Several selective small molecule inhibitors of@linduced STAT3 activation were identified in
a screening campaigrand four analogs from a lead optird@tion series were analyzed
promote one to tesh vivo.

To choose a lead compound for vivo experimentation, hie four compoundswere
incubated with mouse liver microsomessklecta lead based oanhancednetabolic stability.
From this experimentaampound UPCDE10205 was prioritized fan vivo testing to evaluate its
toxicity, pharmacokinetics (PK) and metabolisBoth sngle and multiple IV dose toxicity
studies determined th#te maximum soluble dosd 4 mg/kg of compound UPCDC0205 in
10% Solu t o Wds not toxic to miceTo evaluate PK, single doses of UPGIE205 IV 4
mg/kg, PO4 mg/kg, or PO 30 mg/kgPCDG10205suspension in 1%arboxymethyl cellulose
were administered to groups of female mibat were euthanized fromb min to 24 hafter
dosing. Plasma, urine and various tissues were analyzed usiAgl$@ quantitate UPCDC
10205. PK parameters were determinedmnrcompartmentdy. Potential metabolites were
monitored in plasma and urine using-MS.

PK analysis showed rapid plasma clearanceeatensivedistribution of UPCDE10205.
Comparisons of plasma exposinetween 4 mg/kg PO and Bhowed a bioavailability of ~5%.
Little UPCDG 10205 wasobservedn urine, leading to the hypothesis that metadmlwas the

major contributor to clearance. Metabolic investigatioevealed direct glucuronidation athe



major metabolitegxplaining why microsomal stability (reflective of phase | metabolism) did not

translate tan vivo metabolic stability.
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1.0 INTRODUCTION

1.1 HEAD AND NECK SQUAMO US CELL CARCINOMA

Head ad neck squamous cell carcinorfiddNSCQ accounts for 90% of diagnosed head
and neck cancers and originates from the epithelium of the pharynx and oral ¢alhies
development oHNSCC has been corredat with a variety of factorsncludingtobacco use and
human papillomairus.> 2 HNSCC is the sixth most common cancer with approximately 46,000
Americans diagnosed and 8,600 Americans dying from the disease anriuslign account for
approximately 70% of those afflicted and dyfhBive year survival rates for all stages of head
and neck cancer are 60% with only modest improvementsnvtikipast 40 yeafsThe majority
of diaghoses are of advanced stage &0&o of patients will also have recurrent or metastatic
diseasé" ° Patients diagnosed with recurrent or metastatic HNSCC currently have no curative
options® The current standard of care for HNSCC varies depending on disease site and stage, but
treatment usually involves combinatorial surgery and radidt®hemotherapeutic options for
late stage HNSCC arconsidered palliative and iarrent therapies have demonstraagoroven
benefit to survivat Due to these factors, there has been an urgent and unmet need to identify
new chemotherapeutic options for HNSCC and increapgvall rates, especially in cases of

recurrent and metastatic HNSCC.

14



1.2 STAT3

Signal transducer and activator of transcription 3 (STAaC3)vationhas been implicated
in most cancer types including HNSEC'® STAT3 has been foun beconstitutively active
in HNSCC cell lines iad tumors™ *° Identification of this biomarker and elucidation of its
contributions to carcisgenesis may help to identify new therapies to combat the dis€ase
STATS3 has also been used as a prognostic factor for staging the disease, with increased STAT3
activation translating to a poorer clinical outcofn&berrant STAT3 activation can lead to the
initiation, development and metastasis of cancers by misregulating the genes and proteins needed
to overcomecancer progression barriérs” * ' 12 As well as directly manipulating gene
expression, STAT3 has been found to alter expressiondirectly by epigeneticDNA
methylation** STAT3 has also been shown to play a role in chemoradigiheesistance’
Understanding the STAT3 pathway and its involvementancerpathophyslogy may help

researchers and clinicians modulate its effects in cancer and other diseases.

1.2.1 STAT3 Pathway

STAT3 is part of a sevemember protein family that aess cytosolic signal transducers
and transcription factorthatregulate gene transcriptiSrf’ ® > STAT members are structurally
similar and have overlap in gene transcription, although each has unique targets of
transcription® ® STAT transcriptional activation requires phosphatign on a single tyrosine
residue towards its carboxyl terminus (Tyr788)™ This phosphorylation is usually initiated in
response to upstream cytokines or growth factors that activate their respecwpor or

associatedkinases which are then able to directly phosphorylate specific STATlyfami

15



members' ® > Upon phosphorylation by an upstream kinase, STAT proteins dimerize and
translocate to the nucleus where they can act as transcriptionsfhgtdinding to promoter

regions of thie regulatedgenes™ ® '° Figure 1 shows a simplified STAT3 activation pathway.

Growth factor Cytokine
receptors receptors
Extracellular Non-receptor
space EGF IL-6 tyrosine kinases
P ke rich 110 KT EAT TR ATETTT I ?Wﬁﬁ?ﬁ“ﬁ“ﬁﬁ“ﬁ?ﬁ“ﬁ?ﬁﬁ“ﬁ“ﬁ?ﬁ?ﬁ?ﬁ“ﬁ
5640868858668646 46666864888846488644488 M%M&Mn%&o%&&o&&&o%&%o&o&d%&%&o&
rasa % @ O
G
L : Q
STAT STAT
<

Cytoplasm
\ Q _

I.’ 3 ) 3 q 1 D€ 3( > D€ ) { o
Nuclear
membrane
Nucleus BGL 6 r
T Fa A Fa 2 Fe aYsaYsdaTsanTsay¥savs i §
¥ -._.-::::.IJ uj‘wr-..-i} WL WA '&A.;Y\.hd‘ AN AN T AN STAT-I’ESDOHSIUE genes

Figure 1. Schematic representation of STAT signaling pathways

122 STAT 3 6 sh CRnzdr e

Within the STAT family, STAT3 has been found to regulate fiomst such as cellular
proliferation, cell cycle progression, apoptosis, angiogenesis, immune invasion, survival,
inflammation, invasion and metasta$fs > *® '8 In nondisease statesnterleuking (IL-6)
induced STAT3 activation is used to provide survival cues and block apoptosis during

inflammatory processées Cancer development can hijack theBISTAT3 signaling pathway to
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constitutively activate STAT3 and promote carcinogenesis. In cancer cells, STAT3 has also been
shown to silence its negative regulator, SOCS (ssgpreof cytokine signalind) The link
between constitutively actated STAT3 signaling and cancer earned STAT3 the label of
oncogen®@ "STAT36s role as a point of convergence
it anattractive target for the development of new chemotherapeutic therapies.

