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ORGANIZERS’ WELCOME
Welcome to the 2022 Applied Pharmaceutical Analysis Conference.

Our organizers have gathered another excellent group of speakers for the annual APA conference. The program is arranged to 

incorporate extensive audience participation and discussion. We encourage attendees to take full advantage of the opportunity to 

engage in discussion in order to receive the maximum benefit from the APA experience. Thank you for your participation.

REGULATED BIOANALYSIS 
Chair: Ang Liu, Daiichi Sankyo
Chair-Elect: James Schiller, Merck
Committee: Darshana Jani, Moderna; Fumin Li, Biollege 
Bioanalytical Consulting; Lori Payne, Alturas Analytics; Farhad 
Sayyarpour, Inotiv; James Schiller, Merck; Joseph Tweed, 
Bicycle Therapeutics; Jenifer Vija, Charles River Laboratories; 
Yongjun Xue, BMS

APA ORGANIZING COMMITTEES

DISCOVERY BIOANALYSIS  
& NEW TECHNOLOGIES
Chair: Violet Lee, Genentech
Chair-Elect: Christopher Kochansky, Exelixis 
Committee: Dieter Drexler, BMS; Hongying Gao, Innovo 
Bioanalysis LLC; Catherine Spickler, Charles River Laboratories; 
Jonathan Josephs, Genentech; Katie Matys, PPD; Lina Luo, BMS; 
Hiroshi Sugimoto, Takeda; Jing Tu, Alliance Pharma; Liyu Yang, 
Vertex; Yu Tian, AbbVie

MECHANISTIC ADME
Chair: James Driscoll, BMS
Chair-Elect: 
Committee: Eric Ballard, Takeda; Nagendra Chemuturi, 
Takeda; Lisa Christopher, BMS; John Davis, Novartis; Valerie 
Kramlinger, Novartis; Chandra Prakash, Agios Pharmaceuticals; 
David Stresser, AbbVie; Richard Voorman, RMLV Partners; Greg 
Walker, Pfizer; Cindy Xia, Renegade Therapeutics; Hongbin Yu, 
Boehringer-Ingelheim; Donglu Zhang, Genentech
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Chair: Ang Liu, Daiichi Sankyo



APA 2022 CONFERENCE AGENDA
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 7:00 - 8:00 AM Registration 
 8:00 - 8:10 AM Workshop Introduction 
  Ang Liu, Daiichi Sankyo

SESSION I: The State of the FDA: Guidance, Approval, and 
Beyond

 8:10 - 8:15 AM Session Introduction
   Ang Liu, Daiichi Sankyo  & Joe Tweed, Bicycle 

Therapeutics

 8:15 - 8:40 AM  State of the FDA - Overview of Recent Guidances
  Brian Booth, FDA
 8:40 - 8:45 AM Q & A

 8:45 - 9:20 AM  PLENARY: Clinical Pharmacology of ADCs: Critical 
Bioanalytical Role

  Malaz Abutarif, Daiichi Sankyo
 9:20 - 9:25 AM Q & A

 9:25 - 10:00 AM  State of the FDA – Antibody Drug Conjugates
  Salaheldin Hamed, FDA
 10:00 - 10:05 AM Q & A

 10:05 - 10:30 AM Panel Discussion: ICH M10
   Brian Booth, Malaz Abutarif, Jennifer Zimmer & Jenifer 

Vija, Salahedin Hamed

 10:30 - 10:50 AM   VENDOR PRESENTATION: Bioanalytical, Biotherapeutic 
and Biomarker Analysis in Drug Development: 
Challenges and Solutions 
Kenneth Swart, Inotiv

 10:50 - 10:55 AM Q & A

 10:55 - 11:15 AM  Break

SESSION II: Roadmap To the Approval of COVID 19 Treatments 
& Testing

 11:15 - 11:20 AM Session Introduction
   James Schiller, Merck

 11:20 - 11:40 AM  Capacity and Supply Chain Capabilities
  Christine Callahan, ThermoFisher
 11:40 - 11:45 AM Q & A

 11:45 - 12:05 PM   SPONSOR SHOWCASE 

 12:05 - 12:25 PM   Application of Micro-Sampling Device, Tasso M20 
in Pfizer’s COVID-19 Therapeutic Drug Paxlovid 
Development

   Haihong Shi, Pfizer
 12:25 - 12:30 PM Q & A

 12:30 - 12:50 PM  Preclinical Bioanalytical Challenges in Supporting 
the Covid-19 Oral Antiviral, Molnupiravir, during a 
Pandemic

   Sheila Breidinger, Merck
 12:50 - 12:55 PM Q & A

 12:55 - 1:55 PM LUNCH

 Session III: Immunogenicity and Bioanalytical Considerations

 1:55 - 2:00 PM Session Introduction
  Darshana Jani, Moderna  & Jenifer Vija, CRL

 2:00 - 2:20 PM  Practical Considerations for Neutralizing Antibody 
Assay Development

   Jason DelCarpini , Moderna 
 2:20 - 2:25 PM Q & A 

 2:25 - 2:45 PM  Recommendations for Harmonization of Anti-Drug 
Antibody Sample Testing and Reporting

   Michele Gunsior, Astria 
 2:45 - 2:50 PM Q & A

 2:50 - 3:10 PM  Recommendations for Development and Validation of 
qPCR Assays for Regulated Bioanalysis

   Amanda Hays, BioAgilityx 
 3:10 - 3:15 PM Q & A

 3:15 - 3:35 PM Break

DAY 1: Monday, Sept. 19 Regulated Bioanalysis Workshop
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Session IV: Emerging Technologies for New Modalities & 
Biomarkers

 3:35 - 3:40 PM Session Introduction
  Lori Payne, Alturas Analytics & Yongjun Xue, BMS

 3:40 - 4:00 PM  The Promise of Peptide-oligonucleotide Conjugates 
for Neuromuscular Diseases

   Pallavi Lonkar, PepGen 
 4:00 - 4:05 PM Q & A

 4:05 - 4:25 PM  Use of 1B-Hydroxydeoxycholic Acid as a Potential   
Biomarker for Assessment of CYP3A DDI Activity

   Yongjun Xue, BMS 
 4:25 - 4:30 PM Q & A

 4:30 - 5:45 PM Reception & Posters
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 7:30 - 8:30 AM Registration & Breakfast 
 8:30 - 8:40 AM Workshop Introduction 
  Violet Lee, Genentech

SESSION I: Advancements in AAV, mRNA, and Lipid 
Nanoparticle Technology for Viral and Gene Therapies

 8:50 - 8:45 AM Session Introduction 
  Katie Matys, PPD & Chris Kochansky, Exelixis

 8:45 - 9:10 AM  Programming T Cell Therapies for Solid Tumors is 
Enabled by Precise Delivery of Large and Modular 
Gene Circuits with Multiple Therapeutic Functions

  Aaron Cooper, Arsenal Bio
 9:10 - 9:15 AM Q & A

 9:15 - 9:40 AM  Bioanalytical Strategies and Challenges for CAR-T 
Support

  Nanda Balasubramanian, BMS
 9:40 - 9:45 AM Q & A

 9:45 - 10:20 AM  PLENARY: Immunogenicity Prediction: How Does This 
Fit In Drug Development?

  Steve Swanson, Genentech
 10:20 - 10:30 AM Q & A

 10:30 - 10:55 AM Break

 10:55 - 11:15 AM   SPONSOR SHOWCASE

 11:15 - 11:20 AM Plenary Introduction 
  Violet Lee, Genentech

 11:20 - 11:55 AM  PLENARY: The Role of Single-Cell and Single-Molecule 
Proteomics in Therapeutic Development

  Parag Mallick, Nautilus Biotechnology
 11:55 - 12:05 PM Q & A

 12:05 - 1:05 PM LUNCH

DAY 2: Tuesday, Sept. 20 Discovery Bioanalysis  
& New Technologies Workshop

SESSION II: Bioanalysis of Oligonucleotide Therapeutics

 1:05 - 1:10 PM Session Introduction 
  Hiroshi  Sugimoto, Takeda & Jing Tu, Alliance Pharma

 1:10 - 1:35 PM  Bioanalytical approach for Diverse Oligonucleotide 
Therapeutics using Multiple Bioanalytical Platform 

  Hisao Shimizu, Takeda
 1:35 - 1:40 PM Q & A

 1:40 - 2:05 PM  Hyphenated liquid chromatography techniques and 
qPCR: Overcoming the Bioanalytical Challenges of 
Oligonucleotide Therapeutics and mRNA Vaccines 
Laixing Wang, Chongqing Denali Medpharma and Helens 
Clinical Research Center

 2:05 - 2:10 PM Q & A

 2:10 - 2:40 PM  Break & Poster Presentation

SESSION III: Beyond the Rule of Five: Considerations in 
Bioanalysis and Data Analysis

 2:40 - 2:45 PM Session Introduction
  Dieter Drexler, BMS  & Jonathan Josephs, Genentech 

 2:45 - 3:10 PM  Development of a Target Engagement (TE) Assay for 
the Oral Peptide PCSK9-LDLr Inhibitor Program

  Weixun Wang, Merck 
 3:10 - 3:15 PM Q & A 

 3:15 - 3:40 PM  To Infinity and Beyond Rule of Five Compounds: 
Challenges and Considerations for Discovery Stage 
Bioanalytical Support

  Yueting Wang, AbbVie 
 3:40 - 3:45 PM Q & A 

 3:45 - 4:10 PM  Expanding the Protein Degradation Toolbox
  Jacques Saarbach, Yale 
 4:10 - 4:15 PM Q & A 

 4:15 - 5:30 PM Reception & Poster Presentation
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DAY 3: Wednesday, Sept. 21 Mechanistic ADME Workshop

 8:00 - 9:00 AM Registration
 9:00 - 9:10 AM Workshop Introduction 
  James Driscoll, BMS

SESSION I: Microphysiological Systems: Recent Advances in 
3D Cell Culture Models & Beyond to Address Unmet Needs in 
ADMET

 9:10 - 9:15 AM Session Introduction 
   David Stresser, AbbVie & Chandra Prakash, Agios 

Pharmaceuticals

 9:15 - 9:40 AM  MPS for ADME Applications: Moving from Aspiration to 
Exploration

  Stephen Fowler, Roche
 9:40 - 9:45 AM Q & A

 9:45 - 10:10 AM  IQ Microphysiological Systems Affiliate: Accelerating 
the Development and Adoption of MPS Models in 
Industry

  David Stresser, AbbVie
 10:10 - 10:15 AM Q & A

 10:15 - 10:40 AM  Renal Proximal Tubule-on-a-Chip: Performance, Utility 
and Benefit for Drug Development

  Tomomi Kiyota, Genentech
 10:40 - 10:45 AM Q & A

 10:45 - 11:10 AM Break

 11:10 - 11:30 AM   SPONSOR SHOWCASE

 11:30 - 11:35 AM Plenary Introduction 
  Chandra Prakash, Agios Pharmaceuticals

 11:35 - 12:10 PM  PLENARY: Challenges and Opportunities for AI in ADME 
Modeling

  Pat Walters, Relay Therapeutics
 12:10 - 12:20 PM Q & A

 12:20 - 1:20 PM LUNCH

SESSION II: On the Battlefield with Analytical Challenges

 1:20 - 1:25 PM Session Introduction 
   Greg Walker, Pfizer & Lisa Christopher, BMS

 1:25 - 1:50 PM  The AMS-enabled Human Absorption, Distribution, 
Metabolism & Excretion (hADME) Study: A 
Technological and Strategic Paradigm Shift 

  Doug Spracklin, Pfizer
 1:50 - 1:55 PM Q & A

 1:55 - 2:20 PM  The Importance of Tracking “Missing” Metabolites – 
How and Why? 
Donglu Zhang, Genentech

 2:20 - 2:25 PM Q & A

 2:25 - 2:50 PM  The Crucial Role of NMR in Understanding the Human 
Disposition of Paxlovid 
Greg Walker, Pfizer

 2:50 - 2:55 PM Q & A

 2:55 - 3:20 PM  Break

SESSION III: Mechanistic ADME of Novel Modalities

 3:20 - 3:25 PM Session Introduction
   Cindy Xia, Renegade Therapeutics & Donglu Zhang, 

Genentech 

 3:25 - 3:50 PM  Bioanalytical Considerations for Assessing 
Immunogenicity of Cellular Therapy Products

  Michael Swanson , J&J
 3:50 - 3:55 PM Q & A 

 3:55 - 4:20 PM  Intrathecal Delivery of siRNA-Conjugates to the CNS: 
Challenges of ADME Characterization

  Jeff Kurz, Alnylam
 4:20 - 4:25 PM Q & A 

 4:25 - 4:50 PM  Optimising Proteolysis Targeting Chimeras (PROTACs) 
for Oral Drug Delivery: A Drug Metabolism and 
Pharmacokinetics Perspective

  Andy Pike, AZ 
 4:50 - 4:55 PM Q & A 

 4:55 - 5:00 PM Conference Closing Remarks



APA ABSTRACTS

REGULATED BIOANALYSIS WORKSHOP 

VENDOR PRESENTATION

Bioanalytical, Biotherapeutic and Biomarker Analysis in Drug 
Development – Challenges and Solutions
Kenneth Swart, Inotiv

Bioanalytical and Biotherapeutic analysis form an integral part of 
the pharmacokinetic/pharmacodynamic characterization of a novel 
(bio)therapeutic from the time of its discovery through the various 
stages of drug development, leading to its market authorization.  This 
has always been challenging especially in the regulated preclinical 
(GLP) and clinical space (GCLP) but has become even more difficult 
with the expanding field of novel biotherapeutics like cell and gene 
therapies. The biggest challenges are still the requirement for rapid 
development of highly accurate, precise and sensitive assays for PK, 
immunogenicity and biomarker samples with high throughput. Novel 
Biotherapeutics require a broader scope of bioanalytical techniques 
to include molecular biology and genomic assays for DNA and RNA, 
oligos, qPCR, to protein expression, detection, and quantification. For 
regulated analysis, these need to be performed within the framework 
of Regulatory Guidance requirements, although for some techniques, 
no Guidance documents are yet in place. Inotiv specializes in the 
analysis of small molecules as well as novel biotherapeutics from 
preclinical discovery and development, to regulated preclinical 
and clinical analysis and also offers a human in vitro translational 
immunology platform that serves to bridge the gap between animal 
models and humans.

The field of immuno oncology is especially challenging since the ability 
of a target system to respond to a drug depends on; - the abundance 
of the target, the abundance of other key system proteins, and 
other proteins that control tissue phenotype. Inotiv has a patented 
platform, called “Target SufficiencyTM” which uses high resolution 
mass spectrometry targeted proteomics for continuous quantitative 
measurements of these parameters, even in FFPE tissue slides.

