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Sensitive multiplexed quantification of protein biomarkers for
early drug discovery and development

Increasing sensitivity for quantification of surfactant proteins in matrix using the SCIEX 7500 system
Bo An?, Timothy Sikorski*, John Mehl*, Eshani Nandita®?, Remco van Soest® and Elliott Jones?
!Glaxosmithkline, Upper Providence, Pennsylvania; 2SCIEX, Redwood City, California

This technical note demonstrates a highly sensitive quantification Here, a novel antibody-free platform (ABFP) was applied for the
workflow for surfactant proteins at a signature peptide level using enrichment of peptides in complex biological matrices.! ABFP

a high-end triple quadrupole mass spectrometer. Enhanced employs a highly efficient chromatographic fractionation
sensitivity for quantification of surfactant proteins was achieved technique for signature peptide enrichment. Peptide analysis
with the improved front-end technology to generate, capture and was performed using a microflow LC with trap-and-elute setup
transmit more ions on the SCIEX 7500 system. Low-ng/mL lower on the SCIEX 7500 system. Greater sampling efficiency of the
limits of quantification (LLOQs) were achieved for the 4 microflow LC paired with the improved front-end technology on
surfactant proteins analyzed in human plasma. the SCIEX 7500 system substantially increased the overall

sensitivity of the assay for SFTP biomarker quantification.
Despite the recent developments in LC-MS based protein

biomarker quantification, sensitive multiplexed quantification of

proteins remains a challenging step in the early stages of drug Key features of the protein biomarker
discovery and development. Biomarker targets such as quantification assay on the SCIEX 7500
surfactant proteins (SFTPs) are essential for facilitating and system

modulating the inflammatory response in the respiratory system.
SFTP quantification in plasma is highly informative, as it enables
the monitoring of lung health in an easily accessible matrix.

e Accomplish sensitive multiplexed quantification of surfactant
proteins in plasma at low-ng/mL level using the SCIEX 7500

system
Quantification of protein biomarkers such as SFTPs is commonly e  Achieve 2- to 5-fold improvement in LLOQ using the
performed using LC-MS techniques as it allows for the ability to improved front-end technology on the SCIEX 7500 system
multiplex. However, advanced sample pretreatment is required compared with previous generation instrumentation

to extract protein biomarkers from matrix and sensitive analytical
platforms are necessary to achieve quantification for low
abundant targets. Target enrichment such as
immunoprecipitation is often applied for quantification. However,
it can be challenging and time consuming to develop an effective
antibody particularly in the case of early drug discovery and
development. Additionally, interferences such as anti-drug
antibodies and low drug tolerance can further hinder
immunocapture assay sensitivity.

e Reach outstanding accuracy, precision and linearity for
quantification of multiple protein targets in complex matrices
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Figure 1. Schematic of the workflow for SFTP analysis. Samples were first fractionated and monitored online. Simultaneously, a set of fractions
were collected and analyzed using the M5 microLC system in trap-and-elute mode coupled to the SCIEX 7500 system.
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Methods

Sample preparation: Human SFTPs (hSFTPs) including
hSFTP-A, hSFTP-B, hSFTP-C and hSFTP-D were enzymatically
digested in human plasma. Details of the sample preparation
protocol are provided in the manuscript.t

Chromatography: Sample fractionation was on BioZen NX-C18
Column (150 x 2.1 mm), using high pH (pH=9.5) mobile phase,
Separation was performed on a M5 MicroLC system operated in
a trap-and-elute mode. A Phenomenex Luna Omega polar trap
column (0.5 x 10 mm, 5 pm, 100 A) was used for analyte
trapping at a flow rate of 50 pL/min. The trap column was
operated at room temperature. Sample separation was
performed on a Phenomenex Luna C18 (2) column (0.3 x 100
mm, 3 um, 100 A) at a flow rate of 10 pL/min. The column
temperature was set to 50°C. Mobile phase A was 0.1% formic
acid in water and mobile phase B was 0.1% acetic acid in
acetonitrile for both analyte trapping and separation.

