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Abstract

PROTACs molecules represent a new approach to candidate drug design that can overcome the drug resistance
experienced by many small molecule therapies and increase access to previously undruggable proteins, whilst
reducing the manufacturing costs, scale-up issues, shelf-life, stability, and storage issues associated with protein
biotherapeutics. The accurate quantification of these PROTACs molecules in blood derived fluids is critical to
support discovery and development DMPK packages. A rapid (4-minute) LC-MS/MS bioanalytical assay for the
quantification of PROTACs-3-gefitinib and gefitinib in rat plasma was developed. The limit of detection (LOD)
was determined to be 20 pg/mL for gefitinio PROTACs-3 from 10 pL sample, with a linear dynamic range of 20
pg/mL-1,000 ng/mL. The assay was subjected to a 3-day validation with CV of 5% at the LOD.
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Introduction

Proteolysis Targeting Chimeras (PROTACs) are a new class of drug molecules which work by mobilizing the
ubiquitin-proteasome system to achieve proteasome-mediated degradation of the target protein via the cell
machinery. PROTACSs consist of three main components i) target binding moiety, ii) linker, and iii) ubiquitin E3
ligase binding moiety, Figure 1. These heterobifunctional molecules function via the binding of the target moiety
to the protein of interest (POI) while E3 ubiquitin ligase is simultaneously bound by the other end of the
PROTACs molecule. Binding of the POl and the ligase causes ubiquitination of the POl which is then degraded
by the cellular ubiquitin-proteosome system, during which the PROTACs molecule is regenerated. These
PROTACSs can be considered “large small molecules” and as such share many of the attributes of small
molecules, such as synthesis scale up, cost of manufacture, shelf life, stability, and route of administration.
PROTACSs eliminate all functions of the target protein via degradation, hence providing differentiated
pharmacology, and do not require target binding moieties that inhibit protein function. They also significantly

increase the number of “druggable” proteins, opening up the possibility for new safer medicines.?
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Figure 1. PROTACs catalysed protein degradation.
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Gefitinib is a tyrosine kinase inhibitor for the treatment of non-small cell lung cancer, it is a potent epidermal
growth factor receptor (EGFR) inhibitor which operates by interrupting cell signalling.® The pharmacokinetics
and in vivo metabolism of gefitinib in the rat and mouse have been previously reported and showed that the
compound was well absorbed with peak concentrations occurring at 1 hour, with an estimated oral bioavailability
of 50-60%, and a half-life of 3.8 hours (2.6 hours for the IV route).>* Previous publications have demonstrated
that PROTACs molecules have a long half-life (11-15 hours) with measurable concentrations 48 hours post dose.
To facilitate the determination of the pharmacokinetics of gefitinib based PROTACs-3 a high sensitivity
bioanalytical method was developed for the simultaneous determination of gefitinib and gefitinib based

PROTACSs-3 in rat plasma over the concentration range of 20 pg/mL to 1000 ng/mL.

Experimental

Sample Description

Calibration lines were prepared by the dilution of authentic standard of gefitinib and gefitinib based PROTACs-3,
Figure 2, in control Wistar rat plasma over the range of 10 pg/mL to 1,000 ng/mL. The methodology was
developed and validated in accordance with the FDA Bioanalytical Method Validation Guidance for Industry, May
2018.5 As such the volume of organic solvent from the authentic standard spiking solution was kept below 5%
(v/v). Quality control samples (QCs) were prepared in a similar manner from a separate weighing of authentic
standards. The plasma samples were prepared by mixing 20 yL plasma with 60 yL acetonitrile containing
gefitinib-d6 as the internal standard at a concentration of 50 ng/mL in a 1.5 mL microcentrifuge tubes. The
solution was vortex mixed and stored at -20 °C for 1 hour, the sample was then vortex mixed again before
centrifugation at 25,000 g for 5 minutes at 4 °C. The resulting sample was transferred to an autosampler vial for
analysis. Back calculated standard and QC concentrations were estimated by internal standard quantification

using linear regression with a 1/x weighing.
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Figure 2. PROTACs-3 Gefitinib (Gefitinib component in dotted line section)
and Gefitinib.

Method Conditions

Plasma extracts (2 uL) were analysed using an ACQUITY™ UPLC™ I-Class System connected to a Xevo™ TQ-XS
tandem quadrupole mass spectrometer (Waters Corp., Wilmslow, UK). See Tables below for chromatographic,

mass spectrometry condition, and informatics employed in this study.