SESSION II:  
ROADMAP TO THE APPROVAL OF COVID 19 TREATMENTS & 

TESTING

Enhancement of Capacity and Supply Chain Capabilities
Christine Callahan, Thermo Fisher

Disruption has become a constant challenge for supply chains, with 
the frequency and magnitude increasing. The supply of bioprocessing 
raw materials has not been immune to these disruptions, impacted 
by all manner of political policy, trade and tariff agreements, labor 
constraints, sustainability efforts, energy availability, global health 
events, social unrest, terrorism, cybersecurity breaches, and 
accidents. This presentation will explore how Thermo Fisher Scientific 
has designed a supply chain strategy that is built around the customer, 
while methodically addressing the organizational and technical 
complexities of managing a multi-echelon network of suppliers, 
manufacturing sites, distribution nodes, and customers. Participants 
will learn how supply chain leaders can create forward-looking 
processes to optimize delivery of goods from supplier to customer 
while balancing supply, demand and financial plans in the short term 
and medium term.

Application of Micro-Sampling Device, Tasso M20 in Pfizer’s 
COVID-19 Therapeutic Drug Paxlovid Development
Haihong Shi, Pfizer

When COVID-19 turned to pandemic in March 2020, it presented an 
unprecedent urgency for pharmaceutical industry to come up with 
an antiviral therapy for patients. Nirmatrelvir is an orally bioavailable 
SARS-CoV-2 3CL protease inhibitor with potent antiviral activity. Pfizer 
initiated its first in human clinical trial in March 2021. After completion 
of the FIH study, a pivotal Phase 2/3 study in COVID patients with high 
risks of disease progression was initiated along with two additional 
Phase 2/3 studies in parallel. Due to the nature of high contagion of the 
virus and policy on patient quarantine requirement, out-patient study 
is needed. Traditional pk sample collection on site became difficult. 
At home self-collection of pk samples using Tasso M20 device was 
therefore, explored and implemented. 

A method validation of nirmatrelvir using Tasso M20 device was 
conducted. Data bridging with traditional plasma was investigated in 
the FIH study and subsequently three more phase 1 studies by applying 
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blood/plasma ratio as a correction factor. The bridging data indicated 
excellent correlation and quality data between the two approaches. 
Tasso M20 has been used for pk sample collection in the ongoing 
pediatric study, severe renal impairment study, and pregnancy study.

Preclinical Bioanalytical Challenges in Supporting the Covid-19 
Oral Antiviral, Molnupiravir, during a Pandemic
Sheila Breidinger, Merck

Merck and Ridgeback Biotherapeutics (RB) entered into a collaboration 
to advance the development of an oral antiviral candidate for the 
treatment of patients with COVID-19 in May of 2020.  Molnupiravir (EIDD-
2801, MK-4482) is a prodrug that rapidly converts to N-hydroxycytidine 
(NHC) which results in complexity of bioanalysis.  This complexity, 
in combination with accelerated development during a pandemic, 
resulted in several assay related challenges that will be described in 
the presentation.

Working with RB’s preclinical CRO, assay validation was expanded 
across 4 species while lowering detection limits to support GLP 
bioanalysis.  Challenges related to sample stabilization, low prodrug 
concentrations, carryover, incurred sample reanalysis, and frozen 
dilution integrity will be discussed together with accelerated timelines 
and multiple overlapping studies.

In parallel, the Merck internal bioanalytical team developed peripheral 
blood mononuclear cells (PBMC) triphosphate (TP) assays to evaluate 
the active NHC-TP within cells and an assay to measure NHC and NHC-
TP distribution to rat testis.  Assay development details and associated 
bioanalytical challenges will be shared.

SESSION III:  
IMMUNOGENICITY AND BIOANALYTICAL CONSIDERATIONS

Practical Considerations for Neutralizing Antibody Assay 
Development
Jason DelCarpini, Moderna

Determining the neutralizing activity of an anti-drug antibody is 
a critical step in understanding the safety and efficacy profile of a 
therapeutic. However, the assays used to determine the neutralizing 
activity of these antibodies are unusually based on the interaction 
between the therapeutic and its target.  In order to achieve an adequately 
sensitive assay, the concentrations of target and therapeutic in the 
assay system often need to be very carefully balanced. Left unchecked 

excess amounts of either target or therapeutic in a sample can 
lead to inaccurate results. In this presentation we will discuss some 
practical considerations for characterizing the influence of these 
interferents during assay development and suggesting some methods 
for mitigating their impact. 

Recommendations for Harmonization of Anti-Drug Antibody 
Sample Testing and Reporting
Michele Gunsior, Astria

The presence of anti-drug antibodies (ADA) is an important factor 
in contextualizing clinical study PK, PD, safety, and efficacy. Recent 
efforts in harmonizing ADA validation (Myler, 2022) and incorporating 
immunogenicity information into drug product labeling (FDA Draft 
Guidance 2022) underscore the need for consistency and scientific 
rigor to facilitate proper communication and understanding of ADA 
impact. To further support this effort, a cross-industry group was 
formed to establish harmonized recommendations and a report 
template for clearly summarizing the essential aspects of ADA 
clinical study testing and reporting. This talk will present the results 
of the harmonization efforts including recommendations for ADA 
bioanalytical report elements such as the method, critical reagents, 
equipment, data analysis, and study results. 

Recommendations for Development and Validation of qPCR 
Assays for Regulated Bioanalysis
Amanda L. Hays, BioAgilytix

The emergence of novel modalities such as cell and gene therapies 
has led many bioanalytical laboratories to implement qPCR and/or 
ddPCR to support preclinical and clinical assays. While there is a lack 
of regulatory guidance on how to approach these assays, discussions 
have already started in the community on harmonizing best practices 
for the development and validation of qPCR/ddPCR assays. This talk 
will cover best practices and unique considerations when developing 
and validating such assays.
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SESSION IV:  
EMERGING TECHNOLOGIES FOR NEW MODALITIES  

& BIOMARKERS

Use of 1β-Hydroxydeoxycholic acid (1β-OH DCA) as a Potential 
Biomarker for Assessment of CYP3A DDI Activity
Yongjun (Y-J) Xue, BMS

4β-Hydroxycholesterol (4β-HC) in plasma has been widely used as 
an endogenous biomarker to assess CYP3A DDI activity within the 
pharmaceutical industry. However, due to its long half-life and narrow 
dynamic window, its use has been limited to the assessment of strong 
CYP3A induction but not inhibition. In addition, 4β-HC assays require 
chemical derivatization to achieve the desired sensitivity, leading to 
long and cumbersome sample preparation. 

Recent publications indicated that: 1) CYP3A mediates the formation 
of 1β-hydroxydeoxycholic acid (1β-OH DCA) from deoxycholic acid 
(DCA); 2) total 1β-OH DCA/DCA human urinary ratios can serve as a 
potential alternative of 4β-HC for CYP3A DDI activity assessment with 
significant up- or down-regulation for induction or inhibition. To study 
whether 1β-OH DCA in plasma can also serve as a potential biomarker, 
we developed a combo LC-MS/MS method for the quantitation of 1β-OH 
DCA and its glycine and taurine conjugates in human plasma. 

With selective enrichment of these endogenous analytes by solid phase 
extraction (SPE), we were able to achieve the desired sensitivity (50 pg/
mL LLOQ) for accurate basal levels and downregulation measurements. 
The method was applied to analyze clinical samples from a DDI 
study. With rifampin induction, a higher upregulation of 1β-OH DCA 
was observed than that of 4β-HC, while with itraconazole inhibition, 
a much more significant downregulation of 1β-OH DCA was observed 
in comparison to 4β-HC. Our 1β-OH DCA plasma data were consistent 
with the previous published 1β-OH DCA/DCA urinary data. 

This presentation will review 1β-OH DCA discovery, characterization, 
urine/plasma data to demonstrate that 1β-OH DCA indeed can serve 
as a better alternative than 4β-HC for CYP3A DDI, especially for CYP3A 
inhibition.

DISCOVERY BIOANALYSIS & NEW 
TECHNOLOGIES WORKSHOP 

SESSION I:  
ADVANCEMENTS IN AAV, MRNA, AND LIPID NANOPARTICLE 

TECHNOLOGY FOR VIRAL AND GENE THERAPIES

Bioanalytical Strategies and Challenges for CAR-T Support
Nanda Balasubramanian, BMS

Chimeric antigen receptor (CAR) T-cell therapy presents unprecedented 
opportunities in cancer treatment but at the same time the complexity 
of this modality poses various challenges for bioanalytical scientists. 
The space is still evolving and there are lot of discussions across 
industry working groups to understand the optimal approach to support 
this modality. Here we will discuss the general bioanalytical strategy for 
cellular kinetics and immunogenicity along with available options of 
assay platforms, challenges in assay development and implementation, 
optimal sampling plans, regulatory agency expectations and the 
lessons learned from the approved CAR-T therapies.

PLENARY PRESENTATION

Immunogenicity Prediction, How Does This Fit In Drug 
Development?
Steve Swanson, Genentech

Predicting both the potential for a new therapeutic protein to induce an 
immune response and the likely consequences of that immune response 
has become an integral part of drug development.  Immunogenicity is 
a factor that should be considered throughout the drug development 
life cycle, starting in early drug discovery and continuing throughout 
commercialization. There are several tools that can be utilized to 
predict the likelihood of inducing an immune response including in 
silico sequence analysis, dendritic cell loading assays, MAPPS analysis, 
and T cell activation assays.  Each of these tools provides insight into a 
specific portion of the immunogenicity process, and combining results 
from multiple tools may provide a more accurate insight than any of the 
tools provides alone. The field of immunogenicity prediction continues 
to evolve with the goal of improving prediction accuracy, as do 
expectations from various regulatory agencies on prediction outputs.  
For most protein therapeutics the FDA looks to see an immunogenicity 
risk assessment included with IND filings, an immunogenicity risk 
mitigation plan to be developed for clinical trials, and finally, an 
integrated summary of immunogenicity to be submitted with BLAs. The 
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immunogenicity assessment plan established for protein therapeutics 
considers both the potential for developing an immune response and 
also the consequences of that immune response when planning the 
testing strategy. Immunogenicity prediction evaluation is examined 
throughout drug development as more data become available for 
the therapeutic. One of the goals of immunogenicity prediction is 
to continue to improve the algorithms that are used to increase the 
accuracy of predicting clinically significant immunogenicity.

PLENARY PRESENTATION

The Role of Single-Cell and Single-Molecule Proteomics in 
Therapeutic Development
Parag Mallick, Nautilus Biotechnology

Historical paradigms of oncogene addiction suggested that it would be 
possible to to drive tumor regression by targeting a singular oncogene 
(e.g. BCR-ABL). Unfortunately, recent studies have highlighted the 
critical role that tumor heterogeneity and tumor evolution play in 
both de novo and acquired resistance. Prior studies from our group 
highlighted the extent to which microenvironmental and ecological 
forces, such as hypoxia, influence this evolution. Up until recently, a 
lack of approaches for analyzing the spatial patterning of molecular 
phenotypes has made it challenging to examine the influence of tumor 
micro-heterogeneity on clinical outcomes. Through a mix of spatial, 
single-cell proteomics methods and computer vision, we developed 
an approach to examine the impact of hypoxia on protein networks 
and ultimately patient outcomes. Our results highlight the utility of 
highly multiplexed spatial analysis in understanding complex cancer 
phenotypes and demonstrate the clinical significance of the spatial 
organization of phenotypic cancer drivers. These studies also highlight 
an opportunity for better examining tumor ecology in the development
and use of novel therapeutics. In addition, emerging single-molecule 
proteomics methods, may make it possible to dive more deeply into 
the proteome and with greater resolution. We will discuss how these 
advances in single-cell and single-molecule proteomics may play a 
role in future drug development workflows.

SESSION II:  
BIOANALYSIS OF OLIGONUCLEOTIDE THERAPEUTICS

Bioanalytical Approach for Diverse Oligonucleotides Therapeutics 
Using Multiple Bioanalytical Platforms
Hisao Shimizu, Takeda
Due to the recent diversity of oligonucleotide therapeutics, the choice 

of appropriate bioanalytical assay for oligonucleotides is essential 
to understand their pharmacokinetics and pharmacodynamics 
relationship. Among the bioanalytical assays for oligonucleotide 
therapeutics, hybridization ELISA is recognized as  highly sensitive 
and quantitative analytical platform. Although there are many types 
of hybridization ELISA such as cutting, ligation, dual hybridization, the 
application and choice of which assay to certain types of oligonucleotide 
are not well established.  In addition to hybridization ELISA,  LC/MS and 
qPCR also serve as alternative assay platform for oligonucleotides with 
their high selectivity and sensitivity, respectively.  In this presentation 
I will overview each assay platform and introduce their application to 
preclinical bioanalytical support for oligonucleotide therapeutics.

Hyphenated Liquid Chromatography Techniques and qPCR: 
Overcoming the Bioanalytical Challenges of Oligonucleotide 
Therapeutics and mRNA Vaccines
Laixing Wang, Chongqing Denali Medpharma and Helens Clinical 
Research Center

The concentrations of oligonucleotide therapeutics and mRNA 
vaccines and their metabolites (as well as the lipid carrier components 
if LNP is used as delivery vehicle) in biological matrices need to be 
accurately determined to support ADME and PK/TK/PD studies. 
Sensitivity, specificity and throughput have been the key objectives for 
developing these bioanalytical assays to support IND and NDA fillings. 
This presentation will discuss the recent technology advancement in 
bioanalysis of nucleic acid and their applications in different drug 
development stages with case studies.

