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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIM
Interleukin-6 (IL-6), a multifunctional cytokine, exists in several forms ranging
from a low molecular weight (MW 20-30 kDa) non-complexed form to high
MW (200-450 kDa), complexes. Accurate baseline IL-6 assessment is pivotal
to understand clinical responses to IL-6-targeted treatments. Existing assays
measure only the low MW, non-complexed IL-6 form. The present work
aimed to develop a validated assay to measure accurately total IL-6
(complexed and non-complexed) in serum or plasma as matrix in a high
throughput and easily standardized format for clinical testing.

METHODS

Commercial capture and detection antibodies were screened against
humanized IL-6 and evaluated in an enzyme-linked immunosorbent
assay format. The best antibody combinations were screened to iden-
tify an antibody pair that gave minimum background and maximum
recovery of IL-6 in the presence of 100% serum matrix. A plate-based

WHAT THIS STUDY ADDS total IL-6 assay was developed and transferred to the Meso Scale Dis-
covery (MSD) platform for large scale clinical testing.

RESULTS

The top-performing antibody pair from 36 capture and four detection can-
didates was validated on the MSD platform. The lower limit of quantification
in human serum samples (n = 6) was 9.77 pg |”', recovery ranged from
93.13-113.27%, the overall pooled coefficients of variation were 20.12%
(inter-assay) and 8.67% (intra-assay). High MW forms of IL-6, in size frac-
tionated serum samples from myelodysplastic syndrome and rheumatoid
arthritis patients, were detected by the assay but not by a commercial kit.

CONCLUSION

This novel panoptic (sees all forms) IL-6 MSD assay that measures both
high and low MW forms may have clinical utility.
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Introduction

Interleukin-6 (IL-6) is a pleiotropic cytokine that plays a key
role in a wide range of diverse biological activities, such as
immune regulation, haematopoiesis, oncogenesis, inflam-
matory processes, host immune defense mechanism,
modulation of cellular growth, maintaining body tempera-
ture, stimulation of acute phase protein and maturation of
neutrophils in the bone marrow [1, 2]. Elevated IL-6 produc-
tion has been implicated in a large number of cancers,
including multiple myeloma, endometrial cancer, lung
cancer, renal cell carcinoma, cervical cancer, breast cancer,
metastatic hormone-refractory prostate cancer, ovarian can-
cer and Castleman’s disease [3-8]. IL-6 plays an important
role in tumour behaviour, such as cell migration, invasion,
growth of malignancies [9], proliferation, apoptosis [10],
progression [11], angiogenesis and differentiation [12]. IL-6
has also been implicated in autoimmune diseases such as
rheumatoid arthritis (RA) and systemic lupus erythematosus
for its role in driving increased local and systemic
inflammation [13]. Given its role in these diseases, the reduc-
tion of supraphysiologic IL-6 concentrations represents an
attractive target for drug development [14].

Multiple therapeutic approaches have been tried to
reduce IL-6 activity, including targeting the IL-6 receptor
(IL-6R), thereby blocking the binding site of IL-6. An
alternative approach has been to target IL-6 directly and
inhibit its action. IL-6 can bind to both membrane and
soluble IL-6R and activate IL-6 signalling. Tocilizumab is an
anti-human IL-6R monoclonal antibody that specifically
binds to IL-6R and competitively inhibits IL-6 binding, thus
inhibiting the biological activity of IL-6 [15]. Sirukumab
(CNTO 136) is a human anti-IL-6 immunoglobulin GT1
(IgG1) kappa antibody under development by Janssen
Pharmaceuticals in collaboration with GlaxoSmithKline
and is currently being evaluated in a phase lll trial for the
treatment of moderate to severe RA. Siltuximab (CNTO
328) is a humanized anti-IL-6 monoclonal antibody being
developed by Janssen Pharmaceuticals for the treatment
of multicentric Castleman’s disease and potentially smol-
dering multiple myeloma [8,16]. Both antibodies in devel-
opment bind to IL-6 and attenuate the downstream IL-6
signalling pathway.

