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Human Cytokine Assay Products from Meso Scale Discovery

Paul F. Grulich, David H. Stewart, Pankaj Oberoi, Rob Calamunci, George Sigal and Jacob N. Wohlstadter

In this poster, we present a collection of assays and applications that demonstrate the power of MSD®
technology as a foundation for high performance cytokine assays. Examples of cytokine assays in both
singleplex and multiplex formats show that multiple cytokines can be simultaneously measured without
compromising assay performance. Two kit types are available depending on the requirements of the
particular application. Tissue Culture Kits are recommended for cell culture applications and
Ultra-Sensitive Kits are recommended for complex matrices (serum/plasma) and achieving greater
sensitivity in cell culture applications. In multiplexed cytokine assays, the preferred combination of
cytokines depends on the particular application and system being studied. Several different cytokine
arrays are depicted to give an indication of the breadth and flexibility of combinations available. For
each of these panels, sample data is given including spot layout, standard curves, detection limits, and
spike recoveries in human samples. To demonstrate the robustness of MSD cytokine panels for
rigorous applications, data from a validation study is presented including assay performance and
repeatability across multiple days and users. The validation data reflects the low variability and
excellent recovery of spiked calibrators.

o Meso Scale Discovery Applications
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MSD Technology

Patterned Surface Arrays Multiple Instruments

* Patterned electrodes 96-Well Single ~ 4-Spot * Two imaging instruments with greater

- 24-well, 96-well, 384-well multiplexing capability
*  Multiplexing * Two Personal Readers for assay development
* High-throughput = E * Very fast read time

e Sample volumes 10-25 L for
T-Spot 10-Spot

96-well and 384-well plates
*  Reduced noise

SECTOR™ PR 400 Reader SECTOR Imager 6000
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Protocols

MSD Cytokine protocols are designed to optimize workflow and ease-of-use while
maximizing assay performance in terms of sensitivity, dynamic range, and recovery.
The protocols have been used successfully for many sample matrices including cell
culture supernatants, serum, plasma, sputum, bronchoalveolar lavage, and other bodily
fluids. Two standard protocols are given below with the serum / plasma protocol
recommended as a standard protocol for other biological samples. With appropriate
validation, these protocols can be modified to improve workflow or performance by
eliminating or changing the number of washes, adding blocking steps, or changing the
volumes of assay constituents. Samples in complex matrices typically do not require
dilution prior to use in MSD cytokine assays although dilution may be required to
achieve desired recoveries in some cases.

Cell Supernatant Protocol:

Add 25 UL of Sample / Calibrators; Incubate 1-2 hr at RT
Add 25 L of Detection Antibodies; Incubate 2 hr at RT
Wash 3X with PBS

Add 150 pLl/well Read Buffer and Read

=_ O N —

Human Serum / Plasma Protocol:

Add 25 pL of MSD Assay Diluent; Incubate 30 min at RT

Add 25 L of Sample / Calibrators; Incubate 2 hr at RT

Wash 3X with PBST

Add 25 L of Detection Antibodies; Incubate 1-2 hr at RT
Add 150 pil/well Read Buffer and Read

Ul B W N
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Cell Supernatant Assay

Human IL-8

Concentration

Signal

Human IL-8 Cytokine Assay (MULTI-ARRAY™ 96-Well Small Spot Plate)

Below are examples of cytokine assay titration data using two different protocols. The data was collected using the Human IL-8 Tissue Culture Kit with the MSD Human Cytokine Reagent Kit.

Serum / Plasma Assay

E (pg/ml)  Mean  %CV
B 0 18 14.1
E 0.010 61 | 11
E 0.038 n 1.1
L 0.15 68 91
3 0.61 18 | 44
- 24 m | 2
E 98 108 [ 11
E 39 3869 | 29
B 156 1496 | 42
E | 65 | 58406 | 88
100 2500 [ 236433 22

Concentration [pg/ml] 10,000 | 809,925 | 101

40,000 [1394,565] 16.1

Human IL-8
Concentration Signal
(pg/ml)  Mean %OV
53 E

0.15 41 53
24 3 49
9.8 1,083 63
39 3915 8.1
156 15579 | 62
625 64351 | 107
2500 | 231900 | 8.0
10,000 | 701,686 | 74
40,000 [1,771,058] 0.6

100
Concentration [pg/mL]
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Detection Limits

Detection Limit

Detection Limits were
determined across

Sample Type (pg/ml)

Cell Supernatant 03 multiple runs using
Serum 03 1.5 standard deviations
Plasma 0.6 above the background.

Recoveries

Spike recoveries were ®
Recovery determined in each matrix

Average %

Sample Type

Cell Supernatant 90 over a range of spike
Serum 87 levels from 9.8 to 313
EDTA Plasma 85 pg/mL. Each spike was
Heparin Plasma 93 tested in triplicate.

