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Pyrrolobenzodiazepine dimers (PBD’s) are a class of

engineered, highlypotent, covalently binding DNA crosslinking

agents derived from the natural productanthramycin. These

compounds are able to induce cell death at concentrations in the
low picomolarrange, as such, they are generallyconsidered too
toxic to use by themselves as oncologytreatments. Butthey are

an attractive option for use as “warheads” for antibodydrug
conjugates (ADC’s) being developed to treat specific forms of
cancerthat selectivelyexpress an identified targetmembrane
protein.

ADC'’s are made up of an antibody designed to selectivelybind

to the specifictarget protein expressed by the cancertype, a
small molecule toxin that will kill the cell the antibodybinds to
and is internalized by, and a linker joining the two that can be
cleaved by intracellular proteases. These complexmolecule
types presentunique bioanalytical challenges. Ligand binding

assays are typically used to quantitate the antibody backbone. In

some cases, LBA's can be developed specificallyfor the drug
conjugated antibody. This allows differentiation of conjugated
and unconjugated antibodybut does notprovide information
aboutthe drug to antibody ratio or the toxin itself. In both

research and clinical settings, the concentration of the unbound

small molecule toxin is also monitored, typically by LC-MS/MS,
to understand the degree itis systemicallyreleased through

undescribed enzymatic activity or due to instabilityof the linker.

PBD based ADC'’s are highly potent, and thus dosed at very low
levels, often in the microgram per kg range?. For an assayto be

usefulin assessing nonspecificallyreleased, freely circulating
small molecule,ithas to be of the highestsensitivitypossible.
This is complicated bythe observed poor sensitivitythese
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Figure 1. Molecular structure of SJG-136. Pyrrolobenzodiazepine
dimers (PBDs) are highly potent and of interest for oncology
applications. SJG-136 w as selected as a model compound for this
class of drugs to demonstrate this high sensitivity method.

compounds can exhibitin ESI mass spectrometry, with published
methods listing LLOQ’s in the single to double digitng/ml
ranges.!?

Here, three key technologies were combined to develop a very
high sensitivityLC-MS/MS assayfor the model PBD compound.
A high sensitivity quantitative assaywas developed an LLOQ of

0.5 pg/mLinrat plasma.

Key features of the microflow LC-MRM
guantitation assay

e Here, anoptimized solid phase extraction method was
combined with microflow LC on a QTRAP 6500+ System to
develop a high sensitivity assayfor a model PBD compound

o PhenomenexStrata-X Microeleution SPE plates treatup to
200 pL of plasmaand allow for very small elution volumes.

e SCIEX OptiFlow Turbo V Source is a robust, adjustment-free
source for low flow LC applications
e Reducing flow rates from the typical analytical flow rates

down to microflow rates typically provides gains in assay
sensitivity®

o SCIEX QTRAP 6500+ System for LC-MRM analysis provides
for high sensitivity quantitation
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Methods

Preparation of Standards and Blanks: K:EDTA Rat plasma
(Bioreclamation IVT) was aliquoted into 2 m| Eppendorftubes.
Pure SJG-136 (AChemTek, Inc.) was dissolved in DMSO to
make a 1.25 mg/mL stock solution, which was stored at-80°
when notin use. Working standards were seriallydiluted from
this stock to concentrations 20 times higher than the nominal
standard concentrations. 0.04 mL of the working standards were
added to the aliquoted plasma, which was brieflyvortexed to
mix. A 0.2 mL aliquotof each matrix standard was preparedin
triplicate for this experiment. Matrix blanks had 0.04 mL of
DMSO added to aliquoted blank plasma.

Solid Phase Extraction Procedure: PhenomenexStrata-X
Polymeric Revered Phase, microelution 96 well plates (p/n 8M-
S100-4GA) were used forsample cleanup. All elutions were
done using an Eppendorfplate centrifuge, at 1000 RPM. Each
wellwas initiallyconditioned with methanol, then equilibrated
with LC-MS grade water. The wells were then loaded with the
plasma samples and washed to waste. The samples were then
washed with 10% methanol. Samples were eluted into a
collection plate with acetonitrile. They were then evaporated just
to dryness under a gentle N2 stream and reconstituted with
HPLC grade H20.

HPLC Conditions: A nanoLC™ 425 System (SCIEX), witha 1-
10 pL/minflow module and a 20 pL injectionloop in direct
injection mode was used. The mobile phaseswere A) water with
CH3COOH and B) CH3CN with CH3COOH. A PhenomenexLuna
OmegaPolarC1850x0.3mm, 1.6 um (P/N 00B-4760-AC)was
fitted directly in the OptiFlow Turbo V source oven. For more
method details, download the supplementarymethods.”

