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ABSTRACT

Purpose : Biomarker assays have gained precedence over the years due to their role in drug
discovery and development. Cardiac Troponin-I (cTnl), one of the three Troponin-I isoforms,
is released into the bloodstream from damaged cardiac muscle cells. The evaluation of
cTnl serum levels therefore allows assessment of the extent of cardiac injury. Historically
quantified by traditional ELISA, an alternative assay methodology was explored to facilitate
integration of cTnl analysis in toxicology studies.

Method : A SPARCL™ (Spatial Proximity Analyte Reagent Capture Luminescence) assay was
used herein to validate a Non-Human Primate and Rat cTnl quantification method. SPARCL
is a novel technology that allows rapid and cost effective immunoassay development,
validation and sample analysis. The principle lies on proximity assay in homogenous phase.
Two affinity purified cTnl-specific antibodies were used, one conjugated to HRP and one to
acridan, a chemiluminescent substrate. When these two antibodies are brought into close
proximity due to specific binding and when a solution containing hydrogen peroxide is
added, HRP catalyzes oxidation of proximal acridan molecules causing a chemiluminescent
reaction, which is captured by a plate-based luminometer.

Results : Following adaptation of a commercially available cTnl Non-Human Primate and
Rat assay, an advanced method validation was performed, according to industry guidelines.
In order to better characterize the performance of the assay, serum samples were obtained
from animals which underwent heart ligature, which significantly increased the cTnl levels
over 8 hours. These samples were used to define precision, ruggedness, parallelism, stability
and minimum required dilution. An acceptable standard curve fit was obtained between 0.1
and 5.0 ng/mL. Quantification range was confirmed using precision samples at different
endogenous cTnl levels and the ones at low, medium and high concentrations were then
used as quality controls (QCs) for plate acceptance, once their reference concentrations
were determined. Parallelism was proven using serum samples from different Non-Human
Primates and Rats in order to span the widest range of dilution folds. Moreover, samples
at low and high concentrations were used to demonstrate stability after 3 freeze-thaws,
overnight at room temperature and after long-term storage at -70°C.

Conclusion : A novel method for the quantification of cTnl in Non-human primate
and Rat serum samples was successfully validated. The SPARCL assay was found to
present short assay run time since no wash are required. It allowed a high throughput
for method validation and sample analysis with an analytical range that covered relevant
concentrations upon cardiac injury in the Non-human primate and Rat.

METHODOLOGY

SPARCL™ (Spatial Proximity Analyte Reagent Capture Luminescence) technology is a
proximity dependent, non-separation, chemiluminescent detection method. In a SPARCL
assay, a chemiluminescent substrate (acridan) is brought into the proximity of an oxidative
enzyme (horseradish peroxidase, HRP) through the specific antigen/antibody interaction.
A flash of light proportional to the quantity of analyte present in the sample is generated
upon addition of a trigger solution containing H,0, and para-hydroxycinnamic acid (oHCA).
There is no need to remove excess reactants, acridan conjugated antibodies distant from
HRP produce no signal. Furthermore, to enhance signal to noise ratio, a background reducing
agent can be added to minimize the background signal from unbound reactants (1).
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Figure 1. SPARCL key components. A. HRP labeled Figure 2. A Representative SPARCL assay. Specific
Antibody. B. Immunoassay target (analyte). C. 96 well antibody and antigen interaction brings acridan and HRP
low binding white plate. D. Acridan labeled Antibody. E. into close proximity, the addition trigger solution then
SPARCL Kit. F. Luminometer. causes a flash of light.
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INTRODUCTION

Cardiac Troponin-I| :

Troponin | is a subunit of the troponin
complex (Tn), which is a heteromeric
protein bound to the thin filament. Troponin
complex plays an important role in the
regulation of skeletal and cardiac muscle
contraction. Troponin complex consists of
three subunits: troponin T (TnT), troponin |
(Tnl) and troponin C (TnC). The subunits are
held together by non-covalent interactions.
The Tnl subunit is responsible for inhibiting
actomyosin formation at low intracellular
Ca2+ concentrations. Being expressed only ) ) ) )

. . . . Figure 3. Ribbon representation of the human cardiac
in cardiac tissue, Troponin | has been a troponin core complex. Blue = troponin C; green =
preferred biomarker for myocardial infarction  troponin I; magenta = troponin T (3).

for a long time (2).