SESSION III:  
BEYOND THE RULE OF FIVE: CONSIDERATIONS IN 

BIOANALYSIS AND DATA ANALYSIS

Development of a Target Engagement (TE) Assay for the Oral 
Peptide PCSK9-LDLr Inhibitor Program
Weixun Wang, Merck

Traditionally the poor stability, short half-life, and poor cell permeability 
of linear peptides limited their therapeutic applications to extracellular 
targets and parenteral administration. Recent advancements in mRNA 
display, peptide macrocyclization, and stapling strategies have led to 
a resurgence of interest in the potential of oral peptide therapeutics 
particularly for targets which require inhibition of protein-protein 
interactions. We have designed highly stable, potent (pM), small tricylic 
peptide inhibitors of the PCSK9- LDL receptor (LDLr) protein-protein 
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interaction which exhibit measurable preclinical oral bioavailability. 
For the purpose of PK-PD modeling and simulation it was highly 
desirable to develop a PCSK9 target engagement (TE) assay. While 
PCSK9 TE assays have previously been developed for PCSK9 mAb 
therapeutics, they were not directly applicable for use with the peptide 
inhibitor program. A new TE assay was developed in which a potent 
lead peptide was modified by biotinylation and immobilized with 
streptavidin-Dynabead™ for isolation of free, un-inhibited PCSK9.   
After affinity enrichment, stringent washing, and enzymatic digestion 
of the captured proteins, PCSK9 derived peptides are quantified with 
LC-MS/MS. The assay has been used to measure TE for both in vitro 
and in vivo plasma samples and correlate TE with kinetically slower PD 
response (LDLc reduction) and will serve as a primary biomarker assay 
in Phase I clinical studies. Additionally, the assay affords the potential 
for direct extrapolation between in vitro plasma PCSK9 TE and in vivo 
pharmacology, permitting species extrapolation to human and early 
potency evaluation of diverse compounds in early discovery.

To Infinity and Beyond Rule of Five Compounds: Challenges and 
Considerations for Discovery Stage Bioanalytical Support
Yue-Ting Wang, AbbVie

Beyond Lipinski’s rule of 5 (bRo5) compounds expanded medicinal 
chemists’ abilities to explore novel mechanisms of action and 
to target previously undruggable targets. The fast-growing drug 
discovery effort in this chemical space also presents difficulties to 
bioanalytical chemists not commonly faced with Ro5 compounds. 
Because of the physiochemical properties and structures of these 
compounds, challenges often arise in achieving desired sensitivity, 
chromatographic behavior, and reproducibility. In this talk, we will 
share our experiences in addressing the analytical issues encountered 
with bRo5 compounds, and describe how a streamlined method 
development/optimization process is essential to provide highly 
efficient discovery stage bioanalytical support for modalities with 
growing diversity and complexity.

MECHANISTIC ADME WORKSHOP 

SESSION I:  
MICROPHYSIOLOGICAL SYSTEMS: RECENT ADVANCES IN 3D 

CELL CULTURE MODELS & BEYOND TO ADDRESS UNMET 
NEEDS IN ADMET

MPS for ADME Applications: Moving from Aspiration to Exploration
Stephen Fowler, Roche

The development and application of microphysiological systems (MPS) 
and Organ-on-a-Chip (OoaC) models to advance drug discovery and 
development have been much heralded. Nevertheless, their routine 
use in the ADME area is not as advanced as for in vitro pharmacology 
and toxicology applications. ADME studies have different requirements 
from toxicity or pharmacology studies: The assay endpoints are 
usually the effect of the cells on the compound through metabolism 
and transport processes as opposed to the effect of the compound 
on the cells.

Many reviews have been written about MPS but there are relatively few 
primary source studies in the ADME field. We aimed to contribute in 
this area by exploring the use of liver chip and gut-liver chip devices 
in drug metabolism applications. The presentation will focus on these 
case examples, the essential role of modelling and simulation for 
experiment planning and data interpretation and practical aspects 
essential in MPS adoption.

IQ Microphysiological Systems Affiliate: Accelerating the 
Development and Adoption of MPS Models in Industry
David M. Stresser, AbbVie

The presentation will provide an overview of IQ-Microphysiological 
Systems Affiliate, our goals and recent activities. In particular, the 
presentation will focus on the initiatives from the manuscript and 
regulatory engagement subteams. Further information can be found 
on our website: iqmps.org 

Renal Proximal Tubule-on-a-Chip: Performance, Utility and 
Benefit for Drug Development
Tomomi Kiyota, Genentech

Nephrotoxicity represents a major liability in certain drug classes, and 
is a serious safety concern during drug development and even among 
marketed products. Nephrotoxicants primarily target specific regions 
in nephrons such as glomeruli and renal proximal tubules (PTs), and 
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eventually induced renal injuries due to various intracellular stresses 
associated with drug clearance and reabsorption processes. Over 
the past decade a variety of “kidney-on-a-chip” microphysiological 
systems have been developed using various types of 3-dimensional 
(3D) microfluidic devices to generate complex in vitro models more 
physiologically relevant to PTs in human kidneys. Many of those PT 
models provide features of long-term (> weeks) viability and polarized 
expression of key proteins including functional transporters and 
endocytic receptors. We evaluated one such 3D human PT model 
for assessment of nephrotoxicity induced by both commercially 
available nephrotoxicants and internal compounds. The PT model 
exhibited better sensitivity to nephrotoxicants as compared to a 
2D static culture. Polymyxin b and other nephrotoxicants exposures 
demonstrated reproducible changes in cell viability, production of 
kidney injury biomarkers, and inflammatory markers (e.g., kidney injury 
molecule-1 and interleukin-6). Evaluation of internal test compounds 
led to differentiated safety profiles based on PT damage, production 
of kidney injury biomarkers, induced intracellular stress markers 
and compound uptake. Furthermore, the test compounds induced 
necrosis in a rat 3D PT model as previously observed in rodent studies, 
demonstrating potential translatability between in vitro and in vivo 
settings. These results suggest that the 3D model delivers improved 
identification of renal safety concerns and nephrotoxicity prediction 
for candidate molecules during drug discovery and development.

PLENARY PRESENTATION

Challenges and Opportunities for AI in ADME Modeling
Pat Walters, Relay Therapeutics

Over the past decade, we have seen continued growth in the application 
of Artificial Intelligence (AI)  methods in drug discovery.  Developments 
in deep learning have led to a renaissance in Quantitative Structure-
Activity Relationships (QSAR) and enabled the modeling of many ADME 
endpoints. Machine learning (ML) methods, which extract patterns 
from data and use these patterns to make predictions, are now being 
applied, to varying degrees, in most drug discovery organizations.   
While deep learning has changed how many researchers approach 
QSARs, it is not a panacea. As with any other machine learning task, 
the design of predictive models depends on the quality, quantity, and 
relevance of available data. Seemingly fundamental issues, such as 
optimal methods for creating a training set, are still open questions 
for the field. Another critical area, which is still the subject of multiple 
research efforts, is the development of methods for assessing the 
confidence in a model. This presentation will highlight emerging areas 
where AI can contribute to ADME models and open issues in the field.

SESSION II:  
ON THE BATTLEFIELD WITH ANALYTICAL CHALLENGES

The AMS-enabled Human Absorption, Distribution, Metabolism & 
Excretion (hADME) Study: A Technological and Strategic Paradigm 
Shift
Douglas K. Spracklin, Pfizer

The human radiolabeled ADME study provides a comprehensive picture 
of the disposition of a drug, with the data being used to inform the 
strategy for safety and clinical pharmacology studies. The standard 
ADME study design has been in place for some time; however, the 
application of accelerator mass spectrometry (AMS) as the detection 
method for carbon-14 in replacement of radioactivity measurements 
offers new advantages and potential. 

In this talk, we will describe our experience with a new ADME study 
design, termed the AMS-Enabled Human ADME study. In this design, 
both oral and intravenous routes of administration are assessed in a 
single clinical study yielding the standard ADME study end points as 
well as additional fundamental pharmacokinetic parameters.

The Importance of Tracking “Missing” Metabolites – How and 
Why?
Donglu Zhang, Genentech

Drug metabolites of either lacking a radiolabel or not being extractable 
are often missed or ignored even from human ADME studies. Yet, these 
metabolites can have pharmacological or toxicological significance. 
Tracking missing metabolites can have an impact on drug discovery 
and drug development. This presentation will discuss recovering drug 
metabolites from covalent binding of proteins and nucleic acids.

SESSION III:  
MECHANISTIC ADME OF NOVEL MODALITIES

Bioanalytical Considerations for Assessing Immunogenicity of 
Cellular Therapy Products
Michael Swanson, Janssen

Cellular therapies are an exciting field which is rapidly evolving due to 
advances in manufacturing and genome editing. This talk will review 
challenges related assay development and validation for the evaluation 
cellular immunogenicity to allogeneic cell therapies.
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Intrathecal Delivery of siRNA-Conjugates to the CNS: Challenges 
of ADME Characterization
Jeffrey Kurz, Alnylam Pharmaceuticals

Small interfering ribonucleic acid (siRNA) therapeutics are a new class 
of medicines that can address unmet medical needs by silencing 
disease-causing gene transcripts in the cell. Chemical conjugation 
is one strategy for cellular uptake, exemplified by the triantennary 
N-acetylgalactosamine (GalNAc) chemistry that catalyzes the hepatic 
delivery of several approved Alnylam siRNA therapies. Alnylam is 
developing new conjugate chemistries to expand the reach of 
therapeutic siRNA beyond the liver, including 2’-O-palmityl (C16) 
conjugates to facilitate uptake by tissues of the central nervous 
system (CNS). Since C16-siRNA does not cross the blood brain barrier, 
intrathecal (IT) injection by lumbar dural puncture is the anticipated 
route of administration for CNS delivery. Nonclinical in vivo and in 
vitro studies designed to characterize the absorption, distribution, 
metabolism, and excretion (ADME) of C16-siRNA illustrate the technical 
and conceptual challenges unique to this chemistry and dose route, 
especially as they compare to systemically administered GalNAc-siRNA. 
In contrast to liver, where biopsies enable serial liver sample collections 
from monkey, CNS datasets are comparatively sparse. Platform 
studies using radiolabeled C16-siRNA were designed to circumvent this 
issue, permitting serial imaging of live animals (rats and monkeys) to 
visualize flow and distribution in the cerebrospinal fluid (CSF), spinal 
cord, and brain. Imaging helped to illustrate the phenomenon of IT 
mis-dosing, a common occurrence in monkey studies that hampers 
their interpretation and any downstream activities such as PKPD 
modeling. Imaging also showed how C16-siRNA flow and diffusion in 
the CSF is slow relative to rapid circulation of GalNAc-siRNA in the 
blood, which complicates the measurement of CSF “exposure” since it 
can vary depending on sampling site. On the other hand, CSF turnover 
is fast relative to C16-siRNA tissue uptake, which limits the fraction of 
the administered dose taken up into the brain parenchyma. In terms 
of metabolism, GalNAc- and C16-siRNAs share a common suite of 
backbone modifications designed to promote durability in tissues, and 
both are subject to similar, nuclease-mediated degradative processes; 
however, a CNS-specific in vitro assay system has not yet been 
identified that can predict stability or metabolite-formation in vivo. 
Mitigation strategies are discussed, but to date these ADME limitations 
have not hindered progress of the C16-siRNA platform, including the 
entry of our first candidate, ALN-APP, in collaboration with Regeneron 
Pharmaceuticals, into clinical development for Alzheimer’s Disease.

Optimising Proteolysis Targeting Chimeras (PROTACs) for 
Oral Drug Delivery: A Drug Metabolism and Pharmacokinetics 
Perspective
Andy Pike, AstraZeneca

The use of bifunctional degraders, or PROteolysis Targeting Chimeras 
(PROTACs), whereby proteins are targeted for degradation using 
molecules designed to hijack the ubiquitin proteasome system is 
rapidly becoming an established clinical modality. As pharmacological 
target diversity has increased, the structural and physicochemical 
property diversity of PROTACs is now reaching a point where it is 
possible to observe trends in ADME properties, make comparisons to 
conventional “small molecules”, and identify specific issues associated 
with their optimisation and development. As PROTACs breach at least 
one “rule-of-5” constraint due to their molecular weight and face 
additional physicochemical property challenges due their bifunctional 
structure, optimisation of their ADME properties present challenges 
which can often be avoided with typical small molecule drugs.  In this 
context I will discuss some of our early findings on the pharmacokinetic 
properties of PROTACs, including the potential to achieve robust oral 
exposure, and other ADME issues encountered. I will also highlight 
some of the key experimental challenges we have faced and how this 
has defined our early screening cascade.
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Malaz A AbuTarif, PhD, Daiichi-Sankyo: Dr. AbuTarif is the Vice President and Global Head of the Quantitative and Clinical Pharmacology Department 
at Daiichi-Sankyo Inc with over 70 scientists in the department globally. He has over 20 years of post-doctoral Clinical Pharmacology and 
Pharmacometric experience in the Pharmaceutical Industry. Malaz is a Pharmacist by training and then obtained his PhD in Pharmaceutics with 
specialty in PKPD and research focused on Clinical Pharmacology and Modeling and Simulation. He Started his post-doctoral industry career at J&J 
Pharmaceutical R&D and has had increasing responsibilities throughout his career in Schering-Plough Research Institute, Bristol Myers Squibb and 
Daichi-Sankyo Inc.

Nanda Balasubramanian, PhD, Bristol Myers Squibb: Nanda has 8+ years of immunoassay and bioanalytical experience. In his current role at BMS 
he supports bioanalysis for CAR-T, gene therapy and large molecules. Prior to BMS he has held the bioanalytical lead scientist role with increasing 
responsibilities at Alexion, Pfizer and Astra Zeneca, supporting Oligonucleotide therapeutics, gene therapy and large molecules. Nanda is a member 
of the IQ Consortium Novel Modalities working group whose focus is on recommendations on novel bioanalytical and immunogenicity assays, best 
practices and standardization approaches for development and validation of these assays.

Brian Booth, PhD, FDA: Dr. Brian Booth is the Director of the Division of Cancer Pharmacology I, in the Office of Clinical Pharmacology at the U.S. Food 
and Drug Administration. Dr. Booth obtained a Bachelor of Science in Physiology at McGill University in 1988, and subsequently pursued a Doctorate in 
Pharmacology and Toxicology at Queen’s University (1993) in Canada. Following a Post-Doctoral Fellowship in the Department of Pharmaceutics at the 
State University of New York at Buffalo, where he studied the interaction between nitric oxide donors and the neuropeptide calcitonin gene-related 
peptide, Dr. Booth joined the Office of Clinical Pharmacology and Biopharmaceutics, FDA, in 1998. In 2004, he became the Acting Team Leader in the 
Division of Oncology Drug Products, after serving as a reviewer/pharmacometrician in this division. In November 2006, Dr. Booth was appointed as 
Deputy Director of the Division of Clinical Pharmacology V. At the FDA, Dr. Booth has been involved with the clinical pharmacology development of 
several hundred new oncology drugs, ranging from phase 1 to phase 4. In addition to IND and NDA/BLA reviews, Dr. Booth has been involved with 
teaching and development of new clinical pharmacology reviewers and medical officers, development of the analytical method validation, food 
effects, ARA drug-drug interactions, ADC- drugs, liposome drug product, PD-1/PD-L1 and studies in hepatic impairment Guidances for Industry, and 
clinical pharmacology modeling and simulation projects.  He has authored 81 peer reviewed articles and book chapters.

