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Introduction

Experiment tested whether agreement among laboratories performing
biological assay measurements can be achieved. Previous published
results in the field of nano toxicology were contradictory.

Uncertainty analysis was top down, not bottom up as in the GUM.

Experimental design and simple data analysis were critical for
monitoring and assessing system performance.

Quantification of uncertainty was done using a Bayesian hierarchical
non-linear model fitted using Markov Chain Monte Carlo methods.



Details of the Experiment

Cells treated with several different concentrations of
nanoparticles or chemical control

MTS cell viability assay

Signal related to the number of metabolically active cells
Measurement: absorbance at 490 nm

Specifically designed plate

Multiple cell lines

Multiple laboratories



Plate Design
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Process Flowchart for each laboratory
Nano Particles

Cell Line in Culture
with monitored growth conditions

Harvest Cells from Culture
using Trypsin-EDTA

T
max. 5 min

Count the harvested Cells
using a counting chamber

hJ

-

Seed Cells - 15'000 cellsfwell
with 200 gL in 96 well plate

¥

incubate for 24 hl— 37°C - 5% CO,

Remove the Medium

max. 5 min
max. 5 min Wash 3 x with 200 yL PBS ]
max. I5 min
Treatment with Nano Particles = § Treatment with Mano Particles

and Chemical Control % ‘:E_r and Chemical Control

incubate for 48 h - 37°C - 5% CO, 8 incubate for 24 h - 37°C - 5% COyZ
¥ b

Remove the Medium Remove the Medium ]

T
max. 5 min

Treatment with MTS in phenolred
free medium - with 120 L

T
incubate for 60 min

Absorption Measurement
at 490 nm with Plate Reader

T
max. 5 min

-

Treatment with MTS in phenolred
free medium - with 120 L

T
incubate for 60 min

Absorption Measurement
at 490 nm with Plate Reader




Sources of Variability

Pipetting: seed density and chemical dosing
Instrument performance
Material handling

Cell type
Culture conditions
Laboratory



Plate Design: Assessment and control of Variability

Brief Control Description

Column 2 | Background correction for the chemical dosing.

Columns | Triplicate reference chemical control.
3,4,5
Column 6 | Within multichannel pipetting variance. Non-treated cells seeded with

a single ejection step.
Column 7 | No cells but MTS reagent (last step of assay procedure).

Column Background correction for the ENM dosing.

11
Black Contain medium from the time of cell seeding on. Prevents edge
wells effects that might occur during longer incubation times (i.e.
evaporation).
Row B Between multichannel pipetting variance. Solvent treated cells
column seeded in different ejection steps.
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Comparison of control measurements (no cells)

two labs
Lab A Lab B
Mean (std) over all plates | Mean (std) over all plates
Column 2 (background CC) 0.056 (0.0007) OD 0.057 (0.004) OD
Column 7 0.057 (0.0009) OD 0.058 (0.003) OD
Column 11 (background NP) 0.20 (0.04) OD 0.23 (0.04) OD
Black cells 0.056 (0.0005) OD 0.058 (0.004) OD
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Presenter
Presentation Notes
Black cells and background CC appear close so CC does not change absorbance, background NP is higher so NP does change absorbance.


Column 6 - cells but no treatment
(maximum absorbance)

Lab A Lab B
Mean (std) OD Mean (std) OD

1 2.29 (0.11) 2.10 (0.1)
2 2.24 (0.11) 2.43 (0.1)
3 2.18 (0.05) 2.47 (0.13)
4 2.23 (0.10)
5 2.19 (0.04)
6 2.17 (0.03)
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Row B - cells but no treatment
(maximum absorbance)