Localized and systemic concentrations of IL-6 can
vary depending on the stage of the disease. Elevated
systemic IL-6 has been correlated with poor prognoses
and shorter disease-free survival across a range of cancer
types [17]. With the awareness that there is a potential
role for IL-6 as a prognostic marker and the development
of new inhibitory therapies it is critical to measure accu-
rately the circulating concentrations of IL-6.

Elevated IL-6 concentrations produced at the site of
tissue damage can ultimately influence increases in sys-
temic IL-6 burden that may drive acute phase response
and other physiologic changes. The systemic role of IL-6
is heavily dependent on the transport of IL-6, which has
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been reported to exist in different forms or complexes. It
has been shown that IL-6 exists not only as non-complexed
monomers, dimers and trimers, but also in complex with
various partner or chaperone proteins [18]. Also, IL-6 is a
185-amino acid protein that is post-translationally modified
by glycosylation and phosphorylation with five different
molecular forms synthesized in the range of 21.5 to 28
kDa [19, 20]. Ndubuisi et al. [26] have shown that many
enzyme-linked immunosorbent assays (ELISAs) adequately
measure only the low molecular weight or non-complexed
forms of IL-6 (25-30 kDa) and fail to recognize complexed
IL-6 eluting in the range of 200 to 450 kDa. Using the stan-
dard, commercially available IL-6 assays (high sensitivity
ELISA and Meso Scale Discovery [MSD]), complexed IL-6 is
not quantified. Identification of specific combinations of
antibodies that recognize complexed IL-6 is an unmet need
and therefore, the primary goal of this study was to develop
an assay to measure all forms of IL-6, which we termed the
‘panoptic IL-6 MSD assay’ or ‘one that sees all forms'.

To find the right combination of antibodies that could
detect all forms of IL-6 or ‘total IL-6', 36 commercially avail-
able antibodies were screened as capture antibodies in an
ELISA plate-based format with the four best performing
detection antibodies. Four of the best capture/detection
antibody combinations were then screened to find a pair
that gave minimum background and maximum recovery
of IL-6 in the presence of 100% serum matrix. The top-
performing antibody pair was transferred to the MSD plat-
form to reduce serum volume requirements and increase
the signal-to-noise ratio. In order to confirm that the pan-
optic IL-6 MSD assay recognized all forms of IL-6, serum
samples were separated by size exclusion chromatography,
and fractions were collected and assayed for IL-6 on the
newly developed MSD assay. This panoptic IL-6 MSD assay
may be useful to evaluate total IL-6 concentrations across
normal and diseased indications for greater understanding
of IL-6 functionality and response and/or resistance to anti-
IL-6 therapeutics.

Methods

Ethics statement

In this study human plasma samples were purchased
from a commercial vendor with no restrictions of use.
All donors provided written informed consent prior to
blood collection. The blood collection procedures and
consent forms used by the vendor were approved by
the Institutional Review Board of Schulman Associates,
4445 Lake Forest Drive, Suite 300, Cincinnati, Ohio
45242, USA.

Collection of serum samples

Commercially purchased normal human serum samples
(Bioreclamation, Westbury, NY, USA) were used to
develop and validate the various assays. Samples from



patients with RA and multiple myeloma, breast, prostate,
ovarian and pancreatic cancers were also purchased from
Bioreclamation in order to establish the reference range
for the panoptic IL-6 MSD assay. Blood samples were
collected (usually in the morning) from the antecubital area
of consenting healthy volunteers by licensed phleboto-
mists and allowed to clot in anticoagulant-free 450 to 500
ml dry collection bags (Terumo 1BB*D606A) at 4°C
overnight. Sera were separated by centrifugation at 2800 g
for 20 min at 5°C. The separated sera were transferred into
transfer bags using a plasma extractor device to ensure no
red blood cell contamination. The human sera were stored
at 4°C for up to 1 week before being separated into aliquots
in cryo tubes and frozen at —80°C until use.