EGF/EGFR and It6/IL-6R have been identified as primary, but not the only, regulators
of STAT3 phosphorylation and treatments that target these pathways are currently being
pursued® " ** EGFR modulating chemotherapies have become promising agents for HNSCC but
so far drugs targeting EGFR signaling have been found to only offer disease contofleand
palliative care, with no tumor regression in HNSECAdditionally, evdence has shown that
eventualdrug resistance is developed against EGFR inhibitdr&ne reasonfor resistance is
that there arenultiple pathways thaead toSTAT3 activationbesides EGFR, suggesting that
other STAT3 activators, such as-@, should be tgeted for STAT3 modulatioh A growing
body of evidence has implicated-8_production in HNSCC cells as the predominant activator of
STAT3.Y Investigations of STAT3 activation in HNSCC cell lines have shown that even in
EGFRpositive lines, STAT3 activation is not dependent on EGFR activitiBubsequently,
depletion of I-6, blocking the IL6R subunit (gp130) othe IL-6R associated intracellular
kinase (Janus kinase 8AK), leads to decreasedtivated STAT3 (pSTAT3) *° This research
implicates 11:6 is the primary factorof STAT3 activation in HNSCE® Clinically, both
increased IL6 andpSTAT3 levels have been associated with a oprognosis for those with

cancer® ¥ Serum I1-6 levels have also been used to predict HNSCC patient suf¥ial

17
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1.2.3 STAT3 as a Target

Targeting IL-6 induced STAT3 activation in HNSCC has been a logical target to develop
therapies. IL6 has been described as the traditional activator of SFAT3nonical 11-6
signaling pathway requires 46 to bind to its receptor, 6 R.13 ?® This interaction causes the
recruitment of gp130 subunits to the ligamdeptor complex® 2 Two of these complexes
interact together to form a hexamer that in turn causes intracellular autophosphorylation of
JAKs. 2 Activated JAKs are able to phosphorylate STAT3 proteins on the#§rresidug®
Two phosphorylated STAT3 proteins then homodimerize, which allows for the translocation of
the dimer into the nucleus where it can act as a transcription.taéfor

Despite the growing amount of literature that implicates STAT3 in cancer development
and progression, there atarrentlyno approved therapies thditectly target STAT3> Several
strategies to inhibit k6 inducedpSTAT3 inHNSCC have been evaluatesdith each targeting
specific parts of the signaling cascade. STAT3 decoy oligonucleotides have been developed that
act by binding pSTAT3 in the cytosol and inhibit its function as a transcription fAcmother
strategyis the use of IL6R monoclonal antibodies, which are currently being usedally to
treat rheumatoid arthrit®® Many small molecule inhibitors of pSTAT3 have been identified and
are in various phases of preclinical and clinical developrhéhSome, such as OPRL121,
have clhically demonstrated antitumor activity

One consideration when targeg IL-6 induced pSTAT3 inhibition is specificity. Due to
the structural homology of STAT familmemberqFigure?2), a drug targetingTAT3 should be
selective and not interfere with functions of other STAT members, particularly SWhich

acts a tumor suppressof®
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Figure 2. Structures of STAT family membet5

STAT1 is the singular downstream target of interfeson (-b F N's i .YMeanylof theg
genes it promotes are antagonistic tosthof STATZF® 2° STAT1 provides antproliferative,
pro-apoptotic, and immune system recruitment and in its own right could serve as a therapeutic
target?® *°

STAT1 phosphorylion, similar to STAT3, is accomplished through intracellular JAKs
that are activated by IFN binding to its cognate receptdrDue to the overlap in utilization of
JAKs and the structural homology between STAT1 and STAT3, an ideal small molecule

inhibitor of pPSTAT3 should demonstrate specificity to preserve the tumor suppressive function

of STATL® %39 TargetingIL-6 induced STAT3 activatiomay lead to less offarget effects,
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especially in HNSCC, where elevated levels obllare present in the local tumor environment

and prevent suppression of STAT1 signafifig

1.3 CAMPAIGN TO IDENTIFY AN IL -6 INDUCED STAT3 INHI BITOR

Recenly, a high content screamasdeveloped and validated using HNSCC cell lines to

identify novel small molecule inhibitors of 46 induced pSTAT3? This screen identified 1,068

active hits from a 94,491 compound library. Activeslitom the screenvere confirmed with

pPSTAT3 1G, assays and prioritized using an assay quantifying-dFN i nduc e d pSTA
activation®® Forty-nine compounds met the followingelectioncriteria: reproducibly inhibiting
IL-6-induced pSTAT3 activation by at least 70% at 20 uM; pSTAT3 activatigss IEssthan

25 uM; and at least-®ld selective for pSTAT3 inhibition over pSTAT1 inhibitidhFrom the

forty-nine compounds, a gup of four triazolothiadiazinanaloguegFigure 3), named the 669

series, were chosen fam vivo consideration based on chemical tractability and favorable

silico ADME-Tox attributes’
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Figure 3. Structures for the selected four-BLinduced STATS3 inhibitor analogué®m the 669 series

To identify a lead candidate far vivo examination among the four analogues in the 669

series, a mouse liver microsome incubation was conducted to identify the most metabolically

stable compound of the seridisis common practice to prioritize a lead candidate usingtro

techniques, suchscyp P450 screens, to prioritize for metabolic stability because metabolism

can directly affect toxicity, bioavailability, and cleararite®® To prioritize an analogue by

metabolic stability, a microsoenincubation experiment was used to assess which analogue had

the most parent compound remaining after a 90 min incubatmmp@und oncentrationsvere

monitoredfor this determinatiomsingLC-MS. The prioritizedcompound wa then examineth

vivo by corducting toxicity andpharmacokinetic (PK) studies. Toxicity was assessed in separate