Lab A Lab A Lab B Lab B
Mean (std) OD | Mean (std) OD | Mean (std) OD | Mean (std) OD
Col 3,4,5 Col 8,9,10 Col 3,4,5 Col 8,9,10
1 2.30(0.08) 2.43(0.05) 2.15(0.14) 2.48(0.05)
2 2.27 (0.01) 2.26(0.06) 2.54 (0.25) 2.45(0.15)
3 2.26 (0.05) 2.21(0.004) 2.47 (0.13) 2.36(0.12)
4 2.54 (0.05) 2.22(0.02)
5 2.22 (0.04) 2.17(0.03)
6 2.18 (0.01) 2.26(0.02)
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Adjustments to measurements for dose response estimation

e Each plate has 3 sets of dose response measurements for CC (cols 3, 4, 5)
subtract background in col 2 and divide by (maximum absorbance in col 6-black cell absorbance)

e Each plate has 3 sets of dose response measurements for NP (cols 8, 9, 10)
subtract background in col 11 and divide by (maximum absorbance in col 6-black cell absorbance)
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Presenter
Presentation Notes
If within variability is significant then row B is likely not be similar to the other rows and should not be used as the max. If between variability is significant then column 6 should not be used. For lab A it looks like between variability is less than within and so column 6 makes more sense.


Analysis of Dose Response
(statistical model)

I, is the normalized response,

Fitted using MCMC

(=) X; is the dose
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Relative absorbance at 490 nm
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Lab A - Chemical Control, all plates

Chemical Control Comparison
Multiple plates, 3 curves per plate

Lab B - Chemical Control, all plates
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Replicate curves on each plate are similar —variability due to
between pipette seeding and chemical dosing can be
captured by combining the 3 replicates
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Relative absorbance at 490 nm
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Nano particles Comparison
Multiple plates, 3 curves per plate

Lab A - Nano Particles, all plates

Lab B - Nano Particles, all plates
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Replicate curves on each plate are similar —variability due
to between pipette seeding and chemical dosing can be

captured by combining the 3 replicates
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Combine reps on each plate
(col 3,4,50r8,9, 10)

Model for each plate:

Lab A - Nano particles plate 5
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Concentration pg/ml

Concentration pg/ml

EC., control and nanoparticles

Lab A Chem Control

13

(4

plate

Lab A Nano particles

1] 2

plate

Uncertainty from between pipette effects and other unknown factors

Concentration pg/ml

Concentration pg/ml

per plate

Lab B Chem Control

plate

Lab B Nano particles

plate
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Lab A
Mean (std)
Col 3,4,5

2.30 (0.08)
2.27 (0.01)
2.26 (0.05)
2.54 (0.05)
2.22 (0.04)
2.18 (0.01)

Lab A

Mean (std)
Col 8,9,10

2.43(0.05)
2.26(0.06)
2.21(0.004)
2.22(0.02)

2.17(0.03)
2.26(0.02)

Lab B
Mean(std)
Col 3,4,5

2.15 (0.14)
2.54 (0.25)
2.47 (0.13)

Lab B
Mean(std)
Col 8,9,10

2.48(0.05)

2.45(0.15)
2.36(0.12)
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Relative absorbance at 490 nm
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Chemical Control vs. Nano Particles

Replicate Plate curves

Lab A - Chemical Control vs Nanoparticles

Lab B - Chemical Control vs Nanoparticles
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Model for Consensus curve

Lab A —all plates behave well but there is some plate to plate
variability which can be captured using a hierarchical model:

E(1-r;)= Vi fori=1,---,5andj=1,---6

(nel el

a; ~ N(a,0,), log(B;)~N(B,0p), log(yi)~N(y,0,)

Y
(@—x)
1+e ¢

Consensus: E(l— I ) =




absorbance at 480 nm

Consensus curves with 95% HPD,
estimation via MCMC

Lab A - Nano particles consensus
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Uncertainty from between pipette effects plus “plate” effects




Lab B

e Has two subsets of similar plates, not clear how or if these
should be combined to form a consensus.

e The set that has similar values of the control variables to Lab
A has curves that are less similar than the other set.



Interlaboratory study

5 laboratories
2 cell lines
2 types of cell growing conditions

Separate analyses for cell lines and growing conditions
Good overall agreement among labs with some outliers.



Lab Consensus curves
single cell line, single growing condition
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Conclusions

e |tis possible to achieve agreement among laboratories making biological
assay measurements.

e Careful monitoring of the protocol is necessary.
e Top-down Uncertainty analysis using MCMC is viable.

Potential Experimental Design improvements:
* More plates

* Concentrations close to anticipated EC,

e Control treatment with “known” EC., value

Potential Uncertainty analysis improvements:

e Bottom-up uncertainty evaluation for individual absorbance
measurements combined with the top-down approach
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