Plasma data was collected using a modified plasma
protocol with a reduced sample volume of 10 L.

Endogenous Levels

Sample Type mples Bel
(# of un?que );I;mples) Dseitlecfaf)sle Ii:rrée fanee
Serum (n=9) 0 41 - 426
EDTA Plasma (n=5) 0 09 -21
Heparin Plasma (n=5) 0 18 -5

Endogenous cytokine levels (pg/mL) were determined for different sample types
across multiple samples (n/d indicates cytokine level below the detection limit).
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Cell Supernatant Assay

Human TNF-ov US

E Concentration Signal

E (gml)  Mean %0V

L 0 .
E 0.010 i 45
E 0.038 74 55
L 0.15 8 82
E 0.61 134 | 44
- 24 365 | 42
E 9.8 125 | 54
E 39 5130 [ 21
B 156 [ 18132 50
E | 625 | 80597 | 39
0.1 100 2500 [311,53 | 37
Concentration [pg/mL] 10000 |1.089.784] 5.1
40,000 [1776323] 1.6

Serum / Plasma Assay

Human TNF-c. US

Concentration
(pg/mL)

Signal
Mean

YV

B 0 61 10.0
E 0.15 5 | 13
E 0.61 56 5.6
L 14 08 43
E 9.8 0 | 8
- 39 258 5.0
E 156 841 | 41
E 625 303 | 21
L 2500 | 1139 | 15
B ) 10,000 | 38595 | 6.0

0.1 100 40,000 | 161589 | 35

Concentration [pg/mL]

Human TNF-oc Ultra-Sensitive Cytokine Assay  (MULTI-ARRAY 96-Well Small Spot Plate)

Below are examples of cytokine assay titration data using two different protocols. The data was collected using the Human TNF-or Ultra-Sensitive Kit.

Detection Limits

Detection Limit

Sample Type

(pg/mL)

Cell Supernatant 0.2
Serum 03
Plasma 0.7

Recoveries

Average %

Sample Type

Recovery

Cell Supernatant 100
Serum 88
EDTA Plasma 106
Heparin Plasma 114

Plasma data was collcted using a modified plasma
protocol with a reduced sample volume of 10 yil.

Endogenous Levels

Sample Type Samples Below
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Detection Limits were
determined across
multiple runs using
2.5 standard deviations
above the background.

Spike recoveries were ®
determined in each matrix

over a range of spike

levels from 9.8 to 313

pg/mL. Each spike was

tested in triplicate.

(# of unique samples)  Detectable Range L
Serum (n=10) 0 19-53
EDTA Plasma (n=5) 1 nfd - 2.2
Heparin Plasma (n=5) 0 16-38

Endogenous cytokine levels (pg/mL) were determined for different sample types
across multiple samples (n/d indicates cytokine level below the detection limit).
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Multiplexed MSD Cytokine Assays

MSD Human TH1/TH2 Cytokine Assay

IL-4 ~ IL-12p70
IFN-y — IL-13
IL-5 = IL-8
IL-1PB TNF-0t
L2 10— - -
Labeled-Ab

IL-8
\
\

10 - 10,000 counts

Working
electrode

Colormap display demonstrates different
patterns of cytokine responses in different
wells of a 96-well 10-spot assay plate.

Each well in an MSD MULTI-SPOT® plate contains multiple spots, each with a capture
antibody for a particular biological assay. The assays are independent of one another
and each is optimized for maximum performance in detecting its particular analyte.




Human TH1/TH2 Panel - Cell Culture Applications

Ultra-Sensitive Kit

j ———Fit IFN-y
let006 5 | —— P
[
1 Fit IL-5
100,000 Fit IL:8
E ——Fit IL-10
= 1 | fenmn
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100
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0.01 1 100 10,000

Concentration (pg/ml)

Detection Parameters (pg/ml)

IL-2
0.2

IL-4
03

IL-5
0.2

IFN-y
05

IL-1B

LLOD 03

Signal

IL-8
0.4

1e+006

100,000
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100
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Tissue Culture Kit

— Fit IFN-y
—Fit I-1B
—Fit IL-2
—Fit IL4
Fit IL-5
Fit IL-8
—Fit IL-10
Fit IL-12p70
—Fit IL-13
Fit TNF-ou

IL-10
0.5

I I
100 10,000

Concentration (pg/ml)

IL-13
0.6

NF-or
0.1

IL-12p70
05

Ultrasensitive Assay

LL0Q 0.9 03 0.2 0.6 0.1

1.2

0.5

0.7 03 0.1

LLOD 6.6 0.2 0.4 0.6 0.2

0.7

12

1.0 15 0.9

High Bind Assay

1L0Q 124 03 0.6 1.1 03

14

13

14 13 0.7

MSD has developed two cytokine kits that can be used for cell culture applications.
The detection limits achieved with the Ultra-Sensitive Kits are as much as 2-10 times
lower than the standard Tissue Culture Kit and can be used to detect cytokines that
are present at very low levels (less than | pg/mL). Lower limit of detection (LLOD) is
calculated using 2.5 standard deviations above the background. Lower limit of
quantification (LLOQ) is defined as the lowest concentration at which the CV of the
concentration is less than 20% and the recovery of spiked calibrator is within 20% of

the expected value.