21



single and multiple dose studies to determine acute toxicity as well as establishment of a
maximum tolerable dose (MTD). The PK study examined intravenous (IV) and @@l (P
administration of the compound in solution (1&® | u tH815)fEs well as PO administration

with a 1% carboxymethyl cellulose (CMC) suspension. Compound concentrations were
measured in plasma and tissues using a sensitivRI&M1S assayto determine PKparameters

and bioavailability. Using LEMS, the metabolic fate of the compound was determinedvo

and the biotransformation confirmed by replicating ivitro.
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2.0 MATERIALS AND METHOD S

2.1 CHEMICALS AND SOLVEN TS

Compounds UPCDG10205, UPCDEL0305, 864669, and UPCDQ0540 were
synthesized and provided by the University of Pittsburgh Chemical Diversity CBitteb(rgh,
PA). The internal standartH,-UPCDG10205 (fH7]-3-(3-(4-chlorophenyh1H-pyrazole5-yl)-
6-(4-methoxyphenyb7-methyl7H-[1,2,4]tiazolo[3,4b][1,3,4thiadiazine) was custom
synthesized and purchased from ALSACHIM (lllkirGraffenstaden, France). Water and
acetonitrile (bth HPLC grade), formic acid, monobasic and dibasic KPO4atasDMSO were
obtained through Fisher Scientifi€¢-dirlawn, NJ).Bovine serum albumin (BSA)NADPH,
carboxymethyl cellulosg€suspending agentiyDPGA, MgCh, alamethicin, érmic acid and

S o | u H$® 15kvere purchased from Sigkdrich (St. Louis, MO).
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2.2 SELECTION OF IN VIVO CANDIDATE

2.2.1 Preparation of MouseTissue Homogenates and Hepatic Fractions and Incubation

with STAT3 Inhibitors

Microsomes were prepared and isolated frliwers of heterozygous athymic Nude
FoxnI™/FoxnI female mice as previoushublished®® The microsomal pellet was stored &0
°C until measurement of protein concentration usipgotein assakit from BioRad (Hercules,
CA) with BSA as the standard\bsorbance readings were recorded at 630 nm using an Infinite
M100 Pro plate reader from Tecavgdnnedorf, Switzerland Actual incubation volumes were
adapted from the published method to allow for a 200 pL incubation volume.

The 200 pL incubationcontained0.5 mg/mL microsomal protein, 1,000 ng/mL drug
concentration, 1 uM NADPHO.1 M phosphate buffefpH 7.4)and less than 0.1% acetontrile.
The incubation was terminated with 1.0 mL acetonitrile. Sample times (point of orgastionea
termination) were performed in triplicate at O (acetonitrile added prior to addition of
microsomes), 15, 30, 45, 60 and 90 min. LMP400 (0 and 90 min incubations) was used as a
positive control. Respective internal standard (10 pL of 1.0 pg/mL) béelyPCDCE10540 or
UPCDG10205 was added to samples, followed by briefly vortexing and storag@ &t until

LC-MS analysis.

2.2.2 Microsome Incubation LC-MS

An LC-MS method was developed to simultaneously quantitate the four STAT3 inhibitor

analogues. Two sepate MS methods (using identical IMIS conditions) were utilized.
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Compound UPCD€0540 was used as an internal standard to quantitate compounds 864669,
UPCDG10305 and UPCD@0205 Compound UPCD€10205 was used as an internal standard
to quantitate compawd UPCDGC10540.

The HPLC method consisted of an Agilent 1100 autosampler and Agilent 1100 binary
pump (Agilent Technologies, Palo Alto, CA) using a Synergi HYRIFO80A (4 um patrticle size,
2 mm x 100 mm) column at ambient temperature. Mobile phase sélweas 0.1% formic acid
(v/v) in acetonitrile, and mobile phase solvent B was 0.1% formic abidig water. The initial
mobile phase was composed of 55% solvent A pumped at 0.3 mL/min for 5.0 min, changed to
99% solvent A and was held there for 1.0 mih6.1 min the percentage of solvent A returned
to initial conditions of 55% for 4 min followed by injection of the next sample. Total run time
was 10 min. Retention times were as follows: 3.4 min for 864669n#&hGor UPCDG10205,
4.2 min for UPCDE10305, and 4.9 min for 540 and a representative chromatogr&mgure4.
A Quattro Micro mass spectrome{®aters Corporation, Milford, MAyvas used in positiven
SRM mode (4.0 kV capillary voltage, 40V cone voltage) to momitm391.0 for 864669m/z

409.0 for UPCDE10305,m/z437.0 for UPCDE10205, andn/z416.0 for UPCDE10540.
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Figure 4. Representative chrortegram of a 500 ng/mL calibrator from the IMS assay to quantitate the
selected 669 series analogues for the micresimrubation. Peak A is 86466B is UPCDG10305, C is UPCDE

10205, and D is UPCDQ0540.

2.2.3 Microsome Incubation LC-MS/MS Sample Preparation

Calibrators (30, 100, 300, 500, and 1000 ng/mL) were mad&ibM phosphate buffer
(pH 7.4)that contained 0.5 mg/mBSA to match the protein concentration of the microsomes
incubation samplesA volume of 0.2 mL of the buffer mixture was placed intd.& mL
microcentrifuge tube. An internal standard solution (10 pL of 10 pg/mL) was added to each tube
before being briefly vortexed. A volume of 1.0 mL of acetonitrile was then added and the
samples vortexed for 1 minute. Samples were then centrifugdd0@0lx g for 4 min. The dried
supernatant was resuspended in 100 pL of starting condition mobile phase. The sample injection
volume was 5 pL. A triplicate standard curve was prepared and analyzed for adexmegsed
as biasand precision prior to sgste analysis.
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2.3 TOXICITY STUDIES

2.3.1 Mice

Mice were specific pathogenee, heterozygousoxn1™/FoxnI mice (50, 57 weeks of
age) purchaseftom Envigo (Indianapolis, IN, USA)Mice were allowed to acclimate to the
University of Pittsburgh Animal Facility for at least 1 week before studies were initiated. To
minimize exogenous infection, mice were maintained in microisolator cages and handled in
accordance with the Guide for the Caned Use of Laboratory Animals (National Research
Council, 2011) and on a protocol approved by the University of Pittsburgh IACUC. Ventilation
and airflow in the animal facility was set to 12 changes/h. Room temperature was regulated at 72
+ 4 °F and theaoms were kept on automatic-h2ight/dark cycles. The mice received Prolab
ISOPRO RMH 3000, Irradiated Lab Diet (PMI Nutrition International, Brentwood, MO) and
water ad libitium. Mice were fasted overnight prior to administration of UPQCDZD5. Mice
were stratified based on body weights into time point groups to eliminate statistical differences in

body weight. Mice were euthanizegt CO..