ELISA for evaluation of capture antibodies
Thirty-six commercial antibodies were purchased from
multiple vendors (Supplemental Table S1) and screened
for their ability to bind IL-6 in human serum. In all exper-
iments, recombinant human IL-6, generated in human
cell lines and verified to contain multiple post-
translational modifications, was utilized. In some experi-
ments, recombinant IL-6 produced in Escherichia coli
was evaluated as a comparison, since it lacked post-
translational modifications. Using a standard plate-based
ELISA format, antibodies were diluted in phosphate-
buffered saline (PBS)/0.05% Tween-20 to 1 ug ml™' and
then plated on a 96-well microplate and incubated over-
night at room temperature. The plates were washed
seven times with PBS/0.05% Tween-20, and then 275 pul
of 2% bovine serum albumin (BSA)/PBS was added to
each well for blocking. Blocking reagent was incubated
for 2.5 h at room temperature. Recombinant human
IL-6 samples (Humanzyme, Chicago, IL, Cat# HZ-1019;
GenWay Biotech Inc, San Diego, CA, USA, Cat# GWB-
95DC02; Peprotech Sciences Inc, Toronto, ON, Canada,
Cat# 200-06) were added to the plate in varying concen-
trations in diluent (PBS/0.05% Tween-20) and incubated
for 2 h atroom temperature. The plates were washed seven
times with PBS/0.05% Tween-20 followed by addition of
1 ug mi™" of detection antibody to each well and incubation
for 1.5 h at room temperature, then again washed seven
times with PBS/0.05% Tween-20 followed by addition of
streptavidin-horseradish peroxidase (HRP) to each well
and incubation for 30 min at room temperature. 2,2"-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (100 pl)
was then added to each well and the plates were read at
450 nm.

For both the standard plate-based ELISA and the
commercial and panoptic IL-6 assays described next,
the recovery of recombinant human IL-6 in spiked sam-
ples and the lower limit of quantification (LLOQ) in serum
matrix were determined to evaluate potential capture-
detection antibody pairs. To be defined as the LLOQ a
standard had to be consistently linear, with a CV within
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25%, and consistently produce acceptable spike recover-
ies between 75-125 % when spiked into the matrix.

Commercial IL-6 MSD assay

A commercially available assay for determining IL-6 con-
centrations in human serum was purchased from MSD
(Rockville, MD, USA Cat# K15TAKC). The assay was per-
formed as per the manufacturer’s instructions and plates
were read using an MSD Sector Imager 6000 instrument.
The data were analyzed using SoftMax Pro 4.6 Enterprise
Edition (Molecular Devices LLC, Sunnyvale, CA, USA).

Biotin conjugation of antibodies for MSD
platform

The antibody labelling procedure utilized reagents that
attach to primary amines on the antibody. The panoptic
IL-6 MSD assay capture antibody was a mouse, anti-
human IL-6 monoclonal antibody (Pierce Protein Biology
Products, division of Thermo Fisher Scientific Inc
[Thermo-Pierce]l, Rockford IL, USA Cat# M620 [clone
5IL6]) and was biotinylated in-house using the EZ-Link
Sulfo-NHS-LC-Biotin reagent (Thermo-Pierce) at a 20: 1 mo-
lar excess. Excess biotin was quenched with NH,Cl and re-
moved by centrifugal filtration. The panoptic IL-6 MSD
assay detection antibody was a mouse, anti-human IL-6
monoclonal antibody (Invitrogen, division of Life Technolo-
gies Corporation [Invitrogen], Grand Island, NY, USA, a cus-
tom unlabelled version of clone 505E23C7) and was
ruthenium labelled using SULFO-TAG™ NHS-Ester (MSD)
at a 12: 1 molar excess. Free ruthenium was removed by
centrifugal filtration. Labelled antibody concentrations
were determined by bicinchoninic acid assay (Thermo-
Pierce).