Multi-Day Validation Study

Detection Limits in pg/mlL from Multiple Plates

wate vy L0 L0 LB LB
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DAY 1 1 9.5 5.0 1.5 1.1 04 1.4 15 0.2 34 0.9
2 8.3 9.1 1.8 1.8 0.4 1.5 13 0.2 16 0.7
DAY 2 3 6.0 34 12 12 0.2 12 19 0.2 15 0.7
4 6.0 1.3 L1 13 0.2 11 1.6 0.2 13 0.7
DAY 3 5 6.0 34 13 1.2 0.3 0.9 14 0.2 13 0.8
6 6.5 3.3 13 1.5 0.3 1.0 1.9 0.2 11 0.8
1 15 L1 12 13 03 13 1.2 0.2 34 1.1
DAY 4 24 12 13 1.2 0.2 0.7 13 0.2 3.2 14
9 3.1 L1 1.3 1.4 03 0.6 20 0.2 3.1 1.2

The Human TH1/TH2 10-plex Tissue Culture Kit was tested in a multi-day, multi-user

study to assess the repeatability of assay performance in cell culture medium.

Detection limits were found to be stable across 9 plates which were run on 4 different

days by 2 different users. Detection limits were calculated using 2.5 standard

deviations above the background.

Criteria for Passing:

1) (Vs for the standards must be less than 15% at concentrations above the detection limit

N

Intraplate CVs for the spike controls must be less than 20%

~ o

)

)

) Interplate CVs for the spike controls must be less than 20%
) Detection limits must be below 10 pg/mL for all cytokines
)

5) Spike Recoveries for the controls must be within 25% of the spiked values

PASSED
PASSED
PASSED
PASSED
PASSED




0 142 [10.7 0.6 | 15.7| 7.4 | 104 | 12.8| 9.6 | 8.0 | 7.6 [10.6] 9.4 |12.1]14.8| 5.9 | 8.6 | 13.0) 10.5] 9.5 | 9.6 [12.1| 8.8 |12.2|143| 5.9 | 9.2 | 148|145 104|114

2 97 /3.0 |68 [10.6] 1.1 |67 22|82 4139|1041 |87 [12.7]2235|12]6329|39]82)62|75)90)16]62]9.6]|11.7]54]99

10 163 (4.1 7669 |38]53|59|3769|45([81 39|53 [50]24|58|46|38[21]44[61|21|51[20]1734/42]29)123|52

39 60 |45 |46 (134333451008 |72(42 |54 ]40[27]26|21|41]23/20|12]38 21 |41/28)|18 4113182664

156 49 138 5619321763 15[24|75])41 /39362024 (3260|3844 |59([70 /69|78 |75]|58]|63]61]91]10.0]14.0

625 4713127 (31 |18]06|82]09(30|38)35 364229 2536271323 |21[3.6]09|18]51]20/[41]28]|44]50/ 104

2,500 56 |51 |46 (4527|4461 (35]35]29[43 |52 |48[38 |33 4822|4228 |3.0]|3431[40/41]23]75]50/[51]57|M12

10,000 |67 /443029 06|27 163520 25]52|58)56[40/0838/20]15]12]39(3828]20/31|12|5852/40)28 /78
0 14.5[10.6 | 10.3 |19.1) 7.2 | 8.6 -16.9 73194 [13.0 | 68 | 13.5[15.7) 6.7 [10.1]13.6 | 18.7| 8.5 | 11.0{13.2| 9.2 |12.2| 184 6.0 | 93 |13.5] 9.9 | 12.0 | 11.9

2 1163661961440 100({42 48 |53(89]22|58|94|23 5915078 |56|43[52|3.1]49|112]3.6 /|80 7.1]96|30]36

10 103 1517300848 494749 45([100] 17|64 41| 14]52 |69 |54[38]22[129]26)|64[31]473737]58)36]|48

39 25 (43 (39 1720375129 |44 /5642 [48[3.1[26|13|1944|33|34|48|54]62 78|27 |47 /49(39/28|22]128