2.3.2 Dosing

The vehiclel0% S o | u tH&15 En sterile water provided the maximum solubilized
concentration of UPCDQ0205at 0.4 mg/mLandwas administered to mice at a voluofed.01
ml/g body weightas was the vehicle (10%o0 | ut ol E i n Migdwene ddseal [Vvadt e r )
mg/kg using this solution for toxicity studies. This formulation was also delivered IV or PO for

the PK study. A second UPCD®@0205 PO formulation was used for the PK study using 30
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mg/kg carboxymethyl cellulose (CMC) suspension. Other formulations could not inthease
maximumsoluble doseDosing was accomplished for IV usitgcc syringes with 27 gge low

dead volume needlesid PQusing 20 gauge*zinch feeding needles and 1 cc syringes

2.3.3 Single Dose Toxicity Study

A single dose of UPCD0205 (at a total dose of 4 mg/kg, 0.01 ml/g body weight) was
administered to both male and female mice (5 per group) IV by lateral tail vein injection along
with mice administered a vehicle control. The 4 mg/kg UPEIDE05 was formlated in water
with 10% S o | u tHS.| After the single dose, mice were observed for a 14 day period to
monitor clinical health, and body weights were recorded twice weekly. After the observation

period, necropsies were performed on the mice to identifys grathologies.

2.3.4 Multiple Dose Toxicity Study

For the multiple dose toxicity study, 5 female mice per treatment group were
administered UPCD@0205 daily (diluted to a total injection volume of 0.01 ml/g body weight)
for 5 days IV by lateral tail vein in adin to mice administered a vehicle control. UPGDC
10205 doses used were the single dose MTD (4 mg/kg), 2/3 the single dose MTD (2.7 mg/kg)
and 1/3 the single dose MTD (1.3 mg/kg). All doses were formulated to havesi®% ut o | E
After the 5 day treatmentnice were observed for a 14 day period where clinical health was
checked daily and body weights were measured twice weekly. After the observation period, mice

were euthanized and necropsies performed on mice to identify gross pathologies.
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24 PHARMACOKINETICS

2.4.1 Mice, Sampling, and Tissue Preparation

For the PK study, 3 female mice per treatment group per time point (5, 15, 30, 60, 120,
240, 360, 1440 min) were administered a single dose of 4.0 mg/kg URGCEES in 10%
S o | u H8 bykither lateral tail vailV injection orPOadministratiorby oral gavage. Control
mice were delivered vehicle and euthanized at 5 and 1440 min. At the appropriate time point,
mice were euthanized through €&sphyxiation and the following tissues collected: blood, liver,
kidney, splen, lung, heart, fat, skeletal muscle, and brain. Blood was collected through cardiac
puncturein EDTA anticoagulate®2 gauge % inch needlgand 3 cc syringg transferredo
eppendorg andcentrifuged at 12,000xg forr@in to separate plasma and reddal@ells (RBCs).
Urine and feces were froitihe 1440 minmice were collected fron0-360 and360-1440 min
group by housing in metabolic cagebissues were weighed antl samples were flash frozen
using liquid nitrogen and stored &0 °C until analysis. Mcropsies were performed on all mice

after euthanasia to identify gross pathologies

2.4.2 Quantitative LC-MS/MS Assay

To support the PK study, a sensitit€-MS/MS assay was developed to quantitate
UPCDG10205. A stabldsotope deuterated’H; -UPCDG10205, was used as the internal
standard. The HPLC method utilized an Agilent 1100 binary pump and 1200 series autosampler
(Santa @ara, CA). Chromatographic separation was achieved using a Phenomenex (Torrance,
CA) Synergi HydreRP 80A column (4 m particle size, 2 mm x 100 mm) at ambient

temperature. Mobile phase solvent A was 0.1% formic aoig (n acetonitrile, and mobile
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phase solvent B was 0.1% formic acuidv) in water. The initial mobile phase was composed of
50% solvent A pumped at Or8L/min for 12.0 min, changed to 95% solvent A and was held
constant for 4.0 min. At 16.1 min the percentage of solvent A returned to initial conditions of
50% and allowed to equilibrate for 2 min followed by an injection of the next sample. Total run
time was 18 min. The retention times were 9.6 and 9.4 min for URCIXD5 and®H; -
UPCDG10205,respectively Figure 5). The minor difference in RT can bétrébuted to the 7

deuteriums on the internal standard which can cause slight differences interactions with the

stationary phase on the column.
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Figure 5. Chromatogram from the quéitative LC-MS assay developed for the PK stu@hown is an
LLQ sample (1 ng/mL) of UPCD@O0205, the internal standard (500 count offset) and an overlaid TIC

chromatogram of a blank plasma sample (offset 1000 counts).

A Waters Quattro Micro mass spectrometer (Milford, Massachusetts) was used in

positive-ion MRM mode (4.5 kV capillary voltage, 30 V cone voltage, 450 °C desolvation
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temp.) to monitorm/z 437.0>304 for UPCDE0205 andm/z 444.0>304.0 for the internal

standard. The postulated fragmentation pattern to obtain these transitions isFsgerei

-CoH-NOR +H*
304.0 -—=&-< 437.0
Cl
N
/
\
NH
X
(@]

N\/ N~ &

Figure 6. Postulated UPCD{0205 fragmentation pattern. Positive ionization monitored the paveiaf

437.0 and the product ion of 30410z.