Panoptic IL-6 MSD assay

An assay for determining panoptic IL-6 concentrations in
human serum was developed in-house using a sandwich
ELISA setup on the MSD platform. A streptavidin-coated,
high-bind MSD plate was blocked with assay buffer (1%
BSA in PBS/0.05% Tween-20, 150 ul per well) for 30 min
while on a shaking platform. The plate was washed three
times with 400 ul of PBS/0.05% Tween-20 and 1 ug ml™
of biotinylated Thermo-Pierce coating antibody was
added to the plate (25 pl per well), which was then
incubated for 30 min while shaking. A standard curve of
recombinant human IL-6 (Humanzyme) with a range of
9.77 to 10000 pg ml~" was created using assay buffer.
The plate was washed as before and 25 ul of standard,
control, and unknown samples were added in duplicates.
The plate was incubated for 60 min while shaking and
washed as before, 1 pug ml~" of ruthenium-labeled
Invitrogen antibody was added (25 pl per well) and the
plate was incubated for 60 min while shaking. The plate
was washed as before, 150 ul of 1X read buffer was
added and the plate was read using an MSD Sector
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Imager 6000 instrument. The data were analyzed using
SoftMax Pro 4.6 Enterprise Edition.

Size exclusion chromatography and fraction
collection

Prior to testing on the MSD commercial IL-6 assay and
the panoptic IL-6 MSD assay, human serum samples were
separated by a size exclusion column and the fractions
were concentrated by centrifugal filtration. Two hundred
milliliters of human serum were thawed from —80°C for
10 min at room temperature. A 300 ml Superdex 200
(GE Healthcare, Waukesha, WI, USA Cat# 17-1043-01),
packed into a 2.5 x 60 cm column (Bio-Rad, Hercules,
CA, USA Cat# 737-2576), was assembled on a Bio-Rad
BioLogic LP instrument. The column was pre-equilibrated
with 1.5 column volumes of wash buffer, Tris HCl pH 7.5
and 150 mM NaCl. Human serum (200 ml) was applied
directly on top of the resin and allowed to enter the
column by gravity. An additional 3 ml of wash buffer
was applied to the top of the resin bed and allowed to
enter the column. A further 5 ml of wash buffer was then
placed on top of the resin and a Bio-Rad column plunger
was positioned on top. The Bio-Rad BiolLogic instrument
was programmed to apply a flow rate of 1.5 ml min™' to
the column. The first 100 ml was determined to be the
void volume by analysis of the size exclusion profile of
protein standards (Bio-Rad, Cat# 151-1901), and it was
discarded. After the void volume, fractions of serum
eluting from the column were collected every 3 min for
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Figure 1

a total of 60 fractions. Size exclusion samples were
concentrated by centrifugal filtration (EMD Millipore
Corporation, Billerica, MA, USA Cat# UFC801024) for 10
to 20 min at 3500 rev min~' and 4°C, to less than 0.5 ml.
The fractions were then stored at —20°C.

Human protein microarray analysis

In order to confirm the specificity of the antibody combina-
tion chosen for the panoptic IL-6 MSD assay, Invitrogen’s
ProtoArray™ Human Protein Microarray v5.0 containing
9000 human proteins spotted was utilized. Siltuximab (hu-
man-mouse chimera), Thermo-Pierce 5IL6 (mouse), GenWay
5E1 (mouse) and Epitomics EBI-R14-19 (rabbit) were profiled
at two separate concentrations of 0.1 ng pl™" and 1.0 ng pl™".
AlexaFluor®647 goat-anti-human IgG was used as the detec-
tion reagent for siltuximab, AlexaFluor®647 rabbit-anti-
mouse IgG was used as the detection reagent for the
Thermo-Pierce 5IL6 and GenWay 5E1 antibodies and
AlexaFluor®647 goat-anti-rabbit IgG was used as the detec-
tion reagent for the Epitomics antibody.

Results

Identification of optimum antibodies for
detecting total IL-6 in standard ELISA
plate-based format

As shown in Supplement Table S1, 36 commercially avail-
able anti-IL-6 antibodies were investigated for their
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Capture antibodies screened for IL-6 capture in combination with four different detection antibodies. Each candidate antibody was used as a capture anti-
body to assess 125 pg ml™" human recombinant IL-6. Detection antibodies from commercially available ELISA kits were used to determine which antibody
pair would result in the best detection of IL-6 in human serum. The approach was repeated for human plasma samples, with similar results (data not shown).
IL-6, interleukin 6; ELISA, enzyme-linked immunosorbent assay; OD, optical density; mAb, monoclonal antibody; det Ab, detection antibody; . Det Ab-1,