156 1412914325031 38 54|48 63 |65([18 33|33 |44 37|59 |58 |55[60|63[38]29]64[21]2832)|27|37|46]|11

625 27030113020 11/82]2326(31]94(32|16|13[12]08 483535454140 /2538482432 40/24/37]45

2,500 39 (3546 (37|25 |68[53]42(52|70]43|12]27 291534784140 |53[66|12]35]50]26[25|31]21]15]60

10,000 )39 3937412198 2667558027 31]3.6/22[1.0[30]18/39]36]69]65]55)57]68|19][3.6]30[43]20]129

The CVs of the standard curve data (4 replicates for each concentration; 26 zeros) were
largely below 5% (color key: 10-15%, 15-20%, S20%). Within the first 6 plates, the
(Vs of the spiked controls (24 measurements for each control) were less than 10% for
all cytokines. The interplate CVs were a little higher than the intraplate CVs. Excellent
spike recoveries were observed for all cytokines (within 20% of 100% recovery).

Spike Recovery Data

IFN-y IL-12p70 IL-1B

YRecovery Calc Conc ~ %CV  %Recovery Calc Conc  %CV  %Recovery

(ggp/'h]el) Calc Conc ~ %CV  %Recovery Calc Conc YRecovery Calc Conc  %CV

IL-2 - - TNF-ou

(psgp/lm) Calc Conc ~ %CV  %Recovery Calc Conc YRecovery (Calc Conc %Recovery Calc Conc ~ %CV  %Recovery Calc Conc ~ %CV  %Recovery




Human TH1/TH2 Panel - Serum and Plasma Applications

Ultra-Sensitive Kit

i [ J— IFN-y
el |k
3| —Fiti4
T Fit IL-5
100,000 Fit IL8
= —Fit IL-10
= 7] o Fit IL-12p70
So 10,0005 He ik
1000
100 :
g | T T T T T T T
0.001 1 1,000
Concentration (pg/mL)
Performance

Detection Parameters (pg/mL)

Percent Recovery (%)

Endogenous Levels (pg/mL)

IFN-y IL-2 IL-4 IL-5 IL-8 IL-10

I-1B

IL-12p70  IL-13 NF-a0

Purified cytokines were spiked into human serum at multiple levels, and the recovery
of the spiked cytokine was measured in triplicate using the Human THI/TH2 [0-plex
Ultra-Sensitive Kit. The table below summarizes the average calculated recoveries,
detection parameters, and endogenous cytokine levels measured in eight individual sera.

LLOD and LLOQ were

determined as described previously.




Human Pro-Inflammatory Panels

Human Pro-Inflammatory
9-Plex Cytokine Panel

IL-1B IFN-y
IL-2 IL-6
GM-CSF
IL-8 IL-10
IL-12p70 NF-ot

Human Pro-Inflammatory 9-Plex Ultra-Sensitive Kit

1e+006 5
3 | —riemny
3 | —Ftwp
7 —Ffit IL-2
100,000 fit IL-6
3 Fit GH-CSF
] Fit IL-8
- —Fit IL-10
— Fit IL-12p70
go 10,000 ? iy
1,000

100

Concentration (pg/mL)

0600

Human Pro-Inflammatory
1-Plex Cytokine Panel

I-1B IL-8
IL-12p70 IL-10
IFN-y
IL-6 NF-o

Human Pro-Inflammatory 7-Plex Ultra-Sensitive Kit

Fit IL-8

1e+006
100,000

s

55 10,000

1,000

—_
[—4
(=]

Detection Parameters (pg/mL)
IL-1B

I8 IL-12p70

GM-CSF

Fit IL-12p70 =

——Fit I-1B

—— Fit IFN-y
Fit 116

— it I1-10
Fit TNF-t

H:
.
\

IFN-y

Concentration (pg/mL)

IL-6 IL-10 NF-ou
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Conclusions

*  Diverse product offering including singleplex and multiplex cytokine assays

* Highly sensitive cytokine assays (detection limits ~1-10 pg/mL) demonstrated in
Tissue Culture Kits

*  Ultra-Sensitive Kits are recommended for complex matrices (serum / plasma) and
achieving greater sensitivity in cell culture applications

e Wide dynamic range assays (3-4 logs) enable measurement of low and high level
cytokines in the same sample without dilution

*  Spiked cytokines in human samples are recovered at the expected levels

*  Multi-day validation studies show robust assays suitable for clinical applications
(low variability in signals and calculated cytokine levels; consistency across days)

* Assay protocols and diluents have been optimized for cell culture supernatants,
serum, plasma, and other human samples

*  Simple and rapid workflows / protocols enable more efficient use of time

Comparable assay performance across the technology platform

Current listing of cytokine offerings can be viewed at:
http://www.mesoscale.com/products/assays/cytokines.htm