The alibration curvehad a range of to 1000 ng/mL (1, 3, 10, 30, 100, 300, 500, 1000
ng/mL) and were prepared fresh é¢ontrol mouse plasma obtained from Lampire Biological
Labs Inc. (Ottsville, PA). Calibrators were prepared from serial dilutions of URPTI205 in
DMSO from a 1.0 mg/mL UPCDQ0205 stock solution that was stored-&)° C. Quality
controls (QCs) were prapedin bulk using mouse plasna three concentrations (2.5, 30, 800
ng/mL) and aliquoted to 100 pL and stored&Q °C until days of sample analysis. Two QCs at

each level were analyzed alongside each study sample batch.
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Assayperformance andtabilitywas evaluated as well. The effect of 3 freeze/thaw cycles
on analyte concentrations in plasma was evaluated by assaying mid QCs after they had been
frozen €80 °C) and thawed on 3 separate days and comparing the results with thosevefaéhat
notfrozen.The stabilities of UPCD€.0205 in plasma during sample preparation were evaluated
by assaying mid QCs before and after 4 h of incubation at room temperature.

The validity of the assay in tissue homogenate was also tested by spiking untreated
kidney andliver homogenate at the mid QC level and comparing it against a calibration curve

prepared in mouse plasma.

2.4.3 AssaySample Preparation

The sample volume was 100 pL of plasma or tissue homogenate. All samples were
spiked with 10 OL*HUPCDO10205 isteralnstandard. Extralctien and
protein precipitation were accomplished using 500 pL of acetonitrile added to each sample.
Samples were vortexed using a using a Vortex Genie 2 (Scientific Industries, Bohemia, NY) and
centifuged using an Eppendo5415C microcentrifuge (Westbury, NY). Supernatants were
transferred tdoorosilicateglass tubes and placed in an evaporation apparatus (Multivap Nitrogen
Evaporator, Organomation Associates, Berlin, MA) set at 37 °C and evaporated under a gentle
streamof nitrogen (Valley National Gases, Inc., Pittsburgh, PA). Tissues were homogenized

with 3 parts PBSWg) and values were corrected for dilution after analysis.

2.4.4 Pharmacokinetic Analysis

Samples from each mouse were analyzed using the quantitatiSIKAS assay. The

values quantitated for each of the three mice per time point were averaged to obtain a mean that
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served as the representative value for that time point. PK parar@®ties., AUCop, T1/2, V4,
and V.9 were derived through necompartmental alysis using PK Solutions (Summit PK,

Montrose, CO)

2.4.5 Protein Binding

To assess the levelf plasma protein binding of UPCD®0205, a rapid equilibrium
dialysis (RED) method (Thermo Scientific, Pittsburgh, PA) was used. Control mouse plasma was
spiked at 1,00 ng/mLusing a stock prepared in DMS0Organic < 0.1%)Four replicates of 200
pL from the spiked 1000 ng/mL plasma were placed into the RED insert placed within a Teflon
plate and 350 pL of PBS (pH 7.2) was aliquoted indppositeside of the isert.The plate was
placed on a&hakerin an incubator at 37 °C for 4 hours. After this time, both saline and plasma
portions were isolated and stored&® °C until analysis. Quantitation was achieved by creating
standard curve in matrix of 1:1 PBS:plasmand prepared andnalyzedusing the quantitation
LC-MS/MS assay4.4.2and2.4.3. Samples were diluted with either PBS or plasma to match

the calibrator matrix.

2.5 METABOLISM

2.5.1 Metabolite Profiling

To identify metabolites of UPCDQ0205, a series of L®S/MS methods were

devdoped and utilized. Both plasma (IV 30 min 4 mg/kg) and urine (& &r 4 mg/kg)from
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mice used in the PK studyere separately evaluated and compared to their respective vehicle
controls to identify unique traces in treated mouse samples. &miagces wre confirmed using
a selected reaction monitoringgRM) method that monitors specified ionsUnique trace
potential metabolites were postulated by comparing the umga&ace to the parent UPCBC

10205m/z(437).

2.5.2 Qualitative Metabolite Profiling LC -MS/M S assays

Sample preparation was identica the quantification methodsee 2.2.3. The LC
method was extended compared to the quantitative method to a run feniriutes and used
a gradient to spread out eluates using a Phenomenex Luna-pe&glycolumn(3u, 100X2.0
mm). Mobile phase conditions for mobile phase A (acetonitrile with 0.1% formic acid) increased
from the initial 5% to 55% at 0.3 mL/min for 60 miThis composition was thdmeldat 55% for
5 minutes then increased to 80% and held for 5 additional minutes until returning to initial
conditions for equilibration during the final 5 minutes.

To first identify metabolites, five sequential full mass (M8ans were conducted using
methods split into 10@n/zranges to obtain a total scan range of-800 m/z MS parameters
were identical to the quantification method, with the exception of collision voltage and collision
gas being turned off.

Chromatograplui peaks detected in urine or plasma were analyzed for riieitrace
composition. Thesen/z values were then used in an SRM MS method and the samples
reanalyzed. To gain structural information, product ion scans (PIS) were used to identify
potential area®f metabolic alterations. Five PIS were conducted simultaneously using unique

collision voltages (10, 20, 30, 40, and 50) to get a variety of fragmentation products. Fragments
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obtained through the PIS were compared to parent UROI205 fragmentation tolwecidate
metabolite structures using ChemDraw (PerkinElmer, Waltham, MS).

The natural abundance of the stable isotope ef8@rine ¢’Cl) is approximately 25%,
and this was employed to fingerprint UPC2G205metabolitesUnique chromatographic peaks
with m/ztraces andn/z+2 were considered derived from UPCDG205. Additionally, during
the PIS, product ions were analyzed to deduce structure and by analyzing potential fragmentation
patterns to achieve a postulated melitd. The presence of an overlapping m2ztrace on a

product ion can yield information on the position of metabolic alterations.