[ Det Ab-2, [l Det Ab-3, [l Det Ab-4
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ability to bind recombinant human IL-6 (Humanzyme) in
human serum as matrix (Figure 1). Of the 36 anti-IL-6 an-
tibodies screened, 11 antibodies were ruled out for assay
development (four antibodies had no signal above back-
ground in any of the plates and seven antibodies had no
to very low signals). Twenty-five antibodies produced
signals above background and were chosen for addi-
tional testing (Figure 2). Three of the 25 antibodies were
either from ascites or were polyclonal and were ruled out
for further assay development. The remaining antibody
pairs were further tested for spike-recovery and LLOQ
in serum matrix. In all cases, we used Humanzyme re-
combinant human IL-6 as a protein standard and a non-
biotinylated version of Invitrogen anti-IL-6 antibody
505E23C7 as the detection antibody. Following individ-
ual evaluation, three anti-IL-6 detection antibodies were
identified as potential candidates for further assay devel-
opment, Thermo-Pierce 5IL6, Epitomics EBI-R14-19 and
Ebiosciences 16YOR5/66. These top-performing antibod-
ies were subsequently tested for their ability to immuno-
precipitate all human IL-6 isoforms by two-dimensional
gel (data not shown).

Evaluation of optimal detection antibody
To identify the optimal anti-IL-6 detection antibody in
detecting recombinant human IL-6 spiked into human
serum, four anti-IL.-6 detection antibodies from commer-
cially available ELISA kits (R&D Systems, Thermo Pierce,
PeproTech and Invitrogen) were compared in standard
ELISA format using Thermo-Pierce anti-IL-6 antibody (5IL6)
as a capture antibody (Figure 3A). Invitrogen anti-IL-6
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detection antibody proved superior in combination with
Thermo-Pierce 5IL6. As the final antibody combinations
were selected, three candidates (Thermo-Pierce 5IL6, Epi-
tomics EBI-R14-19 and Ebiosciences 16YOR5/66) were evalu-
ated in a standard ELISA format measuring recombinant
human IL-6 in diluents. Thermo-Pierce 5IL6 demonstrated
slightly higher sensitivity in the lower concentration range
of recombinant human IL-6 (Figure 3B).

Final selection of antibody pairs in panoptic
assay development on MSD platform
Thermo-Pierce 5IL6 and Epitomics EBI-R14-19 were eval-
uated as capture antibodies with Invitrogen anti-IL-6 as
the detection antibody on the MSD platform. These
formats were compared against the MSD kit-based
assays using the IL-6 standard provided in the kit as well
as recombinant human IL-6 from Humanzyme. Serum
samples from healthy human donors (n = 10), patients
with cancer (n = 10) and patients with RA (n = 8) were
evaluated using all five combinations of antibodies listed
above. A majority of samples (four out of five) gave
values that were below the LLOQ and only the combina-
tion of Thermo-Pierce 5IL6 (capture) with Invitrogen
505E23C7 (detection) demonstrated detection of a wide
range of IL-6 values (Figure 4). After additional analysis
for standard spike-recovery in serum matrix and optimizing
for minimizing background and LLOQ signal by standard
laboratory methodology [21], the final antibody pair
(Thermo-Pierce 5IL6 capture antibody and unbiotinylated
Invitrogen 505E23C7 detection antibody) was then validated
on an MSD platform.
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Comparison of capture antibodies in the second round of screening. Capture antibodies that passed the broad first round screening were further eval-
uated in standard ELISA format. Thermo-Pierce 5IL6 (mAb-12; circled) consistently emerged as a superior capture antibody and was included in all
ELISAs to normalize ELISA plate runs. ELISA, enzyme-linked immunosorbent assay; OD, optical density; mAb, monoclonal antibody
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Figure 3

