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Introduction

Human growth hormone (somatotropin or hGH)

hGH is predominantly a 191-amino acid single-chain
polypeptide hormone synthesized, stored, and secreted
by the somatotroph cells of the anterior pituitary gland.

hGH acts directly or via stimulation of IGF-1 production in
the liver to produce anabolic changes in tissues
(e.g. bone and muscle growth).

Diseases generally involve either deficiency
(e.g. short stature) or excess (acromegaly)
in hGH levels.

(http://chemistry.umeche.maine.edu/MAT500/Proteins9.html)
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Historical hGH assay issues

Measuring blood levels of growth hormone (GH) during
dynamic tests is the basis for diagnosing GH related disorders
— either deficiency or excess (acromegaly).

A wide variety of immunoassays are in use; however,
variability between assay results exceeds 200%, limiting the
applicability of consensus guidelines in clinical practice.

Reasons for the disparity in GH assay results include the
heterogeneity of the analyte itself, the different preparations
used for calibration, and interference from matrix components
such as GH-binding protein.
Bidlingmaier S, Problems with GH assays and strategies toward standardization,
European Journal of Endocrinology 2008 159 S41-S44.

Bidlingmaier S, Freda P, Measurement of human growth hormone by immunoassays:
Current status, unsolved problems and clinical consequences,
Growth Hormone & IGF Research 20 (2010) 19-25.




hGH bioanalysis methods

Immunoassays: standard approach for clinical
diagnostics; many platforms using sandwich Abs

LC-MS/MS: reported but not well-established

Recent published method by Arsene, et al (Analytical
Biochemistry 401 (2010) 228—-2352) used direct whole
serum tryptic digestion followed by isolation of peptides
using 2D semipreparative reversed-phase LC and strong
cation exchange chromatography, and analysis by
isotope dilution mass spectrometry (IDMS).

New method uses immunoprecipitation (IP) with anti-hGH
polyclonal antibodies (PAb) coated on a 96-well plate to
selectively capture hGH from serum, followed by on-
plate tryptic digestion and analysis by LC-MRM.




Somatotropin

Somatropin




Somatotropin (hGH)/Somatropin (rhGH)
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Sequence of 22 kDa human growth hormone. Amino acids 32-
46(grey) are missing in the minor 20 kDa variant (~6%). Signature
peptides T6 (pink) and T1 (blue) are used for LC-MS/MS analysis.

Mario Thevis, Michael Bredehoft, Maxie Kohler, and Wilhelm Schanzer, Mass Spectrometry-
Based Analysis of IGF-1 and hGH, D. Thieme and P. Hemmersbach (eds.), Doping in Sports,
Handbook of Experimental Pharmacology 195, Springer-Verlag Berlin Heidelberg 2010




hGH signature peptides evaluated

Peptide Tryptic Q1 Q3 Q3 Sequence
Fragment m/z m/z lon
465.9
e RIS T1 24) 472.3 y4
470.9
*
FPTIPLSR T1 2+) 482.3 y4
781.8
LHQLAFDTYQEFEEAYIPK T4 24) 244.2 y2
YSFLONPQTSLC(Carboxymethyl)FS 892.3
ESIPTPSNR e 3+) |[0713 y6
YSFLQNPQTSLC(Carboxymethyl)FSE 895.6
SIPTPSNR* T6 3+ |83 yo

NOTE * indicates stable isotope-labeled amino acid

T6 peptide was used for primary quantitation, while T1
peptide was used for qualitative/confirmatory purposes.




Challenge Strategy

®*Molecular heterogeneity of v/ Monitor signature peptide
the analyte (22 kDa, 20 kDa specific to major 22 kDa
(~6%), hetero- and homo- variant(somatropin dosed form)
dimers, multimers)
*Reference standards v Use well-characterized rhGH
standard, WHO 98/574

—
*Binding to high-affinity v'Use polyclonal antibodies to
soluble receptor protein, capture all GH forms (including
GHBP any residual GHBP-bound?)
‘Assa?/] efficLency _hf"llChieve v/ Use 96-well ELISA-type
good throughput while capture plate and automated

minimizing costs processing




Immunoaffinity LC-MRM Assay Workflow

Immobilize biotinylated anti-hGH polyclonal Ab on a high
binding capacity streptavidin-coated 96-well plate

Add 100 pL standards, controls, and samples
Add 50 uL binding buffer. Incubate evernight 2 hr at 4 °C
Aspirate, discard, and wash 3 times

Add 100 pL Waters RapiGest/NH,HCO,/IS, and 10 uL DTT.
Incubate 1 hr at 60 °C

Add 25 uL IAA. Protect from light. Incubate 0.5 hr at RT
Add 10 uL Trypsin. Incubate 2 hr at 37 °C

Add 15 uL HCI. Incubate 0.5 hr at 37 °C

Filter extracts

Inject 20 pL to HPLC.