Sheila Breidinger, MS, Merck: Sheila Breidinger is currently the Senior Director of Regulated PK/ADA Bioanalytical Outsourcing within Preclinical 
Development at Merck Research Laboratories.  She received her B.S and M.S degrees in Chemistry from the University of North Dakota.   Sheila joined 
Merck in 1997 as a staff chemist supporting regulated bioanalytical method development, validation, and samples analysis.  In 2016, Sheila shifted her 
focus to outsourcing and now leads a team that manages regulated bioanalysis at external vendors across both the small and large molecule space 
at Merck.  Sheila has supported multiple bioanalytical programs that have resulted in the successful registration of Merck compounds.   Sheila has 
also authored/co-authored over 30 research papers pertaining to bioanalysis and pharmacokinetics.

Christine Callahan, MS, Thermo Fisher Scientific: Christine Callahan is the Vice President, Global Supply Chain, for the BioProduction Group at 
Thermo Fisher Scientific, leading teams across the Americas, EMEA, and APAC. The BioProduction Group includes product lines across Single Use 
Technologies, Purification Resins & Pharma Analytics, Cell Culture Media, Chemicals and Biologics, Cell & Gene Therapy and Genetic Testing. Christine 
is responsible for designing and implementing the strategy for the end-to-end supply chain that improves the customer experience, improves 
efficiencies, and increases productivity across assets. 

She has a Bachelor of Science (BS) in Chemical Engineering with a minor in BioMedical Engineering from the University of New Hampshire and 
is a Master of Science (MS) in Chemical Engineering from Rensselaer Polytechnic. Christine has over 20 years’ experience in various leadership 
roles across Supply Chain, Operations, Engineering, and Product Management. Christine started her career in Environmental, Health and Safety and 
Sustainability.
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Christine joined Thermo Fisher Scientific after leading an instrumentation and services business within Baker Hughes Oil & Gas focused on 
environmental solutions such as carbon emissions reduction, pipeline leak detection and water/wastewater management. Prior to this, she worked 
across multiple businesses at General Electric in Supply Chain and Operations Leadership roles.

Christine’s current strategic focus for the Bioproduction Group is building a customer-centric supply chain that improves the overall customer 
experience by assuring the supply of critical products and technologies. She partners with internal and external stakeholder to drive industry-leading 
reliability and competitive lead times across Single Use Technology, Cell Culture, Supplements and Purification Resins businesses.

Aaron Cooper, PhD, ArsenalBio: Dr. Cooper is the Senior Director of Synthetic Biology at ArsenalBio. The Synthetic Biology group is responsible 
for development and application of synthetic receptors, logic gates, and other syn bio technologies across our product pipeline and platform 
improvement teams, as well as the improvement of ArsenalBio’s CRISPR-based gene delivery technology. Aaron is a seasoned syn bio/gene therapy/
cell therapy leader and innovator, and was previously Head of Platform Development at Octant Bio, using syn bio and multiplexing tech to develop SM/
protein therapeutics. Prior to this, he worked on multiple synthetic receptor technologies, including synNotch, as well as the gene delivery platform 
at Cell Design Labs/Kite Pharma/Gilead Sciences. He has a PhD from UCLA and a BA from Pomona College.

Jason DelCarpini, Moderna: Jason DelCarpini has been working the field of regulated bioanalysis for over 20 years. Over that time he has acquired 
extensive experience developing and validating PK, PD, and immunogenicity assays for various modalities (bi-specific/functional conjugates, cell & 
gene therapies, mRNA therapeutics, monoclonal antibodies, enzyme replacement therapies, Fc-fusion proteins). He has worked for several industry 
leading companies such as Genzyme (Sanofi), Acceleron Pharma, bluebird bio, Pfizer, and Bioagilityx.  He is currently an Associate Director of 
Quantitative Bioanalytics at Moderna where leads the LBA team for in-house PK, PD and Immunogenicity analysis.

Stephen Fowler, PhD, Roche: Dr. Fowler trained as a chemist at the University of Oxford (UK) before studying drug-metabolising enzyme structure-
function relationships in his PhD at the University of Dundee (UK). Stephen has worked over the last 20 years in ADME scientist, senior scientist 
and group leader roles at AstraZeneca, Novartis and Roche and more recently as a clinical pharmacologist. His research interests are centered on 
enzymology, especially the contribution of UGTs to drug metabolism, and the use of new cellular systems to answer ADME questions.

Working with colleagues across the pharmaceutical industry Stephen co-wrote the 2020 IQ consortium review “Microphysiological Systems for ADME 
Related Applications: Current Status and Recommendations for System Development and Characterization”. Some of the ‘next steps’ outlined in 
this review have recently been explored further using liver-chip and gut liver MPS, resulting in two further Lab on a Chip publications in 2022. The 
presentation will aim to cover practical examples of successes and challenges from recent validation activities.

Michele Gunsior, PhD, Astria: Dr. Gunsior is Senior Director and Head of Translational Sciences at Astria Therapeutics, responsible for delivering 
translational medicine and bioanalytical objectives to support all stages of a therapeutic drug program. Prior to joining Astria, Dr. Gunsior was 
in the TS/TM group at Viela Bio (acquired by Horizon Therapeutics) overseeing clinical and nonclinical bioanalytical work, managing toxicology 
studies, and incorporating TM objectives into clinical studies. She joined Viela Bio from AstraZeneca/MedImmune, first beginning her career in the 
pharmaceutical/biotech industry at Covance Laboratories (now Labcorp). Dr. Gunsior served as the first Chair of the Women in Pharmaceutical 
Sciences Community within AAPS, is currently leading the ADA Clinical Relevance Subteam, and is a member of the extended Biomarker and Precision 
Medicine Community Leadership Team within AAPS.

Amanda L. Hays, PhD, BioAgilytix: Dr. Hays offers more than a decade of lab experience in multiple fields, including pharmacology, drug metabolism, 
immunoassays, immunogenicity, biomarkers, flow cytometry and qPCR. In her current role, she serves as a Scientific Officer at BioAgilytix and 
provides global scientific leadership and technical guidance for bioanalytical studies. Dr. Hays is the Chair of the AAPS biomarkers and precision 
medicine community and the AAPS qPCR working group, among other volunteer leadership positions. She earned her Ph.D. in Pharmacology from the 
University of Kansas Medical Center in Kansas City, KS.
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Tomomi (Tomo) Kiyota, PhD, Genentech: Dr. Tomomi (Tomo) Kiyota is a Principal Scientist in the Investigative Toxicology, Safety Assessment at 
Genentech, where he is conducting hypothesis-driven investigation to mitigate toxicity issues and to de-risk safety concerns of various modalities 
using cutting-edge in vitro approaches for supporting portfolios across therapeutic areas at discovery and early development stages.  Tomo has 
currently worked on a variety of areas in toxicology including, but not limited to, nephrotoxicity, gastrointestinal toxicity, skin toxicity, mitochondrial 
toxicity, hepatotoxicity and neurotoxicity.  Prior to joining Genentech, Tomo investigated mechanisms of neurodegenerative disease progression and 
evaluated adeno-associated viral vector-mediated gene therapeutics at the University of Nebraska Medical Center (UNMC).  Tomo received his PhD 
degree from Kwansei Gakuin University, Japan, and completed his postdoctoral trainings at Florida State University and UNMC.

Jeffrey Kurz, PhD, Alnylam Pharmaceuticals: Dr. Kurz is an Associate Director of DMPK at Alnylam where he functions as nonclinical DMPK lead 
on project teams supporting the development of siRNA therapeutics for the treatment of neurodegenerative diseases. Jeff received his Ph.D. in 
Biochemistry from Duke University, studying the mechanism of an RNA-processing enzyme. Jeff has over 20 years of pharmaceutical and biotech 
industry experience, including 11 years at Archemix Corp. (Cambridge, MA) in the discovery of RNA aptamer therapeutics, and 5 years at Pfizer 
(Andover, MA) in the mechanistic ADME of monoclonal antibody therapeutics and other biologics, prior to joining Alnylam in 2018.

Pallavi Lonkar, PepGen: Pallavi Lonkar is currently Senior Director, Head of Bioanalytical, Biomarkers, and DMPK at PepGen. She has more than 15 
years of experience in Bioanalytical, DMPK, and translational research to support nonclinical and clinical activities across a range of therapeutic 
areas and modalities which includes small molecules, oligo therapeutics, and oligo conjugatebiotechs to joining PepGen, she worked at multiple 
biotech’s including Korro Bio, Wave life sciences, Catabasis, and Alnylam pharmaceuticals. Pallavi has co-authored more than 15 peer-reviewed 
publications and reviews and has given numerous invited seminars at scientific meetings.

Parag Mallick, PhD, Nautilus Biotechnology: Dr. Parag Mallick is an Associate Professor at Stanford University and also serves as Founder and Chief
Scientist at Nautilus Biotechnology, a next-generation proteomics company. Originally trained as an engineer and biochemist, his research spans 
proteomics, computational and experimental systems biology, cancer biology and nanotechnology. Dr. Mallick received his B.S. in Computer Science 
from Washington University in St. Louis. He then obtained his Ph.D. from UCLA in Chemistry & Biochemistry, where he worked with Dr. David Eisenberg. 
He completed his post-doctoral studies at The Institute for Systems Biology with Dr. Ruedi Aebersold. Dr. Mallick’s group has been pioneering 
approaches to integrate multi-omic data towards understanding disease mechanisms, discovering biomarkers and enabling personalized medicine. 
Most recently, his group has been developing model-based and physics-based approaches to machine learning that enable learning over domains 
that span a wide range of time and length scales. Dr. Mallick has over 100 publications and holds patents in the fields of artificial intelligence, 
proteomics technology, biomarker development, and nanotechnology.

Andy Pike, AstraZeneca: Andy has spent 30 years in the pharmaceutical industry as a DMPK specialist and discovery project lead across a number 
companies.  Currently he’s a senior DMPK leader within AstraZeneca Oncology R&D working across multiple modalities, including protein degradation, 
to understand the specific ADME challenges they present compared to traditional small molecule drugs.

Jacques Saarbach, PhD, Yale University: Dr Saarbach was born and raised in the northeast of France. He graduated from the ENSCM in Montpellier 
(France) with a master’s in chemistry and a master’s in Biology. From 2014 to 2019, during his PhD training at the University of Geneva in the Winssinger 
lab, Dr. Saarbach focused on expanding the use of Peptide Nucleic Acids. These artificial nucleic acids share the same nucleobases as DNA or RNA on 
a peptide backbone. He used PNAs to create and screen DNA-PNA encoded chemical libraries and identified modulators of p97. His work also involved 
the development of fluorescence biosensors or increasing the cellular permeability of PNAs. In January 2020; Dr Saarbach joined the laboratory of 
Craig Crews at Yale University as Swiss National Science Foundation fellow, where he works on the synthesis and characterization of bivalent small 
molecules for protein degradation. Part of his work involves moving away from PROTACs and exploring new modalities for bivalent small molecules 
and induced protein protein interactions.
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Haihong Shi, Pfizer: Haihong Shi has been working in regulated bioanalytical field for over 20 years. She is currently a director in Clinical Pharmacology 
Department at Pfizer Inc. and has been managing Pk bioanalytical work for Paxlovid development. Previously she worked at bioanalytical lab at 
former Covance Laboratories as a principal investigator for over 5 years. She received her master in science degree from University of Missouri-
Columbia and MBA from University of Wisconsin-Madison.

Hisao Shimizu, PhD, Takeda: Dr. Shimizu is currently the Principal Scientist of DMPK bioanalytical function at Takeda Pharmaceutical Company, 
Japan.  He received his PhD degrees in Pharmaceutical Science from the University of Toyama, Japan. He joined Takeda Pharmaceutical Company in 
2008 as a bioanalytical scientist supporting regulated bioanalytical method development, validation, and sample analysis.  He has supported multiple 
bioanalytical programs including small molecule, oligonucleotides, and biologics by using LC/MS and ligand-binding assay. In 2021, he deeply involved 
in oligonucleotide program and is leading establishment of bioanalytical platform for oligonucleotides Takeda DMPK in Japan.  From August 2022, he 
appointed at Takeda San Diego as a secondee from Japan and will support the drug discovery programs as a bioanalytical scientist.

Douglas K. Spracklin, PhD, Pfizer: Dr. Spracklin is the Director of the Biotransformation & Environmental Sciences group within Medicine Design 
PDM at Pfizer. He received his Ph.D. degree in Chemistry from the University of British Columbia and carried out postdoctoral research at the 
University of Washington. He spent two years at Abbott Laboratories before joining the Neuroscience Drug Metabolism group at Pfizer. In that role, he 
supported programs spanning early discovery through clinical development for almost 10 years before assuming his current position.

David Stresser, PhD, AbbVie: Dr. Stresser is a Senior Principal Research Scientist in the DMPK-BA department at AbbVie. Prior to joining AbbVie 
in 2016, he held research, management and business development positions at Gentest Corporation, BD Biosciences and Corning Life Sciences in 
Woburn, MA. He received post-doctoral training in the laboratory of David Kupfer at the University of Massachusetts Medical School and graduate work 
in the laboratories of David E. Williams and George S. Bailey at Oregon State University (Ph.D. in toxicology).  He has co-authored > 50 articles or book 
chapters on drug metabolism and is an active participant in various pharma consortia.

Michael Swanson, PhD, Janssen: At Janssen, Michael is an associate director in the Bioanalytical Discovery & Development Sciences group. Michael’s 
team assesses cellular immune responses to cell and gene therapies. Michael’s scientific interests are related to immunogenicity risk assessments. 
Specifically, he is interested in how clinical outcomes may be better predicted by through in silico and in vitro preclinical data as well as reverse 
translation from clinical samples.  Michael received his PhD in Immunology from the University of Michigan.

Steven J. Swanson, PhD, Genentech: Dr. Swanson is head of the Predictive Sciences group within BioAnalytical Sciences at Genentech.  He started 
his career at Schering-Plough where he was responsible for the immunoassay laboratory supporting PK and immunogenicity.   In 1999 he joined 
Amgen to build the Clinical Immunology Department whose mission was to focus on anti-therapeutic antibody issues and supported functions 
including development, validation, and performance of all immunoassays and bioassays for the detection of antibodies directed against Amgen’s 
therapeutic proteins.   In 2015 he joined ImmunoCellular Therapeutics where the focus was on novel dendritic cell immunotherapies.  He was an 
independent consultant from 2019 through 2021, and joined Genentech in 2021.