Comparison of top-performing detection and capture antibodies. (A)
Four detection antibodies from commercial IL-6 kits were screened
and compared for their ability to recognize human recombinant IL-6.
Thermo-Pierce 5IL6 was used as a capture antibody. Invitrogen detec-
tion antibody (505E23C7) was selected as the detection antibody for
future screenings. (B) The three top-performing capture monoclonal
anti-IL-6 antibodies (Thermo-Pierce 5IL6, Ebiosciences 16YOR5/66 and
Epitomics EBI-R14-19) were compared in a single analysis. The detec-
tion antibody was Invitrogen ELISA detection antibody 505E23C7.
IL-6, interleukin 6; hIL6, human interleukin 6; ELISA, enzyme-linked
immunosorbent assay; OD, optical density; det Ab, detection antibody,
=== R&D det mAb, === Thermo-Pierce det MAD, === PeproTech
det mADb, === Invitrogen det mAb, ==fill== Thermo-Pierce 5IL6, ===
Ebiosciences 16YOR5/66, ==gy== Epitomics EBI-R14-19

A further analysis demonstrated that siltuximab,
Thermo-Pierce 5IL6, Epitomics and GenWay 5E1 all
bound only IL-6 in the ProtoArray human protein array,
with siltuximab having the highest signal, followed by
Thermo-Pierce 5IL6, then GenWay 5E1 and finally Epitomics
(data not shown). This also confirmed the choice of
Thermo-Pierce 5IL6 for use in the panoptic IL-6 MSD assay.

Validation of panoptic IL-6 MSD assay
Validation parameters included assessment of standard
curve, LLOQ, assay variability (inter-subject, inter-assay,
intra-assay and inter-operator), spike-recovery, stability,
assay ruggedness and dilutional linearity (Table 1). Stan-
dard curves in the range of 9.77 to 10000 pg ml~" and
three controls (low, medium and high) were run on every
MSD plate during the course of validation. The LLOQ for
the assay was determined to be 9.77 pg ml™', as assessed
in normal human serum (n = 20). The higher values de-
tected in some of the normal serum samples in the pan-
optic IL-6 MSD assay may have been due to undiagnosed
conditions in these patients. The percent recovery
ranged from 93.13% to 113.27%. The overall pooled
inter-assay coefficient of variation was 20.12% and the
overall pooled intra-assay coefficient of variation was
8.67%. The spike recovery at the low (150 pg mI™") and
high (2500 pg mI™") concentrations of IL-6 demonstrated
an average recovery of 85.04% in normal human serum
and 100.32% in disease serum samples (multiple mye-
loma and breast cancer) using the method described by
Chaturvedi et al. [21].

It was determined that serum samples can be ex-
posed to five freeze/thaw cycles without significantly
(described as 100 + 25% recovery) affecting IL-6 concen-
tration. IL-6 concentrations in serum ranged from <9.77
to 883.4 pg ml~" in normal human serum (n = 20), 11.13
to 1901.96 pg ml~" in breast cancer (n = 10), 40.75 to
473.39 pg ml™" in RA (n = 10), <9.77 to 22.35 pg ml™" in
prostate cancer (n = 3), <9.77 to 1313.11 pg ml~" in mul-
tiple myeloma (n = 3), <9.77 to 18.71 pg ml~" in ovarian
cancer (n = 2) and <9.77 pg ml™" in pancreatic cancer

(n = 1) samples (Figure 5). Interestingly, the median
Normal HS Cancer RA
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Figure 4

Final antibody pair selection for determining the best pair that gives the maximum spread of values. Capture/detection antibody pairs evaluated shown
respectively: (A) CNTO328/Invitrogen 505E23C7, (B) Thermo-Pierce 5IL6/Invitrogen 505E23C7, (C) Epitomics EBI-R14-19/Invitrogen 505E23C7, (D) MSD
IL-6 kit assay and (E) MSD IL-6 kit assay with the Humanzyme IL-6 standard. Solid line indicates LLOQ at 9.77 pg ml™" and dotted line indicates LLOQ at
1.22 pg mi™". IL-6, interleukin 6; HS, human serum; RA, rheumatoid arthritis; MSD, Meso Scale Discovery; LLOQ, lower limit of quantification
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Table 1
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Validation parameters of panoptic IL-6 MSD assay and the commercial IL-6 MSD assay

Validation parameters

9.77-10000.00 pg ml”"
9.77 pgml”’

