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MSIA: Definition & Key Features

« Mass Spectrometric Immunoassay (MSIA).
* Includes single-step immuno-affinity capture in preparation for MS.

* The internal reference standard (IRS) is a modified version of the
targeted protein.

* The IRS is spiked in the sample at the beginning of the assay.
* A single antibody retrieves both the targeted protein and the IRS.

« MSIA works with other immunoafinity-MS approaches.




MSIA general workflow
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MSIA workflow: Universal Tips
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Insulin-like Growth Factor (IGF-1) MSIA

* IGF1 is complexed with IGFBPs. Existing EIAs use acid/ethanol
extraction or competitive binding of IGFBPs with IGF2 - designed a
simple extraction protocol that does not interfere with IGF1 binding to
its antibody on the MSIA-Tips (30 min, SDS).

« Used 1 ug Ab per MSIA-Tip

* Internal Reference Standard: Long R3 IGF1 -
competes with IGF1 for the IGF1 antibody

Long™R'IGF

 Calculate the area ratio for the N-terminal peptides for IGF1/LR3

» Data comparison: IGF1 ELISA




IGF1 MSIA: standard curve example

IGF1 MSIA (IGF1 tips) [IGF1] Area Ratio
12 y = 0.007x - 0.0476 1500 ng/mL 10.53
10 RE=0.999 2 1000 ng/mL 6.64
I 500 ng/mL 3.54
g . ¢ 100 ng/mL 6.27e-1
5 25 ng/mL 9.03e-2
‘ / 10 ng/mL 2.546-2
’ / 5 ng/mL 1.27e-2
0 ¢ 1 ng/mL 5.75e-4

0 200 400 600 800 1000 1200 1400 1600
[IGF1] (ng/mL)

* 1 ng/mL to 1500 ng/mL linear dynamic range
* 1 ng/mL LOQ
* 1 ng/mL LOD




Protein A/G - IGF1 MSIA tips: standard curve example

Area Ratio
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* 1 ng/mL to 1500 ng/mL linear dynamic range

* 1 ng/mL LOQ
* 1 ng/mL LOD




Protein A/G - IGF1 MSIA tips: reproducibility

Protein A/G tips IGF1 MSIA
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y = 0.0024x - 0.0225
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0 /@/ ¢ Calibrants ® Samples
0 200 400 600 800 1000 1200
[IGF-1] (ng/mL)
Run 1 Run 2 Run 3
Tip #1 159 ng/mL 135 ng/mL 131 ng/mL
Tip #2 164 ng/mL 155 ng/mL 141 ng/mL
Protein A/G Tip #3 175 ng/mL 157 ng/mL 145 ng/mL
AVG 166 ng/mL 149 ng/mL 139 ng/mL
% CV 4.1% 6.7% 4.1%




IGF1 MSIA assay characteristics

Intra-assay CVs (n=3 measurements) Inter-assay CV (n=3)
sample 1 sample 2
Sample 1 2 3 4 5 6 STDEVP 9.31 5.91
MEAN (ng/
STDEVP: 10.85 11.78 10.98 19.51 7.68 19.52 mL) 152.61 207.75
MEAN (ng/mL):  156.00  161.933  139.90  216.10 _ 203.13 _ 204.03 cv 6.10 2.85
CV: 6.96 7.28 7.85 9.03 3.79 9.75
Linearity Spiking recovery
Sample Dilution Observed  Expected  Recovery Sample Observed  Expected  Recovery
1 306.4 1 70.43
2x 145.8 153.20 95.2 245.54 257.93 95.2
Ax 72.7 76.60 94.9 428.94 445.43 96.3
8x 39.1 38.30 102.1 2 133.09
2 239.0 346.37 320.59 108.0
) 557.98 508.09 109.8
2X 131.40 119.50 109.9
4x 57.30 59.70 95.9
8x 34.20 29.90 114.5