LC Conditions

LC system: ACQUITY UPLC I-Class

Vials: TruView LCMS Certified Clear Glass Screw Neck
Total Recovery Vial p/n: 186005669CV

Column(s): ACQUITY HSS T3™ Cqg 21x 50 mm 1.7 pm Column
p/n: 186009467

Column temperature: 60 °C
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Sample temperature:

Injection volume:

Flow rate:

Mobile phase A:

Mobile phase B:

Gradient:

Gradient Table

10°C

2L

600 pL/min

0.1% FA (v/v) in 1mM agqueous ammonium formate

0.1% FA (v/v) in ACN containing 1 mM aqueous

ammonium formate

See below

Flow
‘ (mL/min) ‘ i ‘
0 0.6 95 6
0.2 0.6 95 6
0.6 95 6
0.6 95 6
4.1 0.6 95 5 6

MS Conditions

MS system:

lonization mode:

MRM transitions:

Gefitinib based PROTACs-3:

Xevo TQ-XS Triple Quadrupole Mass Spectrometry

positive electrospray ionisation (ESI+)

m/z=934.33 > 617.34 (CV=60 V, CE=34 eV)
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Gefitinib: m/z=447.25 > 128.20 (CV=36 V, CE=30 eV)
Gefitinib-d6: m/z=45316 > 134.2 (CV=50V, CE=48 eV)

Capillary voltage: 2 kv

Data Management

Acquisition software: MassLynx™V 4.2

Processing software: TargetLynx™ XS

Results and Discussion

The bioanalytical method was developed for the simultaneous quantification of Gefitinib (C,,H,4CIFN4O3) and
Gefitinib based PROTACs-3 (C47H57,CIFN,OgS). The chromatographic separation was optimised to allow for the
detection of the dosed compounds and the metabolites of gefitinib and gefitinib based PROTACs-3. The

calibration range was evaluated from 10 pg/mL to 1,000 ng/mL in rat plasma.

Mass Spectrometry

The mass spectrometry MRM method parameters for each analyte were evaluated using the MassLynx
Intellistart™ software. A 100 nL/mL solution of each analyte (50:50 acetonitrile : water, 0.1% formic acid) was
infused, separately, at a flow rate of 10 pL/min (using the on board fluidics of the mass spectrometer). The
precursor, productions, cone voltage, and collision energy were evaluated in both ESI+ and ESI- modes. All three
analytes gave the strongest response in ESI+ mode, an example of IntelliStart optimisation report for the gefitinib
based PROTACs-3 analyte is given below in Figure 3. The results show that the analyte gave rise to a protonated
precursor ion with a mass to charge ratio of m/z=934.33, and major fragment ions were detected at m/z=617.34
and 182.06. The cone voltage profile for both analytes was fairly flat optimizing at 88 V for the m/z=617.34 ion, the
optimal collision energies were determined to be 34 and 58 eV respectively. The transition m/z=934.17-617.34

was selected for quantification of gefitinib based PROTACs-3 due to its more intense response, gefitinib was
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monitored using the transitions m/z=447.25-128.20 (CV=36 V and CE=30 eV) and gefitinib-d6 was monitored
using the transitions m/z=453.29 to 134.25 (CV=50 V and CE=48 eV). The mass spectrometry acquisition
conditions for gefitinib previously reported by Molly et-al., using tandem quadrupole mass spectrometer were

employed in the acquisition of the gefitinib concentrations and are listed above in the methodology section.

Gefitinib - Protacs-3
(C47HSTCIFN708S)

Transition 1: ES+, mz 93433 > 617.34
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Figure 3. Intellistart Positive ion ESI MRM optimization of Gefitinib based PROTACs-3.

Chromatography

Previous investigation into the in vivo metabolism of gefitinib identified several polar metabolites which required
the use of a reversed - phase gradient starting at a low organic composition to prevent co-elution with gefitinib.
34 Gefitinib based PROTACs-3, however required a high organic concentration in the mobile phase to effect
elution. Thus, the chromatography was optimized for the separation of gefitinib, gefitinib based PROTACs-3 and
any potential biotransformation’s. The final conditions employed a ACQUITY UPLC HSS T3 Column operated at
temperature 60 °C with a gradient of 5-95% acetonitrile - aqueous gradient over 2 minutes with a 2 minute hold
at 95% acetonitrile, before returning to the initial conditions at 4.1 minutes, using a flow rate of 600 pyL/min.
Under these conditions gefitinib and gefitinib based PROTACs-3 eluted with retention times of tg=1.40 and 1.86

min respectively. Figure 4.
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Figure 4. Positive ion LC-MS/MS analysis of gefitinib based PROTACs-3, gefitinib-d6 and gefitinib
using a 2.1 x 50 mm ACQUITY HSS T3 1.7 um C;g Column, maintained at 60 °C and eluted with a
5-95% aqueous - acetonitrile T mM ammonium formate, 0.1% formic acid gradient over 2 minutes

with a 2 minute hold.

Sample Preparation

The plasma samples were prepared by protein precipitation using 1:3 ratio of sample (20 pL) to organic solvent,

as detailed above.