Monitor MRM transitions on AB Sciex 5000




LC-MS/MS Method

LC-MS System:
« CTC Analytics LC-PAL
 Agilent 1200 Series LC Binary Pump
* AB Sciex API 5000, triple quadrupole LC-MS/MS
 Electrospray positive ionization (+ESI) multiple
reaction monitoring (MRM) mode
HPLC Column:
- Waters BioSuite C18 PA-A, 2.1 mm x 50 mm, 3 um
Mobile phases:
« A: 95:5:0.1 Water / Methanol / Formic Acid, v/viv
* B: 70:25:5:0.1 Acetonitrile / Methanol / Water /
Formic Acid, v/viviv
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rhGH in human serum (T6)

MB/IS LLOQ
0.51 i (2.00 ng/mL)

150
140 600
130 550
120 500
i 450
100
a 90 484 511 a il
o o! o Q
E 4.04 o
= 80 = 350
‘B ‘@
c 70 281 3.85 c 300
E 3.06 4.81 £
= 60 523 - 250
50 3.61
200
o 106 275 4.61
5.50 150
30
a
o 00
10 50
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time, min Time, min
3.86 3.85
1.20e4 1.20e4
1.10e4 1.10e4
1.00e4 1.00e4
9000.00 9000.00
8000.00 8000.00
2 a
© 7000.00 S 7000.00
= 2
2 6000.00 2 6000.00
g 8
= 5000.00 < 5000.00
4000.00 4000.00
3000.00 3000.00
2000.00 2000.00
1000.00 0.68 1000.00 0.68
0.00 0.48 0.84 1 41 052317 351 419 484 000 0.49 0-68 987 4 5 553 352 4.374.75
' 1 2 3 4 5 6 ' 1 2 3 4 5 6

Time, min Time, min




T1 - rhGH calibration standards

Run ID CAL1 CAL 2 CAL 3 CAL 4 CAL S5 CAL 6 CAL7

(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Theoretical 1.00 1.50 2.50 6.00 15.0 40.0 80.0
0.980 1.40 2.25 5.78 15.7 39.3 80.9
0.990 1.78 2.46 6.46 14.8 40.3 73.8
Mean 0.985 1.59 2.36 6.12 15.2 39.8 77.4

% Bias -1.50% 6.00% -5.80% 2.00% 1.60% -0.425% -3.31%

[0 13JAN2011_DNW_StreptavidinPlate.rdb (T1): "Linear" Regression ("1 / (x * x)" weighting): y = 0.0269 x + 0.00451 (r = 0.9961)
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T6 - rhGH calibration standards

Run ID CAL1 CAL 2 CAL 3 CAL4 CAL 5 CAL 6 CAL7 CAL 8
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)

Theoretical 1.00 1.50 2.50 6.00 15.0 40.0 80.0 100
1.02 1.69 2.75 6.15 15.4 39.9 75.5 98.0

0.950 1.29 2.46 5.81 15.7 40.7 77.2 98.6

Mean 0.985 1.49 2.61 5.98 15.6 40.3 76.4 98.3

% Bias -1.50% -0.667% 4.20% -0.333% 3.67% 0.675% -4.53% -1.70%

N 13JAN2011_DNW_StreptavidinPlate.rdb (T6): "Linear” Regression ("1 / (x * x)" weighting): y = 0.0387 x + 0.00189 (r = 0.9969)
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rhGH intra-assay QCs

Peptide

N

Theoretical
Concentration

Mean
S.D.
%C.\V.

%Bias

T1

QCO

16

QCO

(ng/mL) (ng/mL)

0.970
1.02
1.06

0.840

0.950
1.01

1.00
0.980
0.0766
7.86

-2.50

1.04
1.09
0.89
0.90
0.99
1.12

1.00
1.01
0.0961
9.56

0.500

T1

QC1

16

QC1

(ng/mL) (ng/mL)

2.19
1.97
211
2.14
1.95
2.09

2.00
2.08
0.095
4.60

3.75

2.05
1.79
1.91
2.09
2.22
1.99

2.00
2.01
0.149
7.42

0.420

T1

QC3

16

QC3

(ng/mL) (ng/mL)

10.4
10.2
10.2
10.2
10.7
10.5

10.0
10.4
0.201
1.94

3.57

9.45
10.2
10.6
9.69
9.35
9.24

10.0
9.75
0.536
5.50

-2.48

T1

QC5

16

QCS

(ng/mL) (ng/mL)

7.7
70.8
70.4
77.4
79.0
78.6

75.0
75.6
3.96
5.23

0.860

70.9
12.7
12.7
76.6
73.5
75.3

75.0
73.6
2.06
2.79

-1.86




rhGH signature peptide ratios

T1/T6 T1/T6 T1/T6
n=54 Peak Areas Analyte/IS Ratios  Calc Conc Ratio
Mean 1.35 0.737 1.00

SD 0.153 0.0726 0.107
%CV 11.3% 9.86% 10.8%
T4/T1 T4/T6
Peak Areas Peak Areas
Mean 0.778 1.05
SD 0.105 0.165
%CV 13.5% 15.8%

T6 - Primary guantitation peptide
T1,T4 - Secondary qualitative peptides




hGH soluble receptor protein question

® About 50% of endogenous hGH in the blood is bound to
high-affinity growth hormone binding protein (GHBP).