Kenneth Swart, PhD, Inotiv: Dr. Swart is a Senior Vice President and heading up all Regulated bioanalysis, Biotherapeutics and Biomarker services 
at Inotiv, to provide solutions for rapid development of highly accurate, precise and sensitive assays for PK, immunogenicity and Biomarker samples 
with high throughput, using multiple bioanalytical platforms. He has 45 years’ experience in drug development, participated in over 4,000 clinical 
trials involving Clinical Pharmacology, Bioanalytical Chemistry and Biomarkers. Before Joining Inotiv he was responsible for the bioanalytical 
and biomarker services within Parexel and also heading up their bioanalytical and biomarker laboratories. This includes scientific oversight for 
bioanalytical and biomarker studies performed during preclinical and clinical studies, advice on method development and validation using different 
techniques spanning the spectrum of the biological continuum. He was also a co-founder of a full service CRO with responsibility of implementing a 
bioanalytical services division.
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Pat Walters, PhD, Relay Therapeutics: Dr. Walters is Chief Data Officer at Relay Therapeutics in Cambridge, MA.  Prior to joining Relay, he spent more 
than 20 years at Vertex Pharmaceuticals where he was Global Head of Modeling & Informatics.  Pat is a member of the editorial advisory boards for 
the Journal of Medicinal Chemistry and the Journal of Chemical Information and Modeling. He is co-author of the book “Deep Learning for the Life 
Sciences,” published in 2019 by O’Reilly and Associates. Pat received his Ph.D. in Organic Chemistry from the University of Arizona where he studied 
the application of artificial intelligence in conformational analysis. Prior to obtaining his Ph.D., he worked at Varian Instruments as both a chemist 
and a software developer. Pat received his B.S. in Chemistry from the University of California, Santa Barbara.

Laixin Wang, PhD, Chongqing Denali Medpharma: Dr. Wang, obtained his Ph.D. from the School of Pharmaceutical Sciences in Beijing Medical 
University. He conducted post-doctoral trainings in University of Utah and Duke University. Dr. Wang worked for Salus Therapeutics as a senior 
formulation research scientist for 5 years until the company was acquired by Genta Inc. Then he started his GLP bioanalytical career at Tandem 
Labs Salt Lake City. He was an associate laboratory director prior to joining NovaBioAssays as the Vice President for establishing the company’s 
GLP bioanalytical laboratory. Dr. Wang came back to China in 2017 and started Chongqing Denali Medpharma as a co-founder, CSO and senior Vice 
President.

Weixun Wang, PhD, Merck: Dr. Wang currently leads the West Point, PA discovery bioanalytical group within the department of Drug Metabolism and 
Pharmacokinetics at the Merck Research Laboratories.  Weixun has been a member of the MRL since August 2005, he started with the Proteomics 
group and subsequently worked in the Molecular Biomarkers group before his current role. Prior to Merck, Weixun spent four years in the Bay Area in 
California, working on the development of proteomics platforms at a biotech startup called Surromed and the Digital Health Division at Intel. Weixun 
Wang obtained his undergraduate degree in Chemistry from Peking University in China and his Ph.D. in Chemistry from Princeton University in New 
Jersey.

Yue-Ting Wang, PhD, AbbVie: Dr. Yue-Ting Wang currently leads the custom bioanalysis and innovation group within AbbVie’s discovery bioanalytical 
unit providing custom and innovative solutions for small molecule LC-MS/MS analysis. Before joining AbbVie in 2019, she was a Research Scientist 
at University of Illinois, Chicago where she established the DMPK group, performing DMPK studies and bioanalysis for the UICentre, a Drug Discovery 
Initiative at UIC. She also served as the Assistant Director of the Mass Spectrometry Core Facility at UIC, expanding BA capacity in biomarker analysis 
and proteomics. Dr. Wang completed her Ph.D. in Physical Organic Chemistry with Dr. Michael Novak at Miami University (Ohio) studying reactive 
intermediates of chemical carcinogens. She conducted her post-doctoral studies with Dr. Judy Bolton and Gregory Thatcher at UIC, focusing on drug 
discovery efforts for breast cancer and Alzheimer’s disease. 

Yongjun Xue, PhD, BMS: Dr. Y-J Xue is a scientific director at Nonclinical Disposition and Bioanalysis of Bristol-Myers Squibb in Lawrenceville, NJ and 
is involved in exploratory/development bioanalytical support and regulatory filings. He previously held positions within development bioanalytical 
organizations at Ceglene in Summit, NJ, Bristol-Myers Squibb in Lawrenceville/New Brunswick, NJ, and at Procter & Gamble Pharmaceuticals in 
Norwich, NY. Y-J completed his Ph.D. degree in 1994 at Iowa State University under the direction of Dr. Edward Yeung. Y-J’s research interests 
include bioanalytical method development/validations for challenging drug candidates/metabolites (e.g. chiral compounds), tissue sample analysis, 
therapeutic protein/antibody drug conjugate analysis by LC-MS/MS, and small molecule/protein biomarker analysis by LC-MS/MS.

Donglu Zhang, PhD, Genentech: Dr. Zhang is a Senior Fellow in DMPK at Genentech. He is interested in applying drug metabolism studies in drug 
design and development of both small molecules and antibody-drug conjugates (ADCs). He received the Sir James Black Award for discovery of and 
original research on Eliquis from British Pharmacological Society (2018) and the Ondetti and Cushman Award for invention of mass defect filtering 
method (MDF) from Bristol-Myers Squibb (2007). He is on Editorial Board of Drug Metabolism and Disposition and Xenobiotica. He received his Ph.D. in 
Organic Chemistry from University of Utah under the direction of C. Dale Poulter.

Jennifer Zimmer, PhD, Alturas Analytics: Dr. Jennifer Zimmer is the Laboratory Director at Alturas Analytics, Inc. and has been working in the field of 
bioanalysis for over 20 years. She received her B.A. degree in English and Zoology from the University of Idaho and her Ph.D. in Pharmacology from the 



19 | PAGE

University of Colorado Health Sciences Center, working in Dr. Robert Murphy’s laboratory on the leukotriene lipid mediator pathway. Her post-doctoral 
experience in Dr. Richard Smith’s laboratory focused on using metabolomics to elucidate disease pathways and to discover novel biomarker targets.

Dr. Zimmer is responsible for the overall operation of the Alturas Analytics laboratory. She has experience with FTICR, TOF, ion trap and quadrupole 
instrumentation. She has utilized these instruments for quantitation as well as structure elucidation using HPLC-MS/MS and HPLC-MSn. She oversees 
the scientific staff and ensures that client deliverables are met while working laterally with the Alturas Analytics, Inc. QAU in order to maintain 
laboratory compliance with all procedures and regulations. Dr. Zimmer is an active participant the Global CRO Council (GCC) and a member of the 
American Society for Mass Spectrometry.
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LC-MS Method for Detection of 1st, 2nd and 3rd Generation Oligonucleotide Therapeutics in Liver and Kidney Homogenate Samples for 
Metabolism Studies

Irina Slobodchikova, Wei Lu, Greg Kilby

Oligonucleotide-based therapeutics is an emerging and fast growing area. Oligonucleotide-based drugs show a potential in the treatment of a wide
variety of genetic disorders and infections and as use for vaccines. Understanding the metabolism of oligonucleotides and evaluation of safety of 
potential drug candidates with the use in vitro models including liver and kidney tissue homogenates is important for successful drug development 
process. However, this process is complex from sample preparation and chromatography prospective compared to small molecule analysis. 
The goal of the project is to optimize sample preparation and LC-MS methodology for 1st, 2nd and 3rd generation oligonucleotides including 
phosphorothioate, 2′-O-methyl and locked oligonucleotides, and phosphoramidate morpholino oligonucleotides. Protein Metrics software will be 
used for high- throughput oligonucleotide data analysis. 

For an initial proof of concept study, we optimized liquid-liquid extraction with phenol/chloroform/isoamyl alcohol mixture (25:24:1 v/v) to reach 
high analyte recovery, good selectivity and minimal matrix effects. During LC-MS method development, different columns, mobile phase modifiers, 
and gradients were evaluated for suitable separation and intensity of parent oligonucleotides. Preliminary results show effective separation and 
sufficient intensity of phosphorothioate, 2′-O-methyl and locked oligonucleotides using an Agilent Poroshell 120 EC-C18 column and the mobile 
phase A containing 25 mM 1,1,1,3,3,3-hexafluro-2- propanol/ 8mM trimethylamine in water and mobile phase B containing methanol in negative 
electrospray ionization mode, while phosphoramidate morpholino oligonucleotide requires additional optimization to obtain high signal intensity.

The study will examine optimal conditions for biotransformation studies
of a wide variety of modified oligonucleotide therapeutics.

POSTER ABSTRACTS
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Bioanalytical technologies to quantify siRNA or ASO type therapeutic oligonucleotides, to determine concentrations in various rodent or 
monkey biological matrices

Dan Wall, Qin Hao, Rutali Brahme, Roland Schuler, Julie De Gagné, Grzegorz Terszowski, Jennifer Cunliffe

Purpose: 
Anti Sense Oligonucleotides (ASOs) and short interfering RNAs (siRNAs) are advanced novel interventions aiming at modulation of protein expression. 
Several improvements to the oligonucleotide chemistry and delivery mechanisms, leading to improved absorption, stability and tissue targeting 
has intensified use of these modalities. The result is that analytical groups across the pharmaceutical industry increasingly need to explore a wide 
range of bioanalytical techniques to enable accurate and reliable quantification of said oligonucleotides. The questions posed by any specific 
project at hand, can drive the choice as to which analytical tool(s) would be most fit-for-purpose. The goal of this abstract is to share some of 
these approaches, with some recent work done in our labs, and to focus on the comparative advantages and drawbacks therein. 

Methods: 
Here we present three bioanalytical approaches we have used to support PK for oligonucleotide analytes. These include the hybridization Ligand 
Binding Assay (LBA) by either Gyros or the MSD platform, and Solid Phase Extraction (SPE) with LC-MS/MS. 

1) Hybridization LBA was performed by Gyrolab immunoassay (Gyros Protein Technologies, Uppsala, Sweden). For the Gyros platform, two separate 
10-mer ribonucleotide probes complementary to ASO, conjugated to biotin (capture probe) or Alexa647 (detection probe) were hybridized with ASO. 
Formed complexes of ASO and probes were captured with streptavidin microbeads in Bioaffy CD-1000. After washing out the unbound material, 
AlexaFluor647 levels were quantified.

2) Hybridization LBA was also performed on the Meso Scale Discovery instrument (MESO SCALE DIAGNOSTICS, LLC, Rockville, Maryland, USA). Two 
separate 10-mer ribonucleotide probes complementary to the siRNA, conjugated to biotin (capture probe) or Digoxigenin (detection probe) were 
hybridized with siRNA. Formed complexes of anti-sense siRNA and probes were captured on an MSD streptavidin plate. After washing out the 
unbound material, Digoxigenin (DIG) levels were quantified using a sulfo-tag labelled, anti-DIG antibody. 

3) Solid Phase Extraction (SPE) sample preparation followed by ion-pairing LC-MS/MS was used to quantify siRNA or ASO, using a Q-Exactive HF-X 
LC-MS/MS (Thermo Fisher Scientific, Waltham, MA USA). The SPE method was based on the Phenomenex Clarity solution. The LC method used HFIP 
and DIEA as ion pairing buffer. Lastly, for the MS, the analyte was the anti-sense strand of the siRNA duplex, while an analog oligonucleotide was 
used as the internal standard. 

Results: 
The Gyros assay was developed to quantify ASO in different Cynomolgus monkey matrices (plasma, CSF, spinal cord homogenate, kidney, liver, and 
brain tissues). Achieved sensitivity was in a range between 10 to 50 ng/mL depending on the matrices used. The MSD assay was used to quantify 
siRNA in Cynomolgus monkey plasma. The method used the Locked Nucleic Acid (LNA) based capture and detection probes, and the sensitivity 
was in the 100 pg/mL range. The SPE ion-pairing LC-MS/MS method was used to quantify ASO or siRNA in rodent serum or plasma and achieved 
sensitivities in the 10 ng/mL range.   

Hybridization LBA when performed with Gyros or MSD instrumentation offers high selectivity and sensitivity for the parent oligonucleotides, 
however, may also have cross-reactivity with N-1 and N-2 metabolites. The capture and detection probes needed for such assays are relatively 
easy to obtain. The Gyros has the advantage of use of less sample, and more automation, while the MSD can reach better levels of sensitivity. 
Recent improvements to said capture and detection probes, have been to place Locked Nucleic Acids (LNA) approximately every three nucleotides 
along the chain. This approach increases the binding strength between probe and analyte and can enable improved LLOQ’s. For the LC-MS/MS 
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method, sample cleanup can be performed with SPE and use of appropriate loading and washing buffers to disrupt the strong protein to oligo 
binding. Such an approach can fit well to any low MW LC-MS/MS laboratory and so is a method that can easily be transferred between groups, 
including to CROs.

Conclusion:
From our work with bioanalytical assays to quantify oligonucleotides, from biological matrices, we have found that a variety of complementary 
approaches can be successfully employed. Where sensitivity is not critical, and perhaps the metabolite profiles are also of interest, then the SPE 
LC-MS/MS workflow can be enabling. Where more sensitivity is needed, and metabolites are not of interest, then the better approach may be the 
hybridization LBA one. In particular, the use of the MSD platform with LNA based probes is capable of high sensitivity, while the use of the Gyros 
platform has the advantages of small sample size, and automation. For many post-discovery, preclinical compounds both PK by hybridization LBA 
and metabolite analysis by LC-MS/MS may likely be needed. 

Overall, the best strategy we have found is to be agile in responding to the project question at hand, and be ready to employ the best approach, 
regardless of whether it is based on LC-MS/MS or hybridization LBA technology. Our future bioanalytical method development plans include 
comparison of different probe designs, with LNA incorporation for hybridization-based methods, and use of affinity capture for oligos, rather than 
SPE, as the sample preparation approach prior to LC-MS/MS. 
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A Highly Sensitive Quantification Method for the Determination of Cyclodextrin in Mouse Plasma using Accurate Mass Spectrometry

Dawei Zhou1, Joel Blair2, Sharon Tong1, Shaokun Pang2, Matt Stone2

1Lab Testing Division of WuXi AppTec, Inc., NEJ Site, 6 Cedarbrook Drive, Cranbury, NJ 08512.
2SCIEX, USA

Purpose
Cyclodextrins are cyclic oligosaccharides widely used as excipients for drug formulation. These structures improve the chemical stability, 
solubility and overall efficacy of pharmaceutical drugs. Thus, there is a need to develop a highly sensitive LC-MS/MS method for monitoring the 
pharmacokinetics of the cyclodextrin excipient. Challenges arise in the assay development for cyclodextrin structures that have a molecular weight 
greater than 2000 Da. Larger cyclodextrin structures are more difficult to fragment making the traditional precursor to product ion monitoring 
not as feasible. Therefore,  studies often prefer the precursor to precursor “MRM” approach on a triple quadrupole mass spectrometer for the 
quantification of cyclodextrin. However, this approach lacks selectivity which often results in a higher  lower limit of quantification (LLOQ). Typically, 
an LLOQ of 100 ng/mL is reached which is too high to meet the needs of trace detection in practical applications. In this study, we have examined 
3 large cyclodextrin compounds and evaluated various LC-MS systems, including triple quadrupole MS, IM-MS and accurate mass spectrometers. 
Different ion modes were also investigated to evaluate the best approach for the sensitive quantification of cyclodextrins. Compared with regular 
LC-MS/MS, accurate mass spectrometry has shown a unique advantage, with increased selectivity for measuring large cyclodextrin compounds, 
resulting in the development and validation of a highly sensitive analytical method. LLOQs for cyclodextrins were determined to be as low as 5 ng/
mL in mouse plasma, with excellent accuracy and precision.

