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INTRODUCTION METHOD OPTIMIZATION DATA

CONSTRAINTS AND CONSIDERATIONS 

Biomarker assay development in tissues can pose multiple challenges 
including complete extraction of the protein from the tissue, wide 
endogenous ranges, immunocapture (IP) reagent availability, co-
interactions with other proteins limiting successful IP extraction. BAG3 is a 
clinically relevant cardiac biomarker, with mutations linked to familial 
dilated cardiomyopathy, and exists in complex with its binding partner 
HSPB8 protein. Simultaneous quantitation of both proteins from limited 
heart tissue is analytically challenging. Current work showcases the 
challenges in the development of a multiplexed hybrid LC-MS/MS assay to 
quantify levels of both BAG3 and HSPB8 from a single human heart tissue 
sample using complementary offline and online immunoaffinity 
enrichment strategies. Method development included optimization of 
tissue homogenization process, identifying the right surrogate matrix, and 
evaluating multiple enrichment strategies. Upon method optimization, a 
combined offline and online approach was adopted from a single post-
digest sample split, minimizing sample consumption while maintaining 
assay performance. 

Carryover

Single sample was digested and split assay was developed to tackle 
carryover issue with biomarker 1.  A plate-based anti-peptide IP eliminated 
the need for on-line Ab column and trap before MS analysis. Cause for 
carryover was identified to be with Ab column and trap for ELL peptide

RESULTS

CONCLUSION
A multiplexed hybrid LC-MS/MS method was 
successfully developed and fully validated for a fit for 
purpose context of use (CoU) format for the 
simultaneous quantitation of BAG3 and HSPB8 in 
human heart tissue over a concentration range of 5–
5,120 ng/mL with an acceptance criteria set at ±25%. 
During method development, parameters evaluated 
included optimal homogenization ratio and buffer 
selection, surrogate matrix, quality control 
concentrations, parallelism, selectivity, accuracy and 
precision, sensitivity, matrix effects, stability, dilution 
integrity, and reference standard performance. The 
validated multiplex assay was further qualified in non-
human primate and mouse heart and liver tissues, 
demonstrating translatability across species and 
matrices. A single-sample, split-workflow multiplex 
biomarker quantitative hybrid LC-MS/MS method in 
tissue samples using online and offline IP in tandem 
was successfully developed and validated under ICH 
M10 guidance.

HYBRID LC-MS/MS WORKFLOW 
WITH PEPTIDE-LEVEL CLEAN-UP

Human Heart Tissue
Biomarker 1 Biomarker 2

460 - 5000 ng/mL "Normal" Level 
Ranges

280 - 3000 ng/mL

5-5120 ng/mL Std Curve 
Range 5-5120 ng/mL

50x diluted Quality control 
basal sample 50x diluted 

1x RIPA Buffer Diluent 1xRIPA Buffer
non-dilute to 200x 

dilute Parallelism non-dilute to 
200x dilute

Direct digest with 
anti-peptide Ab IP Extraction

Direct digest with 
anti-peptide Ab 

IP

Offline anti-peptide 
Ab IP to minimize 
Carryover issues

Approach 
Utilized

On-line Ab 
column to 
maximize 
Recovery

Parallelism

Parallelism was successfully established up to 200-fold for both biomarkers

Surrogate Curve and Matrix 
Quality Controls

1x RIPA buffer was used as a surrogate matrix for a 2-
plex assay. Based on the endogenous values detected, 
standard curve range was set from 5-5,120 ng/mL. Due 
to limited tissue availability, single sample volume of 25 
µL was utilized to quantitate levels of both biomarkers 
implementing a split assay format. A 50x dilution was 
employed to prepare matrix QCs to bring the 
quantitation levels within the range of the curve. This 
decision was supported with the parallelism data 
obtained.
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