Human growth hormone (yellow) bound to the extracellular
portion of its homodimeric receptor (GHBP)

Protein-protein interaction hot spots carved into sequences
Yanay Ofran & Burkhard Rost
http://www.rostlab.org/papers/2007_hotspots/paper.html

® ...assays using monoclonal antibodies in conjunction with a very
short incubation time (as in modern automated analyzers) are
susceptible to interference from GHBP. The potential negative
bias is considerable, approaching 50%....

Bidlingmaier S, Problems with GH assays and strategies toward standardization,
European Journal of Endocrinology 2008 159 S41-S44.



http://www.rostlab.org/papers/2007_hotspots/paper.html

Immunoprecipitation Development Experiment
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Polyclonal anti-human GH capture antibody (PADb) rapidly
provides the highest total IP recovery of rhGH from growth
hormone binding protein (GHBP) complex




Validation Tests

® Dilutional Linearity:
Six lots human serum fortified with 400 hg/mL somatropin and
diluted 5-, 40-, and 200-fold (to 80.0, 10.0, and 2.00 ng/mL)
Mean bias within £13% and C.V. <15%

® Analyte Fortified Specificity (LLOQ):
Six lots human serum fortified with 1.00 hg/mL somatropin
Mean bias within £14%

® Blank Matrix Unfortified Specificity:
Six lots unfortified human serum analyzed with SIL IS peptides
added during on-plate digestion
All samples <20% of the mean somatropin LLOQ response




Validation Tests

® Signature Peptide Ratio Reproducibility:
To confirm consistency of digestion and peptide recovery

Run 1DNW?2 T1/T6
Analyte/IS Ratios
N=64
Mean 0.709
SD 0.05676
%CV 8.00%

T6 - Primary quantitation peptide
T1 - Secondary qualitative peptide




Immunoprecipitation Validation Test - time vs. [GHBP]

2 ng/mL Somatropin
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Immunoprecipitation Validation Test - time vs. [GHBP]

PADb IP extraction of 2 ng/mL rhGH in human sera

Mean Relative Relative
IPTime Ratio %CV Bias  Recovery
Lot A Control 2 hr 0.0710 7.06

24 hr 0.0673 0.927 -518% 94.8%
+2nM GHBP| 2hr 0.0675 3.14 -4.94%  95.1%
+2nM GHBP | 24 hr 0.0682 2.28 -3.93%  96.1%

Lot B Control 2hr 0.0664 5.40

24hr 0.0663 9.81 -0.09% 99.9%
+2nMGHBP| 2hr 0.0632 5.40 -4.77% 95.2%
+2nM GHBP| 24 hr 0.0743 3.12 11.85% 112%

Lot C Control 2hr 0.0661 2.02

24hr 0.0700 6.10 5.85% 106%
+2nMGHBP| 2hr 0.0720 12.2 9.00% 109%
+2nM GHBP| 24 hr 0.0707 6.74 7.03% 107%

Lot D Control 2hr 0.0686 9.05

24hr 0.0694 3.57 1.21% 101%
+2nMGHBP| 2hr 0.0624 4.40 -9.10% 90.9%
+2nM GHBP| 24hr 0.0658 1.70 -4.10% 95.9%




Summary and Conclusions

« An immunoaffinity LC-MRM hybrid assay has been validated to
support PK analysis in somatropin dosing studies.

* The 22-kDa form of rnGH (and hGH) is selectively measured in
human serum with high accuracy and precision over a range of
1.00-100 ng/mL.

« The method, using IP in a 96-well plate format, is cost-effective
and efficient, with same-day processing of a sample batch.

 Varying physiological levels of GHBP do not impact the
measured hGH values when using an anti-hGH PADb reagent.

« Achieving a more sensitive range for potential diagnostic use is
possible by appropriate modification of the method.

® Will regulators accept hGH bioanalysis with an immunoaffinity
LC-MRM assay In place of traditional immunoassays?




An immunoaffinity LC-MRM assay for hGH

ot

s 1.00 ng/mL LLOQ

(100 pL human serum)

650
y ( 600

550

* 500
450
400

Target Protein g 550
\E\(/ Y.
CaolureAbq( 250
—¥ z, £ g 200
NN \ 50
>MAbcoaledE> 100 l
50
anti-human hGH antibody 6 1 LA ) : 6
coated 96-well plate Time, min

T6 signature peptide
/ YSFLQNPQTSLC(Carboxymethyl)FSESIPTPSNR
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If | have seen further it is
only by standing on the
shoulders of giants.

— Sir Isaac Newton
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Thank You.

Rand Jenkins
804.254.8417
rand.jenkins@ppdi.com