MS/MS Conditions: A SCIEX QTRAP 6500+ System, operated
in positive MRM mode was used for analysis. An OptiFlow
ionization source with a SteadySpray™ Micro probe anda 25 pm
ID electrode was used. As will be discussed in the next section,
no internal standard was used for this experiment. Formore
method details, download the supplementarymethods.”

Solid phase extraction optimization

A well-developed solid phase extraction procedure canimprove
assaysensitivityby removing endogenous matrixcomponents
that elevate baseline signal and introduce ionization
suppression, and by concentrating targetanalytes in the sample.
PhenomenexStrata-X polymeric reverse phase microelution
SPE plates were selected for this assaybecause oftheir ability
to both handle larger plasma volumes (up to 200 pL), and their

compatibilitywith using small elution volumes (as low 25 pL).
Because the elution step for this phase is done with a high
percentage of organic, the small elution volumes dramatically
decrease the time required ofa dry-down step for reconstitution
with a more aqueous solventfor reverse phase LC separation.

Microflow chromatography for increased LC-
MS sensitivity

The low flow rates used in microflow chromatographyallow for
increased electrosprayionization efficiency which can resultin
sensitivitygains of 10-fold over traditional high flow
chromatography.®In cases ofdifficult to ionize compounds, the
sensitivitygains can be even higher. Microflow techniques suffer
from a perception that they are difficult to run in a robustenough
manner for routine bioanalytical work. Also, some ionization
sources require proprietarycolumn configurations can limitthe
flexibility to selectfrom various column chemistries and
dimensions. The OptiFlow Turbo V Source has been designed to
alleviate both these limitations. The probe and electrode design
are fixed in an optimized position for flow rates from 1 to 200
puL/min. The column heateris integrated with the source housing
in a mannerthatallows the analyst's column ofchoice to be
attached directly to the probe inlet fitting, minimizing post-column
dead volume. This is using the standard 1/16 fitting allowing use
with a broad range of column chemistries and dimensions.
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Figure 2. Evaluating lower limits of quantitationforthe
microflow as say. The matrix blank w as very clean (Left) and good
signal w as observed forthe LLOQ at 0.5 pg/mL (Right).
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When evaluating sensitivity, it's often difficultto do a direct
comparison of standard analytical flow to microflow. Because of
the dramatic differences in flow rates, on the order of 100x, there
are manyvariables (injection volumes, chromatographic peak
widths, column phase, etc.) that need to be taken into accountto
provide a “true” comparison between the two techniques. In this
example, a solid phase extraction sample preparation was used,
which removes salts from the samples so thatlarger, direct
injections could be used in both flow regimes withoutthe need
for a trap and elute configuration or a desalting divertvalve. A 20
ML injection volume was used for both standard and microflow
modes, the same mobile phases were used for both, and the
same column phase (PhenomenexLuna Omega Polar c18),in
column dimensions appropriate to each flow rate, was used for
comparison.

During the method development process, prepared matrix
standards were run in both analytical flow (600 pL/minona
50x2.1mm, 1.6 um column)and in microflow (7 uL/minon a
0.3x560mm, 1.6 um column) to assess the sensitivityand signal
to noise differences between to two approaches. As can be seen
in Figure 3, chromatographic peak widths for both techniques
were approximately3 seconds. Signal intensitygains and signal
to noise improvements for microflow were both around 30-fold
over high flow. These were measured onthe same QTRAP
6500+ System, justswapping the source and LC systems used
for each assay.
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Figure 3.Increased assay sensitivity Using microflow
chromatography. Using a concentration of 39 pg/mLSJG-132 in plasma,
the optimized assays for analytical flow and microflow were compared.
(Top) The chromatogram for the 2 MRM transitions are show n forthe
analytical flow assay, the quantifier had a S/N ratio of ~10. (Bottom) For
the same sample run using the optimized microflow assay (7 pL/min), the
S/N of the quantifier MRM w as significantly higher, ~300.

Evaluation of limits of quantitation

In addition to selecting microflow chromatographyforincreased
sensitivity, the QTRAP 6500+ system was also chosen forits
very high sensitivityfor targeted quantitative assays and proven
robustnessfor bioanalytical assays.

The calibration curve was prepared over a nominal range of0.5
to 1000 pg/mLin rat plasma. Despite the lack of a readily
available, deuterated analogue ofthe SJG-136, the method
proved to be reproducible (n=3,<10%CV at all concentration
levels) and linear over the range that was evaluated (Figure 4).
Use of an appropriate internal standard could have been of some
benefit, and is a recommended, accepted practice for
bioanalytical work.

A representative chromatogram and matrixblankis shownin
Figure 2.

Figure 4. Linear calibrationcurvefor SJG-136. The calibration curve
for SJG-132in plasma w as demonstrated to be linear over the
concentration range of 0.5 to 1000 pg/mL.