Methods 
For sample preparation, 3 cyclodextrin compounds were extracted from plasma matrix with protein precipitation. The supernatant was dried 
under nitrogen stream and reconstituted with mobile phase. Separation was performed on an ACQUITY UPLC BEH C18 column using an ExionLC 
system over a 5 min gradient. The flow rate was operated at 0.5 mL/min and an 8 µL aliquot of sample was subjected to analysis. Sample analysis 
was performed using the QTRAP 6500+ system, TripleTOF 6600+ system, and ZenoTOF 7600 system. Regular MRM, SelexION MS/MS, TOF MS and 
Zeno MS workflow were applied to determine the most sensitive approach. Negative ion mode was employed for the ionization of cyclodextrins.

Results
Use of a triple quadrupole mass spectrometer operated in MRM mode is considered as the most sensitive MS/MS mode for quantification. This is 
primarily attributed to its specific selectivity with high signal-to-noise ratio. This advantage, however, would be decreased if the target compound 
could not produce stable product ion during fragmentation. Even though pseudo MRM (precursor to precursor) mode is generally applied in 
this situation, there could be the presence of high background noise due to lower specificity. When pseudo MRM was applied for analysis of 
cyclodextrins, a high matrix interference was observed, resulting in no improvements in LLOQ over the 100 ng/mL. This issue was solved by 
using the time-of-flight (TOF) MS with >30,000 resolution. A 5 ppm mass accuracy with the TripleTOF 6600+ system effectively filtered the matrix 
interference and dramatically improved the signal-to-noise ratio. This made it possible to observe a signal at a concentration level of 5 ng/mL. 
Furthermore, this signal was significantly improved when the ZenoTOF 7600 system was applied for sample analysis. A 3-fold improvement based 
on signal-to-noise ratio was observed with the application of the Zeno trap. Based on the QC samples with the Zeno MS method, an LLOQ of 5 ng/mL 
was reached with an accuracy within ±14% of the nominal concentration and %CV less than 9%. Good linearity was observed with a correlation 
coefficient (r2) of >0.99.

In summary, application of an accurate mass spectrometer, the ZenoTOF 7600 system, efficiently enhanced the overall quantitative performance 
and sensitivity for the analysis of large cyclodextrin compounds at low-ng/mL levels in plasma matrices.
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Conclusion
Demonstration of a highly sensitive method for quantification of cyclodextrins is presented using an accurate mass spectrometer. The high-
resolution platform introduces increased selectivity for quantification using precursor to precursor selection, given the fragmentation challenges 
of large cyclodextrin structures. Enhanced selectivity improved the overall sensitivity enabling trace-level quantification in practical applications 
for monitoring of excipients.



Optimization of TaqMan Genotyping qPCR Assays to Minimize Sample DNA Input for Identifying Human SNPs in Forensic Perspective

Ryan Haley, PhD1; XinMing Li, PhD1; Bin Xu, PhD1

1Frontage Laboratories Corp, 760 Pennsylvania Drive, Exton, PA, 19341

Purpose
Several applications in forensic science require the ability to discern DNA sequences using minute amounts of human material.  Traditionally, the 
sequencing of short tandem repeats (STRs) has been used to identify individuals through their unique genetic profile.  Although STRs are highly 
polymorphic and thus have the advantage of requiring only around 15 loci to functionally discern individuals, their relatively long length means 
that even moderately degraded DNA cannot be sequenced.  TaqMan genotyping qPCR assays are a great addition to modern forensic analysis, 
identifying single nucleotide polymorphisms (SNPs) and revealing an individual’s lineage and likely physical characteristics.  Moreover, TaqMan 
assays only need a DNA fragment of 60-80 bp as the qPCR template, and recent research indicates that the TaqMan assay shows promise for 
the genetic profiling of highly degraded DNA in human blood samples.  The TaqMan assay is a relatively novel qPCR technique that allows for the 
amplification and detection of SNPs using sequence-specific probes.  

To this end, will discuss the optimization of the TaqMan assay for the purpose of detecting SNPs.  As forensic samples can sometimes contain as 
little as ~0.1 - 0.2 ng of DNA, the ability to design a TaqMan protocol that can accurately profile this “trace DNA” is essential for its applicability.  We 
will discuss how this optimization was performed and demonstrate that we are able to profile SNPs at input levels around that of trace DNA while 
avoiding both false negatives and false positives.

Methods 
TaqMan probes have a minor groove binding (MGB) element that increase their binding affinity to DNA, effectively increasing their melting 
temperature.  The presence of this MGB element, in turn, allows these probes to contain drastically fewer nucleotides while still achieving a melting 
temperature amenable to traditional PCR protocols.  As such, these probes are highly sensitive to changes of a single nucleotide (e.g. SNPs).  To 
discern between two potential SNPs at a specific locus, a mixture containing two TaqMan probes is added to a qPCR reaction, with one specifically 
targeting the first SNP and another specifically targeting the second SNP.  Each SNP probe contains a distinct fluorescent marker and a quencher; 
this quencher is removed if the probe binds its target SNP and is amplified by Taq polymerase, enabling fluorescence.  In this way, an instrument 
that measures the fluorescence emitted by the TaqMan probes also measures the prevalence of its associated SNP.

To take advantage of this property of TaqMan, multiple TaqMan reactions were run on a 96-well plate (Applied BiosystemsTM TaqManTM Drug 
Metabolism Genotyping Assay); these reactions were designed to probe two distinct SNPs at a locus of interest.  For each SNP locus tested in 
this optimization, three pre-characterized control hgDNA solutions are utilized; the first is known to be homozygous for allele A, the second is 
homozygous for allele B, and the third is heterozygous, containing both alleles A and B.  All control hgDNAs had confirmed genotypes and were 
provided by Coriell Institute.  For each plate, a total of four combinations of reaction volume (e.g. 20 µL reaction) and hgDNA input (e.g. 0.1 ng) 
could be run.  DNA quality was ensured using A260/A280 and A260/A230 ratios, as measured using the ThermoFisher NanoDropTM One, and DNA 
concentrations were reported by the ThermoFisher QubitTM dsDNA HS Assay Kit.  All samples were run in triplicate, and each combination of 
reaction volume and SNP input combination tested included the following samples: 2 no template controls (NTCs), 1 homozygous allele A positive 
control, 1 homozygous allele B positive control, and 1 heterozygous positive control.  Each TaqMan plate prepared thusly was subjected to qPCR 
using the ThermoFisher QuantStudioTM 7Flex under a variable number of cycles.  The fewest number of cycles that ensured proper and consistent 
readings was preferred to minimize the risk of artifacts that may cause false negatives and false positives.

Multiple plates were tested to probe for the optimal TaqMan conditions to monitor trace amounts of DNA, placing priority on minimizing the 
DNA concentration necessary.  A set of conditions was determined to have passed if all reactions/wells associated with those conditions (NTC, 
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homozygous for alleles A/B, and heterozygous) were properly called.  Calls were determined using QuantStudioTM Real-Time PCR Software, 
which tracked the fluorescence in each well over time.  Once a set of conditions was found to work for a given DNA concentration, a lower DNA 
concentration was then tested under various conditions as described above.  Thus, we could gradually optimize the reaction and progressively 
discern the lowest possible DNA concentration (and associated conditions) where the SNPs of interest could be reliably called.

Results
We were able to reliably call multiple SNPs using control gDNA input as low as 0.05 – 0.1 ng by using a reaction volume of 10 µg.  We found that using 
45 PCR amplification cycles (95ºC for 4s and 60ºC for 20s) was able to maximize the amplification of trace amounts of DNA while also preventing 
false positives or false negatives.  We were able to achieve comparable sensitivity by applying this optimized TaqMan system to hgDNA samples 
extracted from human whole blood.

Conclusion
We have successfully developed optimized protocols that produce reliable SNPs calls for a panel of SNPs using only 0.05 – 0.1 ng of DNA input.  
These protocols suggest that TaqMan may be a robust, powerful, and affordable method for forensic applications, or for any experimental design 
where sample size may be severely limited.  In the future, we hope to optimize our method for various stages of DNA degradation and for different 
matrices, but these initial results are highly encouraging.
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Routes for Synthesis of Metabolites of Ruxolitinib and Epacadostat

Frank Scheffler, Liam Evans, Ravi Manohar, Richard Phipps, Jonathan Steele 
Hypha Discovery Limited, 154B Brook Drive, Milton Park, OX14 4SD, UK 
Contact: frank.scheffler@hyphadiscovery.com

Significant metabolites of small molecule drugs sometimes need to be accessed at scale for further testing. Hypha have developed multiple 
techniques as part of their one-stop metabolite shop to tackle synthesis of these using both biotransformation techniques or late-stage chemical 
synthesis.

In this poster we describe the routes taken to make metabolites of Incyte’s drugs, ruxolitinib and epacadostat, where the majority of metabolites 
were not accessible through facile chemical synthesis. Instead, microbial biotransformation was used to make the phase 1 and phase 2 metabolites 
needed.
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Overcoming Target Interference for a Pharmacokinetic Ligand Binding Assay of a Bispecific Antibody in Preparation for Analysis of Clinical 
Samples

Ian Huffnagle, Matthew Solomon, Linlin Luo, Dong Hun Lee

Purpose
Antibody based biotherapeutics are highly effective at targeting cancer cells and can either aid in the delivery of compounds to targeted cells 
or the induction of an immune response. The therapeutic of interest is a novel bispecific antibody-like molecule that can redirect immune cells 
to the tumor through a tumor-associated antigen (TAA) specific arm.  Ligand Binding Assays (LBA) to support pharmacokinetic (PK) analyses of 
clinical trials present special challenges as the soluble drug targets may interfere with the binding of capture and detector reagents. To overcome 
these challenges, various diluents and buffers, anti-idiotypic (anti-Id) antibodies, and method procedure modifications can be applied. This study 
evaluated possible routes of overcoming interference from soluble TAA binding to a bispecific drug in a PK LBA.

Methods 
Initial analysis used a pair of anti-Id antibodies specific for each arm of the bispecific molecule as the capture and detector, respectively, with a 
standard sequential assay format, and displayed promising results. However, during specificity testing, biologically relevant amounts of soluble 
target showed up to 60% reduction in raw signal depending on the concentration of the analyte.  The anti-Id antibody used as the capture was 
specific to the target-binding arm and was blocked by soluble TAA.  Ideally non-blocking anti-Id antibodies would allow for soluble TAA bound drug 
complex binding, but all anti-Id antibodies tested showed blocking behavior. With this barrier, anti-Ids with the highest affinity were selected as 
capture reagents and used for assay optimization.  Testing with generic antibody captures showed significant background signal, that was not 
remedied by alternate blocking reagents and other method modifications, including different incubation times. Inverting the anti-Id antibodies 
used for the capture and detector showed no effect, indicating the interfering target had strong binding affinity to the drug, preventing reagents 
from binding with current standard assay format. Of all the optimization efforts including reagent concentrations, MRD, and assay buffer systems, 
the most significant improvement in eliminating target interference came from pre-mixing sample and capture reagent, prior to addition to the 
streptavidin coated MSD assay plate.

Results 
Initial analysis of soluble TAA interference showed the potential for up to 60% reduction in raw signal using anti-idiotypic antibodies as capture 
and detector reagents. By selecting high affinity anti-Id Ab as capture and mixing the sample and capture prior to addition to the assay plate the 
assay overcame the interference of the TAA. The data indicates that pre-incubation of capture with sample can better compete with soluble TAA 
compared to capture bound to the assay plate first. The assay successfully passed all pre-validation parameters, including Accuracy and Precision, 
Selectivity, Specificity, Parallelism, Dilutional Linearity, and Short-Term Stability.

Conclusion 
By selecting a high affinity anti-Id as capture and modifying the assay format we provided the capture opportunity to out-compete soluble TAA 
bound to the drug and generate reliable results.
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High-Resolution LC/MS/MS mRNA Analysis: Bottom-up mRNA Sequence Mapping, Poly-A Tail Length, and Capping Analysis

Alice Guo (alice.guo@avicelabs.com), Kevin Guo (kevin.guo@avicelabs.com) 
Avice Laboratories, Suite 301, 289 Great Road, Acton, MA 01720

Purpose
(1) Method Development of LC-MS/MS mRNA bottom-up sequence mapping by immobilized RNase T1 partial digestion, paralleled with two additional 
endonucleases digestion for better sequence coverage.
(2) Demonstrate the reliable LC/MS quantitation platform of mRNA 5’ capping fragments and 3’ poly-A tail length analysis.

Methods 
(1) Thermo Q-Exactive HF orbitrap mass spectrometry and Vanquish Flex uHPLC were utilized in three studies. The mass spectrometry was operated 
in negative mode full MS, data-dependent, ddMS2 and mSIM, multiplexing selected ion monitoring. The singly-charged and doubly-charged mRNA 
fragments were excluded from MS/MS triggering. Data analysis was performed using commercially available BioPharmaFinder, FreeStyle software, 
and home-built VBA macro. The TEA, HFIP, and EDTA were purchased from TCI America. The uHPLC-MS grade water, methanol, a DNAPac RP 2.1 mm 
X 250 mm column were purchased from ThermoFisher. 

(2) mRNA bottom-up sequence mapping, the modified mRNA with 2,800 nucleotides was purchased from TriLink BioTechnologies. The immobilized 
Nuclease T1 on magnetic beads was purchased from ThermoFisher. The mRNA partial digestion was done with immobilized Nuclease T1 on 
magnetic beads, RNase T1 Mag Bulk Kit. The mobile phase composition and gradient will be discussed in detail.