Calibration Range

The lower limit of detection (LLoD) and usable linear dynamic range of the gefitinib based PROTACs-3 method
was evaluated over the range of 10 pg/mL to 1,000 ng/mL. The limit of detection in rat plasma was determined to
be 20 pg/mL (2.5 fg on column), a representative chromatogram is given in Figure 5. The calibration line was
determined to be linear over approximately 5 orders of magnitude (20 pg/mL-1,000 ng/mL) using internal
standard quantification and 1/x weighting. A representative calibration line is presented in Figure 6, the

correlation coefficient was determined to be r?=0.998, with a negative intercept of -152.165.
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Figure 5. Positive ion LC-MS/MS analysis of gefitinib based PROTACs-3 20 pg/mL standard using a
2.1x50 mm ACQUITY HSS T3 1.7 um C;g Column, maintained at 60 °C and eluted with a 5-95%
aqueous - acetonitrile 1 mM ammonium formate, 0.1% formic acid gradient over 2 minutes with a 2

minute hold.
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Figure 6. Gefitinib based PROTACs-3 calibration line from 20 pg/mL to 1000 ng/mL.

The limit of detection for gefitinib was determined to be 0.05 ng/mL, with a correlation coefficient of 0.997, a

typical calibration line and LOQ standard for gefitinib in rat plasma extract are given in Figure 7.
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Figure 7. Gefitinib calibration line from 0.5 to 1000 ng/mL and LOQ standard (0.5 ng/mL).
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3-Day Validation

Previous studies have shown that gefitinib is well absorbed following PO administration (mouse and rat) with
peak plasma concentration being observed at the 1-h time point, with maximum concentration values of 7 pg/mL
were obtained for 50 mg/kg dose to the mouse.* Plasma concentrations rapidly decline with a half-life 3.8-h with
virtually no drug being detectable after 24-h post dose. Thus, for a typical pre-clinical safety assessment study
where dose levels typically vary from 1-10 mg/kg an analytical concentration range of 0.5-1000 ng/mL was
selected for validation, the bioanalytical method for both gefitinib and gefitinib based PROTACs-3 was subject to
a 3 day validation. Samples were analysed in three batches over three days in the following order; solvent blank;
blank; calibration curve (0, 0.5, 1, 2, 5, 10, 20, 50, 100, 500, and 1000 ng/mL); matrix blank; QCs (3, 75, 800 ng/mL)
samples; blank; extracted plasma samples; QCs (3, 75, 800 ng/mL); blank; calibration curve (0, 0.5, 1, 2, 5, 10, 20,
50, 100, 500, and 1000 ng/mL); blank. The three-day validation showed excellent reproducibility and accuracy for

both compounds, Tables 1 and 2.
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Standard

| Mean | . ‘ %CV
deviation
Std 0.5 0.57 0.05 16.1
Std 1 1.05 0.14 12.5
Std 2 1.93 0.16 4,37
Std 5 5.00 0.72 2.90
Std 10 9.23 1.47 1.72
Std 50 48.0 6.34 0.28
Std 100 83.1 8.06 0.12
Std 1000 1020 131 0.01
QC3 2195 ()55 1.2
QC 75 67.6 7.34 10.9
QC 800 780 110 14.1

Table 1. Summary of gefitinib based PROTACs-3 quantification in 3-day validation (in total 6 analysis
of each standard and QC).
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Standard

deviation
Std 0.5 0.53 0.08 15.3
Std 1 0.97 0.05 5.34
Stk 1.87 0.08 4.37
Std 5 4,95 0.15 3.06
Std 10 9.55 0.24 2.46
Std 50 49.5 1.24 2.51
Std 100 105 4.40 4.21
Std 1000 997 225 2.25
QC3 3.59 0.24 6.74
QC75 76.1 5.02 6.60
QC 800 812 26.8 3.30

Table 2. Summary of gefitinib quantification in 3-day validation for all data (in total six analysis of

each standard and QC).

The freeze-thaw stability of both gefitinib and gefitinib based PROTACs-3 was determined by the analysis of QC
samples 3, 75, and 800 ng/mL, the samples were analysed directly following preparation and then following
three freeze-thaw cycles at -20°C. The results showed that the measured concentrations % accuracy ranged

from 102.9-108.1 for gefitinib to 69.7-109.1% for gefitinib based PROTACs-3.

Conclusion

Proteolysis Targeting Chimeras (PROTACs) use protein targeting ligand linked to a ubiquitin E3 ligase binding
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moiety to effect proteasome mediated degradation of a target protein and have molecular weights in the
700-1000 Da range. As part of drug discovery and development, the DMPK characteristics of process PROTACs
molecules needs to be determined, in a similar manner to all small molecules and biologics; thus a high
sensitivity bioanalytical assay is needed. A reversed - phase gradient LC-MS/MS bioanalytical method was
developed and validated for the quantification of gefitinib based PROTACs-3 in rat plasma, using the Waters
tandem quadrupole mass spectrometer. The limit of detection was determined to be 20 pg/mL (2.5 fg on
column) with a dynamic range on 0.02-1000 ng/mL. The method was subject to a three day validation over the

range of 1-1,000 ng/mL.
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