Assay workflow :

Rat and Monkey cTnl SPARCL kits from Life

Diagnostics, Inc. were selected and slightly

adapted for use.

- affinity-purified cTnl-specific antibodies
are pre-mixed with background reducing
agent

- antibodies are mixed with standards,
positive controls or samples in a 96-well
white plate.

- the whole mixture is incubated at room
temperature for 30 minutes. e T

- once placed in the luminometer, the trigger
solution is injected into each well and
luminescence is immediately measured.
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Figure 4. Example of a SPARCL™ flash luminescence
signal for the highest rat cTnl standard. Luminescence
was measured every 0.02 seconds for 1 second.

RESULTS

Precision and Ruggedness :

Precision samples at ULOQ and high concentrations were prepared by spiking the
monkey cTnl stock (Reference standard) in Cynomolgus monkey serum, while for
precision medium, low and LLOQ levels, unspiked Cynomolgus monkey serum from
animals that underwent coronary (LAD) ligation surgery were used. Similarly, precision
samples at ULOQ concentration were prepared by spiking the rat cTnl stock (Reference
standard) in Sprague-Dawley rat serum, while for precision high, medium, low and
LLOQ levels, unspiked Sprague-Dawley rat serum from animals that underwent
surgery were used.

Table 1. Monkey cTnl assay: Intra- and Inter-Assay Precision ~ Table 2. Rat cTnl assay: Intra- and Inter-Assay Precision
Results and Ruggedness (inter-analyst precision).

Results and Ruggedness (inter-analyst precision).

Intra-assay precision Inter-assay precision
n =3 per run Overalln=18

Intra-assay precision Inter-assay precision

Ruggedness Ruggedness

Sample Sample n =3 per run Overalln=18

1D Mean %CV | Overall Mean | Overall | Mean analyst A| Mean analyst B 1D Mean %CV | Overall Mean | Overall | Mean analyst A|Mean analyst BY
(range; ng/mL) | (range) (ng/mL) %CV (ng/mL) (ng/mL) (range; ng/mL) | (range) (ng/mL) %CV (ng/mL) (ng/mL)
ULOQ | 471-544 | 11-54| 504 65 %:‘ifénml 572: ULOQ | 481-522 | 21-61| 501 46 %:i}ofzm.cel 50050
High | 349-382 | 12-47| 368 41 %i‘i:’énml 3272 High | 307-335  11-42) 319 43 %:i}zf:,gml 33]:
Medtm | 127-147 | 09-47 | 134 | 6a | B0 mml e weitum | 068-050 | 06-47| 074 | 68 | z;fmcel "
Low | 026-035 | 05-7.0 | 031 s %ﬁi "MJ ?222 Low | 016-019 | 11-43| 017 63|, ;'ffnml %]37
LLOQ | 0.18-024 [09-112| 021 7 %?ﬁ"ml 07280 LLOQ | 0.075-0.099| 06-95|  0.09 104 %z}offnml (1)305
Parallelism :

Positive samples generated through coronary ligation were tested for parallelism.
Depending on the cTnl levels present in the samples, various dilution series were generated
as to fall within the quantification range. Results from the dilution at MRD were used as
reference for evaluation of the % difference upon dilution. Acceptable parallelism was
also demonstrated in Wistar rats (between 8- to 198-fold; data not shown).

Table 3. Parallelism in various monkey individuals. Figure 5: Troponin | (cTnl) concentration in NHP individual

sera upon dilution (between 4- to 30-fold).