Table 1. Gradient conditions for analyte trapping.

Time (min) Mobile phase A (%) Mobile phase B (%)
0.0 95 5
1.0 95 5

The gradient conditions are summarized in Tables 1 and 2 for
analyte trapping and separation, respectively. A 50 pL aliquot of
the sample was injected for LC-MS/MS analysis.

Table 2. Gradient conditions for analyte separation.

Time (min) Mobile phase A (%) Mobile phase B (%)
0.0 90 10
1.0 90 10
9.0 65 35
9.3 10 90
10.8 10 90
11.0 90 10
12.0 90 10

Mass spectrometry: A SCIEX 7500 system with an OptiFlow
pro source with E Lens probe and micro electrode was used in
positive MRM mode. The source conditions and MRM transitions
used are summarized in Tables 3 and 4, respectively.
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Table 3. Source conditions for the SCIEX 7500 system.

Parameter Settings
Polarity Positive
Curtain gas 35 psi
lon source gas 1 20 psi
lon source gas 2 65 psi
CAD gas 11
lon spray voltage 3750 V
Source temperature 200°C

Data processing: The MRM data were processed using the
Analytics module in the SCIEX OS software, version 2.0 using
the MQ4 integration algorithm. A weighting of 1/x? was used for
guantification.
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Table 4. MRM transitions for hSFTP-A, hSFTP-B, hSFTP-C and hSFTP-D.

Protein Sequence Precursor ion Production CE CXP

q (m/z) (m/z) V) V)
hSFTP-A NPEENEAIASFVK 724.357 1107.568 36 15
hSFTP-B SPTGEWLPR 521.769 858.447 21 15
hSFTP-C IAPESIPSLEALNR 755.417 663.357 27 15
hSFTP-D SAAENAALQQLVVAK 756.923 969.609 33 15

ABFP provided an effective enrichment method for a multitude of

Overview of the workflow for surfactant signature peptides in human plasma. Separation analysis using
protein quantification assay microflow LC with trap-and-elute setup enabled increased

sampling efficiency enabling sensitive analysis of critical protein
biomarkers. Furthermore, coupling microflow LC analysis to the
SCIEX 7500 system with front-end improvements such as
increase in ion generation, capture and transmission enabled
quantification of low-level targets at ng/mL levels.

A total of 4 surfactant proteins with different physiochemical
properties were analyzed in plasma. This included hSFTP-A,
hSFTP-B, hSFTP-C and hSFTP-B. The ABFP technique was
applied to enrich the signature peptides. A concentration range
between 10 ng/mL and 10,000 ng/mL was measured. A total of 2
replicates were assessed for each calibration point. Analysis was

: Quantification results
performed on the SCIEX Triple Quad 6500+ system and the

SCIEX 7500 system to compare sensitivity for analysis of ABFP employs a solid-phase extraction (SPE) cleanup along
SFTPs. with an orthogonal fractionation step to separate the peptide
targets. ABFP was compared with direct analysis to assess the
Quality control (QC) samples at low, mid and high concentrations level of improvement in sensitivity for h\SFTP-C (Figure 2). ABFP
were also assessed. QC low, mid and high were prepared at achieved a 5-fold S/N improvement at 50 ng/mL over traditional

8000 ng/mL, 800 ng/mL and 100 ng/mL, respectively. A total of 4 direct analysis. This demonstrates that the SPE fractionation
replicates were analyzed for each QC level.
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Figure 2. Extracted ion chromatograms (XICs) were used for the quantification of hSFTP-C. A S/N improvement of 5-fold was observed when
comparing direct analysis and ABFP of hSFTP-C at 50 ng/mL using the SCIEX Triple Quad 6500+ system (A-B). With the application of the SCIEX 7500
system, a 9-fold S/N enhancement was achieved for the quantification of hRSFTP-C at 10 ng/mL (C-D). A representative XIC of the IS intensity is shown
on the bottom panel per analysis.
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method substantially improves the sensitivity for quantification of

signature peptides through targeted enrichment.
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to 9-fold compared with the previous generation instrument

(Figure 2). As a result, the LLOQs were improved by a factor of
2x to 5x for the hSFTPs using the SCIEX 7500 system (Table 5).