2.5.3 In Vitro Metabolism

Microsomes were prepared and isolated fimeterozygoug-oxn1"/FoxnI femalemice
as described previoys(2.2.1). The microsomal pellet was stored-&® °C until measurement of
protein concentration using the Biorad assay using BSA as a standard. The incubation for
glucuronide metabolism was adapted from a previously published method to allow for a 1,000
L incubation volumé’ The incubation mixture containé@il M phosphate buffer (pH 7.4),
0.25 mg/mL microsomal protein concentration, 25 pg/mL alamethicin, 50 mVHEIs10 mM
MgCl,, and a 1,000 ng/mL drug concentration. The reaction was catalyzed with the addition of 5
UM UPDGA. At 0, 15, 30, 45, and 60 mitas, 100 pL aliquots were sampled from the reaction
mixture and 500 pL of acetonitrile added to terminateréaetion. 10 puL of 1.0 pg/mL internal
standard {H; -UPCDG10205)was added to each sample. Samples were processed as described
previously. Sampke were analyzed twice along with a standard curve producetiasphate
buffer matrix (pH 7.4) with0.25 mg/mL BSA. The first analysis used the qualitative SRM LC
MS assay to monitor a 6161/z (437+176) glucuronide channel and the second used the
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guantitative MRM LC-MS assay to quantitate UPCEXD205 substrate depletion. An incubation

mixture without UPDGA cofactor was used as a negative control.
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3.0 RESULTS

3.1 SELECTION OF IN VIVO LEAD CANDIDATE

3.1.1 LC-MS Assay

The regression was weighted 4.And fit quadraticallyFigures ofa triplicate standard
curve andthe respective R coefficient can be seen iRigure 7. A triplicate standard curve
prepared prior to sample analysis revealed all four analytes were quantitated accurately (94.0
109.5%) and precisely (CV<10.1%/ablel). The ratio of analyte area to internal standard area
was used to back calculate the concentration based off of standard curves. Quantitation using
linear regression proved successful in both SRM and MRM modé&xauses of nofinearity
cannot be attributable to internal standard as levels remained constant during analysis.
Differences of analyte ionization at varying concentrations are most likely the cauleeaon
analyteto internal standard regressidfitting the regression quadraticafiy the data best and

allowedfor acceptabldit.
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Figure 7. Triplicate standard resultguadratic regression curv¥=A+B*X+C*X %) and R2 coefficients.

(A) 864669 had an Fof 0.994, B) UPCDG10205had an R of 0.988,(C) UPCDG10305had an Rof 0.995( ) ,

and(D) UPCDG10540had an Rof 0.993
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Table 1. Assay performance data of the calibration samples for STAT3 inhibitors in hpdtedpuffer with

0.5 mg/mL BSA

Conc. Bias Precision
Analyte

(ng/mL) (%) (%)

UPCDG10205 30 1.0 9.4
100 -9.5 3.7

300 2.9 0.9

500 6.0 2.5

1000 -6.4 1.6

UPCDG10305 30 -1.0 7.8
100 0.0 1.1

300 1.3 1.1

500 2.7 2.8

1000 0.6 5.1

864669 30 -1.4 4.8
100 4.0 0.1

300 1.0 2.4

500 -3.3 7.3

1000 -3.9 2.0

UPCDG10540 30 -1.3 4.0
100 3.2 10.1

300 -3.8 5.5

500 -3.5 7.8

1000 0.4 9.5

N=3; from a single triplicate results

3.1.2 Substrate Depletion

All sample concentrations fell within the standard calibration curve r&a®entration

values wereexpressed as a % of the average starting concentration (Geanip Figure8.
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UPCDG10205 had the largest proportion of the starting amount remaining after the 90

minute incubation with 78.6% remained after 90 minutes compared to 14.1% for 864669, 12.3%
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for UPCDG10305 and 32.9% for UPCDD0540. UPCDG10205was prioritized forin vivo

experimentatiobased on this metabolic stability.

3.2 TOXICITY STUDIES

3.2.1 SingleDose Toxicity Study

After administation of the maximum solublgose of UPCDEL0205 at 4 mg/kg in 10%
SolutoE HS (0.4 mg/mL at a volume of 0. Oand ml /g
similar to vehicle dosed control mice. Clinical observations of the male and female mice
indicated mice were healthy for the following 14 day observation period. All micedyamight
during the observation period with no apparent weight loss measured within the first 24 h after
injection Figure9). Upon necropsy, no grogmthology was detected in any of the mice. One
male had bite marks and local irritation tre skin between the scapulae where he had been
bitten. The testes in this mouse were also smaller by about 30% compared to his cage mates and
his spleen weight waslightly elevated, most likely due to infectioAll other male mice
appeared normalhe administrable maximum soluldeseat 4 mg/kgwas determined to be the

maximum tolerable dose (MTD).
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Figure 9. Single dose toxicity studsesults of average mouse body weights (N=3) before and following a

single IV injection ofUPCDG10205 at 4 mg/kgerror bars represent +1 SD.

3.2.2 Multiple Dose Toxicity Study

Because there were no obvious differences between sexes in both clinical observations
and body weights between vehicle treated and UPCOZD5 treated mice, only female Foxn
nu/+ mice N=20) were used for the multiple dose toxicity study. Groups of mice were dosed IV
daily for five days (QDx5) with vehicle, 4 mg/kg, 2.7 mg/kg (2/3 singleedMTD), and 1.3
mg/kg (1/3 single dose MTD). No signs or symptoms of toxicity were detected during the five
daytreatment period or the 14 day observation period. All mice gained weight during the study
and weights between treatment groups showed nistgtak differences to the vehicle control

group Figure 10). The mice remained healthy and there we no signs of gross pathology upon
necropsy.
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female mice. Error bars represesit SD.
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3.3 PHARMACOKINETICS

3.3.1 Quantitative LC-MS/MS Assay

The regression was weighted A4nd fit linearly(Y=A+B*X , Y=0.124+0.074*X with
and R coefficient of 0.998(Figure 11). A triplicate standard curve prepared prior to sample
analysis revealed UPCDT0205 was quantitated accurately (98308.1%) and precisely (CV<
8.3%), sedrable2. The ratio ofanalyte area to internal standard area was used to back calculate

the concentration based off of a standard curve.
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Figure 11. Triplicate standard curve results from the quantitativeM®MS assay for UPCDQ0205

showingcalibratorg( 1 ) , "HRadd lindar 1/fweighted regression curg¥=0.124+0.074*X.
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Table 2. Assay performance data of the calibwatsamples of UPCDQ0205 in mouse plasma.