(3) mRNA 5’ capping analysis, the NEB mRNA used as the study model was digested RppH, pyrophosphohydrolase to the decapped mRNA standard. 
5’ capped mRNA was mixed with decapped mRNA to create a 1:2 ratio.  The RNase H was added to digest at 37 degrees. The Streptavidin C1 
magnetic bead was added to RNase digest. The beads were retained by a magnetic rack. RNase H digestion was eluted and dried in a SpeedVac, 
then resuspended and injected onto LC/MS. 

(4) mRNA 3’ poly A tail analysis, the NEB mRNA used as the study model was digested RNase H and RNAse T1. Similar to capping analysis, the 
Dynabeads mRNA oligo (dT)25 magnetic beads were added. The (dT)25 beads were retained by a magnetic rack. The supernatant has the cleavage 
product. The poly A tails were released by 80 degrees 75% methanol, and dried in a SpeedVac, then resuspended and injected onto LC/MS. The 
different percentages of released methanol were compared in the study.

Results 
(1) mRNA bottom-up sequence mapping, the endonuclease mazF cleaves at the 5’ end of ACA, and colicin E5 cleaves between GU. The partial 
digestion from immobilized Nuclease T1 on magnetic beads generates relatively larger mRNA fragments, which are close to the ideal oligo length 
of 20 – 75 nucleotides for effective MS/MS. The digested mRNA fragments that are shorter than 15 nucleotides are not unique. The fragments 
larger than 75-80 nucleotides are generally challenged to be fully sequenced. Partial digestion avoids the issues of too short fragments and 
too quick the completion of the digestion with RNase T1 in its complete digestion. The preliminary data has shown that these three digestions 
produce complementary mRNA sequence coverage.  The mRNA fragment MS tuning methods and stepped collision energies were optimized 
with BiopharmaFinder Comparative View and FreeStyle software. The sodium salt adduction is always a challenge to oligo LC/MS. The highest 
purities of mobile phase additives, solvents, and 5uM EDTA as a chelating agent were used to minimize sodium adduct formation. A 1.5-hour 
chromatography run time with a 250mm long DNAPac RP oligo column enables high chromatography peak capacities and sufficient ddMS2 
injection time on multiple charge states. The sequencing ladder from different charge state is complimentary. The optimal collision energies are 
different for different charge states of the same fragments. The 3 stepped collision energies were used to leverage this behavior. 
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(2) mRNA 5’ capping analysis, the summation of top 3 to 5 charge states from capped and decapped species were used to construct XIC, extracted 
ion chromatogram. The result of the ratio measured from XIC is 1:2.08, while the theoretical ratio is 1:2. The relative quantitation was done in a 
similar manner. 1uM – 10uM EDTA concentration in mobile phases A and B were optimized. 5uM EDTA was chosen to balance between sodium, 
double sodium adduct formation, and ion suppression. High salt buffer should be avoided and minimize their concentration. EDTA was found to be 
beneficial in minimizing sodium, and double sodium adduct formation, thus more reliable in quantitation. However, a few percentages of sodium 
adducts is acceptable and would be used for additional confirmation of deprotonated ion species. Additional confirmation of sequence and possible 
modification, and contamination were carried out with ddMS2, data-dependent ms2 data. The data analysis was done by commercial software 
in an automatic fashion. The fragment sequence coverage map from ddMS2 of multiple charge states per fragment provides complementary 
information and more confident sequencing confirmation. 

(3) mRNA 3’ poly A tail analysis, the 3’-polyadenosine (poly-A) tails of the demo mRNA were cleaved from the mRNA using ribonuclease T1 and 
isolated by dT magnetic beads. The oligo dT beads are a common tool for mRNA, and they work efficiently. However, it is important to minimize the 
bias in dT extraction efficiency, and the bias of capturing longer poly-A tails in a mixture of distribution. The isotopic resolving mass spectra of 
poly-A tail were acquired by multiplexing selected ion monitoring mode with an optional low-pressure mode. The low HCD collision cell collision gas 
pressure was optimized (from factory default). The optimized low-pressure mode enables much better signal-to-noise for large oligonucleotides 
in negative mode. The QEHF, D20 high field orbitrap, offers about 2X faster transient, thus much less free induction decay FID, and significantly 
improved the large oligonucleotide signal-to-noise. The 3’ mRNA poly-A tail length distribution is important to understand its function.  The poly-A 
tail measured is the distribution of lengths of 109 to 120 nucleotides. None of mRNA has a single Poly-A tail length. The narrow poly-A tail length 
distribution matches mRNA standard data from Sanger sequencing analysis by the manufacturer. 

Conclusion 
mRNA bottom-up sequence mapping, the data has shown that this high-resolution LC-MS/MS approach with minimum sample preparation is more 
sensitive than classic Sanger sequencing, and provides higher throughput than next-generation sequencing. It can be used as an orthogonal 
technique to Sanger sequencing, next-generation sequencing, and minimize the artifacts. It is sensitive enough for the detection of the sequence 
of minor impurities as low as 1% abundance. The sequence coverage of the modified mRNA tested is sufficient, ~ 85 -90%.  
mRNA 3’ poly-A tail analysis by ultra-high resolution orbitrap mass spec generates isotopic resolving spectra. It is capable of 1-5 ppm mass 
accuracy, beyond the single-nucleotide resolution. The isotopic resolving spectra offer highly confident confirmation vs non-isotopic resolving 
spectra, which is more common with non-FTMS. The poly-A tail analysis time is short, 5-6 hours, and most of that time spent is for nuclease T1 
cleavage. 

mRNA 5’ capping analysis with orbitrap mass spec coupled to an uHPLC was proved to be a reliable and powerful solution for quantitation and 
sequencing confirmation of mRNA 5’ capped oligo. 
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Importance of Critical Reagent Characterization in Biologics Drug Development: Case studies from PK and NAb Assays

Mahadevan Lakshminarasimhan, Dong Hun Lee, Tatyana Yun, Linlin Luo, Weifeng Xu, James Schiller and Yang Xu 
(Merck Co. & Inc., West Point, PA)

Purpose
Critical reagents play an important role in ligand binding assays, where their quality has profound effects on key assay attributes such as specificity 
and sensitivity, thus placing higher emphasis on thoroughly characterizing such reagents. During troubleshooting ligand binding assays, critical 
reagents are often the first suspects, and their analysis helps in identifying the root cause for poor assay performance. Towards this end, we 
present 2 case studies that use aSEC (analytical size exclusion chromatography) and HRMS (high resolution mass spectrometry) techniques to 
characterize critical reagents. Our investigations revealed protein aggregation and insufficient conjugation to be the reason for unsatisfactory 
assay performance. Possible strategies to prevent such failures are presented.

Methods 
Analytical SEC (aSEC) was performed on a standalone Waters Acquity UPLC (Waters Corporation, Milford, MA) equipped with a PDA detector, using a 
BEH200 (1.7 μM, 4.6 mm × 150 mm) column and 1x PBS as the mobile phase. Incorporation ratio of conjugated mAbs was determined by intact mass 
analysis method on a QE Plus Orbitrap Mass Spectrometer (ThermoFisher, Waltham, MA) after the conjugates were separated using a mAbPac™ 
Reversed Phase HPLC Column (4 μm, 2.1 mm x 50 mm) on a Waters Acquity UPLC (Water Corporation, Milford, MA). The HRMS was operated in a 
positive ESI mode with HESI source. The mobile phases were 0.1% FA in water and 0.1% FA in ACN.

Results 
Case study 1 (troubleshooting PK assay): aSEC revealed aggregation of critical reagents to be the main reason behind poor assay performance. 
Case study 2 (troubleshooting NAb assay): HRMS revealed insufficient biotinylation to be the reason behind unsatisfactory assay performance.

Conclusion
The investigation of critical reagents presented here underscores the importance of generating high quality reagents via careful characterization 
and implementing proper quality assurance measures. We believe this will lead to reagent consistency, which may translate to successful assay 
outcomes resulting in saving valuable time and resources.
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A Novel Strategy for Quantitative Analysis of Ligand-conjugated siRNA in Mouse Tissues and Plasma with LC-MS/MS

Xue (Serena) Shui, Jianzhong Chen, Xiao-Yi Xiao, Guangnong (Sunny) Zhang
Dicerna Pharmaceuticals, Inc., a Novo Nordisk company, Lexington, MA 02421

Purpose
Quantitation of siRNA drug levels in tissues and plasma provides basic information on the in vivo biodistribution and elimination, which is critical for 
chemistry designs, pharmacology studies and results interpretation. Ultra-High-Performance Liquid Chromatography-tandem Mass Spectrometry 
(UHPLC-MS/MS) is a powerful tool for quantitative analysis of siRNA drugs. The aim of this study was to develop a robust, selective, and accurate 
UHPLC-MS/MS method for measuring ligand-conjugated siRNA in mouse tissues and plasma and explore the possibility of using plasma as a 
surrogate matrix to prepare various tissue samples to simplify this assay.

Methods 
• Tissue homogenization: Liver, muscle, and adipose mouse tissues were homogenized in K2EDTA mouse plasma (1:5 weight to volume).
• Standards and quality control samples: A series of calibration standards of siRNA were prepared in plasma (range 10 - 2000 ng/mL). Quality 
control samples were prepared in plasma and tissue homogenates individually at 10, 30, 500, and 1500 ng/mL for the assessment of assay 
accuracy and precision.
• Sample extraction: Proteinase-K digestion was applied followed by clarity OTX SPE (Solid Phase Extraction).
• UHPLC-MS/MS analysis: Carried out on an Agilent UHPLC system coupled to a Sciex 6500+ QTRAP in ESI negative mode. The separation was 
performed using a Waters Oligonucleotide BEH C18 column (2.1 x 50 mm, 1.7 μm) at 70°C using mobile phase A (water: methanol, 9:1, v/v) and B 
(water: methanol: acetonitrile, 1:7:2, v/v/v) both containing 1% HFIP (1,1,1,3,3,3-hexafluoroisopropanol), 0.25% DIPEA (N, N-diisopropylethylamine), 
and 2.5 μM EDTA (ethylenediaminetetraacetic acid).

Results 
Targeted ligand-conjugated siRNA was monitored with a limit of quantitation (LOQ) of 10ng/mL. The standard curve was linear from 10 - 2000 ng/
mL in plasma with a regression coefficient r> 0.9900. The accuracy and precision across tissue homogenates and plasma at each concentration 
were within ± 20%, which was acceptable and met our criteria. Additionally, with SPE extraction, the use of plasma as a surrogate matrix for siRNA 
analysis allowed using plasma standard curve for quantitation of both plasma and plasma-diluted tissue samples in a pharmacokinetic study.

Conclusion
A novel strategy to quantify siRNA in biological matrices was successfully developed and qualified. Using plasma as a surrogate matrix was 
convenient for tissue sample preparation and allowed for the generation of one standard curve across all tissue types examined. The novel 
established approach was successfully applied to ongoing siRNA PK/ADME studies to facilitate siRNA drug discovery and development.
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Sensitive bioanalysis of galactosylsphingosine (GalSPH) and glucosylsphingosine (GluSPH) in cerebral spinal fluid

Jack Steed1, Jessica Smith1, Freddy Oostebring2, Jianru Stahl-Zeng3, Matthew Stone4

1SCIEX, UK; 
2Ardena Bioanalysis Assen, The Netherlands; 
3SCIEX, Germany; 
4SCIEX, USA

Purpose
Galactosylsphingosine (GalSPH) and glucosylsphingosine (GluSPH) are useful biomarkers for several diseases, such as Krabbe and Gaucher disease. 
GalSPH and GluSPH are also potential biomarkers for carriers of the heterozygous mutated GBA1 gene, which is involved in Parkinson’s disease. 
Therefore, it is critical to develop accurate and sensitive analytical methods to quantify GalSPH and GluSPH. These biomarkers are measured in 
cerebral spinal fluid (CSF), since it represents the closest matrix for accurately monitoring changes in the brain. As is common with biomarker 
analysis, several assays are performed on a single sample when quantifying GalSPH and GluSPH in CSF. Since this results in sample volume 
limitations, sensitive analytical techniques are crucial for this analysis, and as GalSPH and GluSPH are isomers, separation is also important. Here, 
a highly sensitive method was developed where hydrophilic interaction chromatography (HILIC) was applied for baseline separation of GalSPH and 
GluSPH for accurate and sensitive quantification using a high-end triple quadrupole mass spectrometer.

Methods 
Standards for GalSPH and GluSPH and their deuterated internal standards, GluSPH-D5 and GalSPH-D5, were obtained from Avanti Polar Lipids. 
Standards were prepared in surrogate CSF across a range of concentrations suitable for analyzing endogenous levels of the CSF samples, with the 
deuterated internal standards held at a constant concentration. Sample preparation was performed using a methanol extraction followed by solid 
phase extraction. Isomer separation of GalSPH and GluSPH was achieved using HILIC. The samples were then analyzed on both the QTRAP 6500+ 
system and the SCIEX 7500 system. MRM analysis was performed using electrospray ionization in positive polarity.

Results 
HILIC enabled baseline separation of GalSPH and GluSPH isomers. A concentration range of 0.001–1 pmol/mL was evaluated. Calibration curves 
of both biomarkers indicated strong linearity with correlation coefficients (r2) >0.99 covering up to 3 orders of magnitude in linear dynamic 
range (LDR). Overall, the accuracy was within ±7% of the nominal concentration for GluSPH and ±15% of the true concentration for GalSPH for all 
the concentrations analyzed. The %RSD was <10% for both biomarkers at all concentration levels measured. When compared with a previous-
generation QTRAP 6500+ system, a signal-to-noise improvement of 2.4x–6.5x and 3.2x–6.7x was achieved for GluSPH and GalSPH, respectively.

Conclusion
In summary, a highly sensitive and accurate HILIC-MS/MS method was developed for the monitoring and quantification of GalSPH and GluSPH in 
surrogate CSF.
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Understanding metabolism of novel lipids for mRNA vaccines and therapeutics using LC/MS/MS

Ashish Vaswani, Srujan Gandham, Christopher Rowbottom, John Wickwire, Doug Burdette, and Serenus Hua

Background
Novel lipids Lipid 8 and polyethylene glycol-2000-dimyristoyl-glycerol (PEG-DMG) form an integral part of the lipid nanoparticles (LNP) that coat 
and protect mRNA medicines. Lipid 8 is an ionizable lipid that facilitates cytosolic transport and helps protect mRNA from extracellular nucleases. 
PEG-DMG increases the in vivo stability of LNP by decreasing particle aggregation, opsonization, and phagocytosis, prolonging circulation half-life. 