In addition, a comparative analysis was performed between the

SCIEX 7500 system and the SCIEX Triple Quad 6500+ system
using hSFTP-C at a concentration of 10 ng/mL. The application
of the SCIEX 7500 system resulted in a S/N enhancement of up
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Figure 3 shows the representative XICs at the LLOQ levels of
hSFTP-A and hSFTP-D. An LLOQ of 5 ng/mL and 10 ng/mL
were achieved for hSFTP-A and hSFTP-D, respectively.

Figure 3. XICs were used for the quantification of hSFTP-A and hSFTP-D. The LLOQs for hSFTP-A and hSFTP-D were 5 ng/mL and 10 ng/mL,
respectively. Additionally, XICs showing endogenous levels of hSFTP-A and hSFTP-D in a healthy subject demonstrated that the assay can accurately

quantify hSFTPs in disease and healthy states.
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Moreover, the endogenous levels in healthy subjects were within
the assay limits enabling the presented method to successfully
quantify differences between healthy and disease states (Figure
3).
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A highly sensitive, reproducible and efficient analysis of hSFTPs
was demonstrated using ABFP enrichment coupled to a
microflow LC and SCIEX 7500 system supporting quantification
of low-level targets in early drug discovery and development.

Table 5. Summary of the LLOQs reached using direct analysis, ABFP and comparison of the SCIEX Triple Quad 6500+ system and SCIEX 7500

system.
. . LLOQ improvement
Jﬁ)rf’e?; SCIEX Iﬁi%l :at r:?ar;?:;zlsssom SCIEX TriS %Etgﬁad 6500+ scj/%i%oo bgg’gginsisifnf Jriple Quad
7500 system

hSFTP-A 1000 ng/mL 10 ng/mL 5 ng/mL 2X

hSFTP-B 200 ng/mL 25 ng/mL 10 ng/mL 2.5x

hSFTP-C 250 ng/mL 25 ng/mL 10 ng/mL 2.5x

hSFTP-D 200 ng/mL 50 ng/mL 10 ng/mL 5x

Table 6. Quantitative performance summarizing assay accuracy, precision and linearity at QC low, mid and high concentrations.

Accuracy = CV (%)

Target Linear range Correlation coefficient

protein (ng/mL) (%) QC Low QC Mid QC High
hSFTP-A 10-10,000 0.998 83.8+12.4 92.0 £13.5 96.1+7.8
hSFTP-B 25-10,000 0.983 112+ 16.4 80.5+6.7 98.6 +5.9
hSFTP-C 25-10,000 0.939 114 +10.2 93.4+9.8 98.1+4.5
hSFTP-D 50-10,000 0.999 101 £11.5 97.1+145 103 +£12.3

QC low, mid and high were evaluated for all surfactant proteins
as shown in Table 6. For hSFTP-A, QC accuracies were within
16.2% of the nominal concentration with %CV less than 13.5%.
QC accuracies for hSFTP-B were within 19.5% of the nominal
concentration with %CV less than 16.4%. For hSFTP-C, QC
accuracies were within 14% of the nominal concentration with a
%CV less than 10.2%. Finally, for hSFTP-D, QC accuracies
were within 3.0% of the nominal concentration with %CV less
than 14.5%. Overall, excellent accuracy and %CV were reached
for the quantification of hSFTPs. Additionally, strong linearity was
achieved with correlation coefficients (r2) greater than 0.983
(Table 6).
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e Excellent linearity, accuracy and %CV were achieved for the
quantification of h\SFTPs using the SCIEX 7500 system
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