Conc. Bias Precision
(ng/mL)| (%) (%)
1 -5.4 8.0
3 6.3 8.3
10 -3.0 0.8
30 5.0 3.7
100 -8.1 3.7
300 -2.9 4.2
500 0.4 3.4
1000 1.8 3.7

N=3; from a triplicate calibration cury@epared in mouse plasma

Therecovery of UPCDEL0205 at the QCM was 46.2%, with a CV of 8.0%.-smuppression at

the QCM was 8.2 with a CV of @6 (Table3). The stabilityin plasna after 3 freeze thaw cycles

(-80 °C to RT) at th&€CM level was 111.5%. The stability in plasma after 4 hours at Rieat t

QCM level was 100.8% T@able 4). Recovery ofthe analytes in kidney and liver tissue

homogenateanalyzed against a plasma calibration curve ranged froni 9881% with CVs

ranging from 2.3 7.4% (

Tableb).
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Table 3. Recovery of UPCD€10205 from mouse plasma and respective ion suppressions in mouse plasma

extract, with coefficients of variation (CV).

N=4

Concentration | Recowery | CV | lon suppressio CV
(ng/mL) (%) (%) (%) (%)
QCM 30 46.2 8.0 8.19 6.6
Table 4. Stability of UPCDCG10205 under varying conditions.
Storage condition Concentration| Stability | CV
(ng/mL) (%) (%)
F-T Cycle (3x) | QCM 30 101.3 11.6
Bench (RT)4h | QCM 30 100.8 9.6

Table 5. Recovery of UPCD€.0205 from mouse liver and kidney homogenates.

Tissue Concentration Recovery CV
(ng/mL) (%) (%)

Liver QCL 2.5 99.9 5.5
QCM 30 102.7 4.0

QCH 800 105.1 4.0

Kidney | QCL 2.5 102.1 7.4
QCM 30 98.8 4.9

QCH 800 100.4 2.3

3.3.2 Pharmacokinetics

All PK parameters were analyzed using mean concentrations (N=3) of the three

designated mice per time point. AgGcomparisons between administration forms are provided

in Table 6 and Gnaxand Thaxcomparisons imable7. UPCDG10205 levels in pooled urine from

the IV 4 mg/kg mice represented 0.001{3# ng/mL)of the total amount administered foi60

h collection and 0.00109d.6 ng/mL)for 6-24 h collectim. Levels in pooled urine from the PO
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4 mg/kg mice represented 0.007742 ng/mL)of the total dose between®h. Quantitation of
UPCDG10205 in the &4 h as well as all urine samples from the PO 30 mg/kg in 1% CMC had

concentrations below the LLQ.

Table 6. UPCDG 10205 AUG, (ng-mL-1-h) in tissues as a measure of exposure

mg/kg Plasma F Liver Kidney Lung RBC Muscle Brain

Y 4 1021 100 1472 3240 2681 556 1634 1731
3 PO 4 521 51 300 428 630 235 914 300
o

CMC 30 257 03 542 272 186 - 140 33.4

UPCDG10205 AUC,; calculated nortompartmentallyF represents the fraction bf plasma AUG, to

PO plasma AUg; normalized to dose anduttiplied by 100.

Table 7. Cmax and Tmax of UPCD{0205in administered mice.

mg/kg Plasm: Liver KidneyLung RBC MuscleBrain

Cmax 1708 2779 4621 4494 980 1900 1643

v 4
Observe! 408 0.08 0.08 0.080.08 0.25 0.25
Tmax
Crax 350 220 308 414 16.0 512 15.4
PO
Observe 05 0.08 05 008 05 10 1.0
Tmax
Crax 6.7 564 404 331 - 189 49.0
CMC 30
Observe: 1.0 0.08 0.08 008 - 008 008
Tmax

Crax@nd T Were derived from averages (N=3).
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IV 4 mg/kg Pharmacokinetics

The observedplasma Gax for IV administeredJPCDG10205 was 1,707 ng/mL (455

ng/mL) andoccurred 5 minutes after injection. Plasma UPCID205 levels were below the

lower limit of quantitation I(LQ) by the 6 h time point. Then vivo profile appears biphasic

indicating two compartment?K parameters are listed ifable 8 and pasma, liver, lung,

kidney, brain, skeletal muscle and red blood ¢ellies can be viewed Figure12. The halflife

in plasma was calculated neompartmentally to be 0.6 hours and the AW® be 1021

ngA

h/ ml

Table 8. PK of IV UPCDG10205 4 mg/kg dosed mice.

Crox | Oo) Tip | AUCo: | AUCos | O Vo | Ve

ng/mL h h ng/mL*hr | ng/mL*hr | mL/hr/kg | mL/kg mL/kg

Plasma 1708 0.08 0.6 1022 1022 3913 3378 2038
% AUC

Tissue/Plasma
= Liver 2779 0.08 1.3 1472 1484 2695 145
GEJ Kidney 4621 0.08 0.7 3240 3245 1232 318
= Lung 4494 0.08 0.6 2682 2683 1491 262
g RBC 980 0.08 0.7 556.3 560 7141 55
8 Muscle 1900 0.25 0.5 1634 1635 2447 160
Brain 1643 0.25 1.1 1731 1746 2291 171

Results were analyzed naompartmentally using composite concentration values of mice plasma or

tissues (N=3). 7, AUCy, AUC 4p, Cl, V4and Viswere obtained through nesompartmental analysis.
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Figure 12. Concentration vs time results following IV administratiatd mg/kg UPCDE10205. Points

represent the mean of the mice (N=3) and error bars represent +1 SD. A) linear and B) logarithmic y axis.
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PO 4 mg/kg Pharmacokinetics
The Gnax for orally administered UPCD€0205 at 4 mg/kg was 35.0 ng/mL and
occurred at 0.5ours after administration. Plasma UPGD@205 concentrations were below the
LLQ after the 2 h time point. Thia vivo profile appearsriphasicindicating two compartments
with an absorption phaseK parameters are list&al Table9 and the fasma, liver, lung, kidney,
brain, skeletal muscle and red blood cell values can be viewEdjume 13. The half-life was
calculated norcompartmentally to be 0.60 handthe AlJC o be 52. 1 ngAh/ ml . 1
percent bioavailability, the following equation was used:

o 08 0t Q
5Y6 ©Oeiq PMT

Equation 1. Equation for percerttioavailability.

The resulting orgbercentbioavailability for UPCDE10205 was determined to be 5.2%.