Adjusted

Sample Dilution Result % difference Overall
D factor (range) (ng/mL) (range) %CV 10
Female 1] 46 100 | 3.07-3.68 | 42-18.1 6.4 5 —\'_'—_\
(Cyno) S ~g
Male 1 - - F1(On)
e 40-304 | 772-970 | -217-1.0 7.9 =
Male2 1y 304 | 478-540 | -85-38 4.6 = e
ale = - ~ (1]
e 40-100 | 131-155| 56-18.1 8.6 R e a—— - M3
Female 2 3]
e 40-149 | 259-281| -09-72 33 5 T, ——— + F20p
Female 1 T - F-1(R)
- - = - ———i"‘
Ry | 40100 | 178-193 | 7008 3.6 < oo
Female 2 o -
(Rhoy | 40-304 | 459-524| -111-23 53 g P— P 2
Dilution fold

Table 4. Parallelism in various rat individuals (Sprague-Dawley) Figure 6: Troponin | (cTnl) concentration in Rat individual

. sera upon dilution (between 8- to 151-fold).
L % difference

Sample Dilution

Result Overall %CV
D factor (range) (ng/mL) (range)

Female | 8.0-19.9 2.07-2.61 79-232 8.1 =
£
Male 1 8.0-60.8 8.62-9.86 25-135 47 =
=]
c
Male 2 8.0-43.0 4.15-5.74 10.7-322 1.3 =
c
Male 3 8.0-60.8 6.80-9.39 10.2-32.0 10.7 s
°
Female2 | 80-151.2 | 1213-15.61 2.6-25.1 9.9 2
3,

Female3 | 80-1512 | 15.83-19.27 2.0-196 72 2 s

Dp—t———o—" - F4

Female4 | 80-1136 | 1121-1325 25-16.7 6.1 o - FS

16 £ & 128
FemaleS | 80-1136 | 1084-13.60 [ -2.3-20.2 8.6 Dilution fold

Stability : The same positive sera samples used as detailed above were also used to
assess the various stability parameters. Long-term stability is currently ongoing but was
demonstrated to be at least 29-days when stored at -70°C in non-human primate serum
during assay development.

Table 5. NHP cTnl assay: Stability results.

Table 6. Rat cTnl assay: Stability results.

Conditions Bench-top 3 Freeze-thaw cycles Conditions Bench-top 3 Freeze-thaw cycles
Sample ID Low High Low High Sample ID Low High Low High
Reference concentration 1.55 535 1.55 5.35 Reference concentration 139 2551 1.39 2551
(ng/mL) (ng/mL)
Mean 1.83 6.31 1.78 6.17 Mean 1.36 22.17 1.47 23.40
%CV 3.0 1.3 2.1 1.0 %CV 1.1 1.5 1.3 3.6
%RE 18.0 18.0 14.9 15.3 %RE -2.1 -13.1 5.6 -8.3
n 3 3 3 3 n 3 3 3 3

Cardiac Troponin release in NHP and Rat : The assay could be successfully used to study
cTnl release kinetic upon coronary (LAD) ligation. Significant increases were demonstrated
between 4-8 hours post-surgery.
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Figure 7: Troponin | (cTnl) concentration in NHP sera Figure 8: Troponin | (cTnl) concentration in Sprague-
before and after coronary ligation. Dawley rat sera before and after coronary ligation.

CONCLUSION
A novel method for the quantification of cTnl in Non-human primate and Rat serum
samples was successfully validated. The SPARCL assay was found to present short assay

run time since no wash are required. It allowed a high throughput for method validation
and sample analysis with an analytical range that covered relevant concentrations upon
cardiac injury in the Non-human primate and Rat.

1. Text and Figures 1and 2 courtesy of Beckman Coulter Inc. - 2. Cardiac Troponin | booklet (Feb 2015), HyTest - 3. Takeda S, Yamashita A, Maeda K, and Maeda Y (2003). Nature 424(6944): 35-41. - 4. Guidance for Industry: Bioanalytical Method Validation (2001), CDER and CVM. - 5. Jean W. Lee et al. (2005). Pharm Res 23: 312-328 - 6. Valentin M.-A. et al., J. Pharmaceutical and Biomedical Analysis, 2011, 55: 869-77. SPARCL is a trademark of Lumigen, Inc. and Beckman Coulter, Inc.
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