Purpose
Based on FDA guidance for nonclinical safety testing of drug metabolites, metabolites of Lipid 8 and PEG-DMG in conventional animal models need 
to be identified and profiled. Any metabolites unique to humans (i.e., not found, or present at markedly lower levels in conventional animal models) 
also need to be identified.

Methods 
In vitro studies of Lipid 8 were performed by dosing rat, non-human primate (NHP), and human hepatocytes with Lipid 8 LNP; then identifying the 
resulting metabolites by de novo structural characterization using a combination of retention time, accurate mass, and MS/MS fragmentation. The 
in vivo metabolism of Lipid 8 was further confirmed by analyzing rat plasma, urine, and bile following IV infusion of live animals with Lipid 8 LNP. 
LC-HRMS signal was used for semi-quantitative profiling.

In vitro studies of PEG-DMG were performed by incubating rat, NHP and human sera with PEG-DMG; then identifying the resulting metabolites by 
matching retention time, accurate mass, and MS/MS fragmentation with synthesized standards.

The metabolite identification (MetID) workflow utilized an Agilent 1290 UHPLC, an Agilent 6550 Q-TOF, and Mass-MetaSite software to 1) evaluate the 
presence of expected metabolites from biotransformation via phase I and phase II metabolic pathways; and 2) identify unknown metabolites via 
LC-HRMS differential analysis and MS/MS structural elucidation.

Results 
MetID of Lipid 8 revealed twelve total metabolites, with five metabolites detected in hepatocyte cultures, eight detected in plasma, four detected 
in urine, and all twelve detected in bile. No human-specific metabolites were detected. Generally, urine contained more hydrophilic, lower MW 
metabolites (M1-M4) whereas plasma and bile contained more hydrophobic, higher MW metabolites. Lipid 8 was the predominant species in 
circulation over the sampling period of 24 hours. Lipid 8 concentrations fell to <10% and <1% of the maximum level in plasma by 6 h and 24 h post 
dose, respectively. 

MetID of PEG-DMG revealed two metabolites: polyethylene glycol- monomyristoyl-glycerol (PEG-MMG) and polyethylene glycol (PEG-OH). No human-
specific metabolites were detected. In vitro, PEG-DMG decreased by 81% over the course of 24 h; PEG-OH increased by 418-fold over the course 
of 24 h; and PEG-MMG increased by 270% during the initial 2 h but then declined by 91% (relative to initial levels at time point 0) from 2 to 24 h. 

Conclusion
Both the in vitro and in vivo studies of Lipid 8 show that metabolites are formed primarily by ester hydrolysis and beta oxidation. As a result, 
Lipid 8 is largely cleared via the renal and hepatic routes of administration. The in vitro studies of PEG-DMG show that metabolites are formed 
primarily by ester hydrolysis, presumably enzymatic, with much higher rates of degradation observed in rodent sera (which contains comparatively 
higher abundances of esterases). In vivo studies to understand PEG-lipid metabolism in rats vs NHPs are ongoing. This research will improve our 
understanding of the metabolism of novel LNP components used in nucleic acid vaccines and therapeutics and provide information about the 
specific biotransformations involved in clearance of these novel lipids.
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Exploring the Potential of Noviplex Cards for Pharmacokinetics Analysis of Giredestrant in Human Plasma by LC-MS/MS

Thomas Tang, Jonathan Wang, Liuxi Chen, Xiaorong Liang, Brian Dean
Department of Drug Metabolism and Pharmacokinetics, Genentech Inc., South San Francisco, CA 94080

Purpose
In this study, we comprehensively investigated the feasibility of applying Noviplex card for drug pharmacokinetics (PK) analysis in human plasma, 
which could provide an advantageous alternative to conventional venous blood for drug quantitation.

Noviplex card is a next generation card-based sampling technology for rapid dried plasma spot (DPS) collection. Unlike previous techniques, 
Noviplex collects dried plasma samples instead of whole blood. Therefore, it retains most benefits of microsampling at collection and transportation, 
while avoiding disadvantages of dried blood samples, such as non-homogeneity of analytes distribution caused by hematocrit variations or 
discrepancies.

Methods 
• Dried plasma discs were prepared following the manufacturer’s instructions. Briefly, 70 μL blood sample was deposited into the sample port of 
the Noviplex card. The top layer was peeled off after 3 min, and the plasma collection discs were air-dried for 15 min before further processing.
• Giredestrant was extracted from dried plasma discs by the optimized solvent, and further purified by supported liquid extraction (SLE).
• Online LC-MS/MS analyses were carried out on a Shimadzu LC-30AD (Kyoto, Japan), coupled with a Sciex API 5500 triple quadrupole mass 
spectrometer (Framingham, MA). The mass spectrometer was operated at positive electrospray ionization (ESI) mode. The MRM transitions were 
monitored for Giredestrant and its internal standard (IS).
• The potential applications of Noviplex cards in drug PK analysis were evaluated via careful investigations of several key parameters, including 
precision and accuracy, sensitivity, matrix factor, matrix stability and recovery. Those parameters were chosen according to Bioanalytical Method 
Validation Guidance for Industry released by US FDA in 2018.

Results 
• The sensitivity was assessed by peak shape, signal to noise ratio (S/N) and quantitation accuracy. Chromatograms of low limit of quantitation 
(LLOQ) indicate sufficient sensitivity.
• The results did not show any obvious matrix suppressing or boosting effect, indicating minor matrix factors.
• The results indicate that the consistent extraction recovery of around 80% can be achieved across the calibration curve range.
• The stability of Giredestrant in dried plasma discs at ambient temperature were assessed at different QC levels. The results indicate up to one 
month stability at ambient temperature.

Conclusion
•  The potentials of applying Noviplex cards for LC-MS/MS PK analysis of Giredestrant in human plasma have been comprehensively explored.
• The method with Noviplex cards demonstrated good sensitivity, recovery and stability that meet requirements of PK analysis of clinical studies.
• Further optimization would be necessary to improve the filtration efficiency and consistency of the Noviplex cards.
• This study reveals the potentials and limitations of the Noviplex card. These findings provide a better understanding of the capabilities and risks 
for other researchers when considering using Noviplex for drug quantitation in plasma.
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Highly selective and sensitive hybridization-based assay for quantification of ASOs drug using signal amplification method

Yuya Ono1), Takuro Akiya1), Funa Ogawa1), Koichi Shibusawa1), Tetsuo Sekino1), Akira Ideno1), Masako Osawa1), Takao Suzuki2), Masaki Yamagami2) and 
Tadashi Umemoto2)

1) SEKISUI MEDICAL CO., LTD.
2) Luxna Biotech Co., Ltd.

Purpose
In general, quantitative bioanalysis methods for antisense oligonucleotides (ASOs) drug are instrumental analysis using LC-MS/MS, and hybridization-
based ligand-binding assay (LBA). Major advantages of LBA are simple pretreatment and high sensitivity comparing with instrumental analysis. 
However, the performance is not sufficient to quantify full-length ASOs in the presence of its metabolites. Despite complex and time consuming 
sample treatment, hybridization-based method usually uses enzyme (for example, S1 nuclease) to obtain selective quantification of the full length 
ASOs in the presence of metabolites. 

In this study, we aimed to develop a novel highly selective and sensitive hybridization-based method for ASO to discriminate metabolites without 
enzymatic reactions to solve the problems of conventional bioanalytical methods.

Methods 
As the analytes, three kinds of 15-mer ASO having a common nucleic acid sequence were used. The three ASOs have phosphorothioated gapmer 
structure consist of DNA in the gap region and the three modified nucleotides such as LNA, AmNA and scpBNA at both prime end of the wing region. 
The Luminex 100/200 system was used as assay platform. Firstly, short length (7-mer) capture probe (CP) modified by LNA was immobilized on the 
Luminex fluorescent beads so that 5’ end of ASO hybridize with the CP. Next, after the hybridization with CP, assist probe (AP) was also hybridized 
with ASO on the beads. 3’end of AP has polyA sequence as a scaffold for a signal amplification reaction. And the 5’ end has complementary region 
against ASO, and then the signal amplification reaction by the “PALSAR” was performed. PALSAR is a signal amplification method using a pair of 
probes comprising three regions of X, Y, Z and X′, Y′, Z′, respectively. Since X and X′, Y and Y′, Z and Z′ are complementary to each other, their 
consecutive hybridization becomes to form a self-assembly like a honeycomb structure. The two probes, called honey comb probe (HCP-1, HCP-2), 
were biotinylated. HCP-1 has a polyT sequence in the X region to hybridize with AP, so that the self-assembly form with the biotinylated honeycomb 
structure is linked on the Luminex beads via CP-ASO-AP. Finally, the phycoerythrin labelled avidin can be coupled to the self-assembly form via 
biotinylated HCP. Thereby fluorescence signal is amplified with ASO concentration dependent manner.

We assessed the sensitivity of ASO and intra- and inter-day precision in mouse plasma and several tissue homogenates (mouse liver, kidney, brain 
and muscle).  We also evaluated robustness of the assay, measuring mixture of full-length ASO and its 3’n-1 metabolites. 

Results 
The effect of PALSAR signal amplification was assessed by quantification measuring of AmNA and scpBNA (LX-A0237) modified ASO in mouse 
plasma. PALSAR method achieved 1.5 - 3 pg/mL of detection limit and dose-response curve was in good agreement with wide concentration range 
of 1.5 – 150pg/mL (LX-A0236; LNA) or 3 - 300 pg/mL (LX-A0011; AmNA, LX-A0237; AmNA-scpBNA). The signal was increased approximately 10 times 
comparing with the conventional hybridization method.

Then, the back-calculated value of standard curve of LX-A0237 and intra- and inter-day precision were evaluated in mouse plasma, liver, kidney, 
brain and muscle homogenates. The accuracy was determined 95.0 - 106.1%, and intra- and inter-day precision showed 1.6 - 12.1% in the 
concentration range of 6 - 600 pg/mL in mouse plasma. In liver homogenate, the accuracy and precision in the concentration range of 3 - 300 pg/
mL was determined 89.9 - 112.7% and 0.5 - 10.6%, respectively. Furthermore, in liver, kidney, brain and muscle homogenates in the concentration 
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range of 1.5 - 150 pg/mL, the accuracy and precision was 86.8 - 119.1% and 0.5 - 17.2%, respectively.

Next, LNA modified ASO (LX-A0236) was used to evaluate the effect on quantification of the full-length form in the presence of its single nucleotide 
metabolites at 3’ or 5’ end. The cross-reactivity was less than 1% for the concentrations of 1.5, 15, and 150 pg/mL of the full-length assay, even in 
presence of the same concentration of its single nucleotide metabolites at 3’ end. In the presence of the same concentration of single nucleotide 
metabolites at 5’ end, the cross-reactivity was 7 - 10%. These results indicate that the PALSAR method using short length (7-mer) probe was highly 
selective and sensitive for the quantitative measurement of full-length form in the presence of its metabolites.

Conclusion
PALSAR method for the measurement of ASOs was developed in this study. This novel method was hybridization-based and enzyme-free assay, and 
achieved highly selective and sensitivity in mouse plasma or various homogenates. The effect of single nucleotide metabolites was 10% or less 
(the cross-reactivity of 3′ n-1 isomer was 1% or less). The sensitivity demonstrated low pg/mL LLOQ (lower limit of quantification). The intra-and 
inter-day precision was also excellent. The outcome of this study can be proposed as a useful bioanalysis method for ASOs measurement.
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A novel ADA screening assay for immunogenicity testing of oligonucleotide drug using PALSAR technology

Tetsuo Sekino, Akane Omori and Akira Ideno
Analytical Technology Center for Drug Development, R & D division,
SEKISUI MEDICAL CO., LTD.

Purpose
Anti-drug antibody (ADA) screening testing by bridging assay for oligonucleotide drug development has not been reported. Approved oligonucleotide 
drugs mainly used direct ELISA. In this study we aimed to assess the feasibility of using PALSAR* technology as a signal amplifier by developing 
high sensitivity antibody bridging assay model.
*Probe Alteration Link Self-Assembly Reactions

Method 
We applied PALSAR technology to amplify the signal of Meso Scale ECL-based ADA bridging assay, and selected the anti-sense oligonucleotide drug 
GTI-2040 as a capture and detection Probe (which work as antigen). Prime end of GTI-2040 was modified by digoxigenin (Dig). Anti-Dig mouse 
monoclonal antibody was used as ADA surrogate antibody (ADA-sa). ADA-sa was spiked into normal human serum, and we measured the samples 
without acid dissociation step. We optimized the concentration of each probe and compared the bridging assay model with and without signal 
amplification. Finally, we determined cut-point and analytical sensitivity, and evaluated accuracy, precision, and drug tolerance.

Results 
The PALSAR bridging assay model achieved a net signal 20-40 times higher than that of conventional method when 98-50000 ng/mL of ADA-sa 
were measured. After the method optimization and cut-point determination, analytical sensitivity achieved 48.8ng/mL, which is 2 times higher 
than 100 ng/mL of FDA guidance recommendation. Measurement range of anti-Dig Ab was determined 48.8–6250 ng/mL within acceptance criteria 
of back-calculated value across 3 independent runs. The accuracy showed 92.6-112.8% in day1, 92.8~110.6% in day2 and 90.7~109.3% in day3. No 
hook effect was observed. Intra/inter-assay precision was determined by calculation of percentage CV, and demonstrated excellent precision. 
Average CV across 6 runs for intra-assay was 4.4-7.6% and 3 runs for inter-assay was 4.1-5.8%. Drug tolerance was >128, 64, 16, and 4nmol/L when 
6250, 625, 125 and 48.8 ng/mL of antibody is present, respectively.

Conclusion 
The PALSAR technology was applied to amplify the signal of MSD ECL-based immunoassay, and antibody bridging assay model was successfully 
developed by using GTI-2040 as capture and detection probe. The PALAR bridging assay model demonstrated significant increase of ECL signal 
compared with conventional assay, showing analytical sensitivity of 48.8ng/mL and measurement range up to 6250 ng/mL in human serum. 
PALSAR technology was feasible to develop an antibody bridging assay using oligonucleotide drug as a capture and detection probes.
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continue to expand, more and more pharmaceutical and biotechnology companies have taken advantage of our integrated drug discovery and 
development services.

SCIEX Transform the capacity and capability of your biologics pipeline with complete end-to-end solutions from SCIEX that make your lab more 
productive, and more successful. With a longstanding track record in pharma discovery, development and manufacturing, our unparalleled application 
knowledge with best-in-class hardware, software and support all integrate to revolutionize your lab. 
https://sciex.com/applications/pharma-and-biopharma
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