Table 9. PK of PO UPCDG10205 4 mg/kg dosed mice.

Coox | o) Tz | AUCo: | AUCos | O Vo | Ve

ng/mL h h ng/mL*hr | ng/mL*hr | mL/hr/kg | mL/kg | mL/kg

Plasma 35.0 0.5 0.8 52 53.4 74858 | 88511 | 79810
% AUC

Tissue/Plasma
= Liver 220 0.08 0.9 300 301 13287 563
GEJ Kidney 308 0.50 1.2 428 435 9191 815
= Lung 414 0.08 0.4 629 630 6345 1180
g RBC 16 0.50 0.3 24 24 168859 44
S | Muscle 51 1.00 0.5 91 92 43503 172
Brain 15 1.00 0.4 29 31 131140 57

Results were analyzed n@ompartmentally using compositncentration values of mice plasma or

tissues (N=3). T, AUCq, AUC op, Cl, V4and Vsswere obtained through narompartmental analysis.
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Carboxymethyl Cellulose PO 30 mg/kd®harmacokinetics

The Gnax for PO administered UPCDC0205 at 8 mg/kg CMC suspension was 6.7

ng/mL and occurred at 1.0 h after administration. The-llialfvas 3.4 hand calculated nen

compartmentally to be 3.4 h and the ALJGQo be 25.7 ng-ml-hr. Dissolution from the

suspension appeared to be the rate limitteg $or absorptionPK parameters are listed Trable

10and pasma, liver, lung, kidney, brain, and skeletal muscle values can be vieWgpiia14.

UsingEquationl, the percent bioavailabilitwas 0.3%.

Table 10. PK of PO UPCD€10205 30 mg/kg in 1% CMC dosed mice.

Crox | Ood Tip | AUCo: | AUCos | O Vo | Vs
ng/mL h h ng/mL*hr | ng/mL*hr | mL/hr/kg | mL/kg | mL/kg
Plasma 6.7 1.00 3.4 26 38 104699 | 507504 | 552212
% AUC
Tissue/Plasma
% Liver 564 0.08 1.2 542 557 10462 1458
£ | Kidney 404 0.08 4.2 272 385 10403 1006
§ Lung 331 0.08 3.6 185 238 16819 623
g Muscle 189 0.08 1.7 140 149 26897 389
O | Brain 49 0.08 0.9 33 35 113948

Results were analyzed naompartmentally using compositencentration values of mice plasma or tissues (N=3).

Tz, AUCqy, AUC op, Cl, V4and V;swere obtained through nesompartmental analysis.
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Figure 14. Concentration vs time results following PO administrat®B80 mg/kg UPCDE10205 in 1%

CMC. Points represent the mean of the mice (N=3) and error bars represent 1 SD. A) linear and B) logarithmic y

axis.

53



3.3.2.1Protein Binding

The average from the 4 replicates in the plasma portion of the RED device was 1,282
ng/mL andthe value detected in the saline buffer portion was below the 1 ng/mL LLQ of the LC
MS/MS assay. Although below the LLQ, using the back calculated concentration of the PBS
concentration yielded an average value ofifignL (Table11). The ratio of salinéo plasma
components multipliedby 100 yielded plasma protein binding amount of 99.98%. Defining the

PBS samples as th4.Q (1 ng/mL) shows that plasma protein binding is >99.92%

Table 11. RED analysis of UPCD@0205 plasma protein binding

Plasma PBS
1 1260.0 1 0.24
2 1242.2 2 0.23
3 1288.9 3 0.23
4 1336.2 4 0.24
Mean 1281.8 | Mean | 0.23
(1-([PBS]/[Plasma))*100= | 99.98

LC-MS/MS analysis of RED protein binding experiment of UPCIB205 (n=4) after a four hour

incubation at 37°C.
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3.4 METABOLISM

3.4.1 Results

3.4.1.1In vivo Metabolite Profiling

Unbiased MS scans of urine-§0hour pooled) and plasma (30 min 4 mg/kg 1V) produced
multiple peaks within a range of 400 to 960z as seen inFigure 15A and Figure 16A,
respectively A single unique peak at a retention time of 43.6 min was found in treated mouse
urine and plasma compared to vehicttrol samplesn both the 406600 and 60700 MS
scans (Figure 15B and Figure 16B). MS scans from the 60D00 m/z range showed the
underlying spectra composition of the 43.6 min peak irewaimd plasma identified tha/ztraces
of 613 and615 (Figure 17). 612 is the postulated molecular weight of a direct glucuronide
conjugate of UPCD€0205 (436 + 176 = 612). The presence of a smaller (1/3rd)/zRace of
615 at the same RT confirm the presence of chlorine to fingerprint the glucuronide conjugate due
to the natural isotopic abundance’@@|.

Traces of 437 and 439 were also sgearine and plasmat the same RT from the 400
500 MS scar{Figure18). 437 and 439n/ztraces at the 43.6 min peak are most likely due-+o in
source fragmentation, where the glucuronide is cleaved from UPQDZD5 conjugated
glucuronide after chromatographic separation. Assay setup showed UPTIDE to have an
RT of 52.0 min andhis was observedt this RTin the 406500 MS scan in plasma but notnei

(Figurel9).
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Figure 15. Urine metabolite scan using five combined MS scans-8@im/z) for IV treated 4ng/kg
UPCDG10205 and vehicle control mouse urine (poolef Ir) showingA) combined scans and B) the-80 min

region of the 60700 MS scan and a unique peak within treated mouse urine indicating a metabolite.
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Figure 16. Plasma metabolite scan using five combined MS scans9@00n/z) for IV treated 4 mg/kg
UPCDG10205 and vehicle control mouse plasma (30 rtonyhowA) combined scans and B) the-80 min

region of the 60/00 MS scan and a unique peak witheated mousplasmaindicating a metabolite.
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Figure 17. Spectra of the unique the 43.6 min peak from the BIDMS Scan of IV treated 4 mg/kg in A)

urine (pooled &h) and B) plasma (30 min) along with thesspective controls.
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Figure 18. Spectra of the unique the 43.6 min peak from theBMDMS Scan of IV treated 4 mg/kg in A)

urine (pooled &h) and B) plasma (30 min) along with their respective controls.
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