Challenges of Analyzing PBD Toxins

The bioanalysis of pyrrolobenzodiazepine dimers presents a few
notable difficulties. Despite initial appearances, they ionize
poorly by ESI mass spectrometry. It can be noted that APCI was
alsoinvestigated in this studyand resulted in significantlylower
signal (data not presented here). Poor ionization, coupled with
the very low expected systemic concentrations and high toxicity,
makes developing a method thatcan generate relevantdata
difficult.

Another issue with this class of compoundsis manyof them are
known to undergo significanthydration of the imine bond in the
presence of water* (Figure 5). This varies on a compound to
compound basis, butwhen it does occurto a significantdegree,
a chemical reduction step using NaCNBH3zis incorporated into
the sample preparation protocol to reduce both imine double
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bonds, making the compound more stable. Initial stability
analyses were done as partof method development, and no
signallosswas observed in the prepared extracts after storage
for 4 days in the autosamplerrack. MRM transitions were
predicted for the imine reaction using the precursorion +18 and
the fragmention, and precursorion +18 and fragmention +18.
Using both the compound MRMs and the predicted MRM
transitions, the method was then run on the higheststandard in
the calibration curve. The analysis did show a small amount
(<0.5% intensity) peak for both predicted MRM traces, indicating
that a small, butnot significantamount of hydration was
occurring (Figure 6).
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Figure 5.Known imine hydration of PBD toxins.
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Figure 6. Testingfor imine hydration. Top: MRM for SJG-136.
Bottom: Both predicted MRM traces for hydrated species.

Conclusions

The method presented demonstrates how the use of a solid
phase extraction sample preparation in combination with
microflow LC ona QTRAP 6500+ System can achieve much
better limits of quantitation than those using traditional analytical
flow techniques. In this case, if the freely circulating small
molecule componentofa potent ADC is able to be detected and
associated with toxic effects, it should allow researchers to
further refine and develop these constructs, with goal of
developing safe, effective therapies.

pa



For Research Use Only. Not for Use In Diagnostic Procedures.

SCIEX

The Power of Precision

References

1.

Wilkinson G, et al. (2004) Preliminary pharmacokinetic and
bioanalytical studies of SIG-136 (NSC 694501),a
sequence-selective pyrrolobenzodiazepine dimer DNA-
cross-linking agent. Investigational NewDrugs 22(3): 231-
40.

Mantaj J et al. (2016) From Anthramycin to
Pyrrolobenzodiazepine (PBD)-Containing Antibody—Drug
Conjugates (ADCs). Angwandte Chemie, 56 (2), 462-488.

Hartley JA, etal. (2018) Pre-clinical pharmacologyand
mechanism ofaction of SG3199, the pyrrolobenzodiazepine
(PBD) dimerwarhead component of antibody-drug
conjugate (ADC) payload tesirine. Scientific Report 8,
10479.

Pillow TH et al. (2017) Modulating Therapeutic Activity and
Toxicity of Pyrrolobenzodiazepine Antibody-Drug
Conjugates with SelfImmolative Disulfide Linkers. Mol.
Cancer Therapeutics, 16(5), 871.

WWW.Spirogen.com

SchneiderB et al. (2006) lon Sampling EfficiencyUnder
Conditions of Total Solvent Consumption. Rapid Comm
Mass Spec 20, 1538-1544.

Download Supplementary Method Information.

For Research UseOnly. Nat foruse in Diagnostic Procedures. Trademarks and/or registered trademarks mentioned herein are the property of AB Sciex Pte. Ltd., or their respective
owners, in the United States and/or certain other countries.

AB SCIEX™ is being used under license. © 2019DH Tech. Dev. Pte. Ltd.

Document number: RUO-MKT-02-9512-A

Headquarters

500 Old Connecticut Path | Framingham, MA 01701 USA

SCIEX Phone 508-383-7700
sciex.com

International Sales

For our office locations please call the division
headquarters or refer to our website at
sciex.com/offices


https://link.springer.com/article/10.1023/B:DRUG.0000026249.97007.60
https://link.springer.com/article/10.1023/B:DRUG.0000026249.97007.60
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201510610
https://www.nature.com/articles/s41598-018-28533-4.pdf?origin=ppub
https://www.nature.com/articles/s41598-018-28533-4.pdf?origin=ppub
http://mct.aacrjournals.org/content/16/5/871
http://mct.aacrjournals.org/content/16/5/871
http://www.spirogen.com/
https://onlinelibrary.wiley.com/doi/abs/10.1002/rcm.2511
https://onlinelibrary.wiley.com/doi/abs/10.1002/rcm.2511
https://download.sciex.com/Supplementary-Method-QTRAP-6500_PBD.zip