IGF1 tryptic peptides MSIA vs ELISA: n=20 serum samples
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Universal Tips and Magnetic Beads: Pros and Cons

Universal-Tips

Speed is a main advantage

Conceptually simple, compact, easy to use
Designed for small volume samples

Not designed for large scale preparations
Designed for MS-based HT approaches

The reagents never leave the tip

New to market

Enable complete Thermo workflow

Magnetic Beads

Tedious assaying if performed manually

Handling can be tricky
Recommended beads volumes ~ 50 uL

Scalable
Not an easy fit for HT MS approaches

Many solution transfers, possible beads loss

Well established

Offered by many suppliers
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MSIA key advantage: Protein variants detection
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MSIA example: Parathyroid hormone (PTH)

 PTH is produced in the parathyroid glands through the two-step
conversion of pre-pro-PTH (115-amino acids) to pro-PTH (90-amino
acids) to the 84-amino acid peptide (PTH1-84).

* The hormone is secreted into the circulatory system to produce basal
(healthy) concentrations of ca 15 — 65 pg/mL and is assayed to assist
in the diagnosis of hypo/hyperparathyroidism, hypercalcemia and in
monitoring for renal osteodystrophy in patients with end-stage renal
failure.

« Conventional PTH assays typically rely on two-antibody recognition
systems coupled to a variety of detection modalities (e.g., enzymatic
amplification, electrochemiluminescence and fluorescence).

« There is a need for more specific assays that can accurately
quantify different clinical variants.
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PTH SRM MSIA peptide selection: 4 fully tryptic and 2 semi
tryptic (variant specific) peptides for SRM

PTH Variant Map Variant or
Residue Number SRM Fragment

N 20 40 60 80
[1-84]

-84 >

[37-84]
[38-84]
[45-84]

[28-84]

B [48-84]
j [34-77]

[37-77]

[38-77]

[1-13]

SVSEIQLMHNLGK [7-13]

[14-20]

HLNSMER | QDVHNFVALGAPLAPR [28-44]

[34-44]

ADVNVLTK 72,801

C
j LMHNLGK

/ FVALGAPLAPR

Variant specific
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PTH SRM MSIA characteristics
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LQDVHNFVALGAPLAPR (aa28-44) SVSEIQLMHNLGK (aa1-13)

* IRS: heavy labeled peptides

* R2 =0.90-0.99

* LOD for intact PTH ~8 ng/L

« LOQ for the 2 peptides above - 31 ng/L and 16 ng/L, respectively.
* CV: 5-9%
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PTH Data from multi-site study

U Wash COBAS immunoassay vs

BRIMS MSIA-SRM
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Cobas_refrig
Beckman_refrig
SVS
HLN
LQD
ADV
VAL
FVAL

Cobas_refrig
1.00
0.98
0.92
0.95
0.97
0.89
0.76
0.96

Beckman_refrig
0.98
1.00
0.96
0.98
0.99
0.86
0.71
0.95

SVS
0.92
0.96
1.00
0.97
0.96
0.78
0.65
0.87

HLN
0.95
0.98
0.97
1.00
0.97
0.81
0.68
0.90

LQD
0.97
0.99
0.96
0.97
1.00
0.87
0.72
0.96

ADV
0.89
0.86
0.78
0.81
0.87
1.00
0.70
0.90

VAL
0.76
0.71
0.65
0.68
0.72
0.70
1.00
0.80

FVAL
0.96
0.95
0.87
0.90
0.96
0.90
0.80
1.00
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PTH screening: renal failure (n=12) vs. normal samples (n=12)

LQDVHNFVALGAPLAPR (aa28-44) SVSSEIQLMHNLGK (aa1-13) HLNSMER (aa14-20)
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Conclusions

 Excellent analytical performance

» Accurate protein quantification

 Importance of IRS inclusion at the beginning of the method
» Simple design and execution

» Applicable to many protein targets
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