Linear standard curve
Lower limit of quantitation

Inter-patient variability

Inter-assay precision 20.12%
Intra-assay precision 8.67%

Inter-operator variability 18.98%
Spike recovery (n = 6) 85.04%

Freeze/thaw stability
Short term antigen stability
Assay ruggedness

Dilution linearity

Panoptic IL-6 MSD assay

Normals (n = 20) <9.77-883.40 pg ml ™"

Stable through five freeze/thaw cycles
Stable up to 6 days at 4°C
Up to four plates can be run in sequence

Endogenous samples with concentrations
>10000 pg ml™" cannot be diluted linearly

Commercial IL-6 MSD assay

1.22-2500.00 pg ml™"

1.22pgml”

Normals (n = 34) <1.22-8.82 pg ml”'
8.46%

5.07%

8.81%

89.89%

Stable through three freeze/thaw cycles*
Stable up to 5 days at 4°C+

Up to four plates can be run in sequence

Not performed

IL-6, interleukin 6; MSD Meso Scale Discovery. *Freeze/thaw stability was not measured beyond three cycles. tStability at 4°C was not measured beyond 5 days.
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Figure 5

IL-6 concentrations in normal and disease sera samples as measured by
panoptic IL-6, MSD assay; IL-6, interleukin 6; MSD, Meso Scale Discovery;
HS, human serum; RA, rheumatoid arthritis

values increased from 20.36 pg ml™" in normal human se-
rum to 48.50 pg ml™" in breast cancer and 180.72 pg ml™'
in RA serum samples suggesting higher IL-6 concentrations
in patients with disease Acceptable dilutional linearity
(average recovery = 107.39%) was calculated up to and
including a dilution of 1: 128 for pre-spiked samples. Sam-
ples with endogenous IL-6 concentrations that were higher
than the upper range of the curve (i.e. 10000 pg mI™") could
not be linearly diluted, and therefore, the concentrations
for these samples should be reported as >10000 pg ml™'
(upper limit of quantitation). There was acceptable varia-
tion (<25% coefficient of variation) between two differ-
ent labelled lots of Thermo-Pierce biotin and detection
antibody. Based on acceptable assay performance using
a range of validation parameters (including low inter-
assay and intra-assay variability, spike recovery and
LLOQ) in human serum and plasma (data not shown)

and the antigen stability for at least 6 days at 4°C and
over multiple freeze/thaw cycles, this assay can be used
for testing clinical study samples. The panoptic IL-6
MSD assay was also validated with human plasma sam-
ples and showed good concordance with human serum
(data not shown).

Comparison of IL-6 measurement between
panoptic IL-6 MSD assay and commercial IL-6
MSD kit

The concentrations of IL-6 can be much higher than
those detected by the commercially available assays
compared with the panoptic IL-6 MSD assay. A rationale
for this observation is that the Thermo-Pierce 5IL6
capture antibody is able to recognize a variety of IL-6
complexes of different molecular weights [22-24],
whereas the commercially available MSD IL-6 kit assay
only recognizes low molecular weight (i.e. uncomplexed)
serum IL-6. This was further tested by separating serum
IL-6 by size exclusion chromatography into fractions
[18] and then measured using the panoptic and commer-
cial IL-6 MSD assays to determine concentrations of IL-6
in each fraction.

To investigate the distinction between the two as-
says, RA (n = 7) and myelodysplastic syndrome (n = 6)
samples were run on Superdex 200 columns as described
above and collected into 60 fractions. The immunologic
property of IL-6 was tested in each of the gel filtration el-
uate fractions on both the MSD and panoptic IL-6 MSD
assay. Complete analysis for each fraction is shown in
Figure 6. Figure 6A shows IL-6 quantification in each frac-
tion measured using the commercial IL-6 MSD assay,
confirming earlier observations that many commercial
IL-6 assays effectively quantify the low molecular weight,
non-complexed forms of IL-6 (i.e. from 10-50 kDa) and
less effective at quantifying the high molecular weight,
complexed forms of IL-6. In contrast to the commercial

Br ) Clin Pharmacol / 80:4 / 693



m S. Chaturvedi et al.

©
a ©
z g 3 3
Irs) o X X
e 3 3 e
A Vo ' '
45—
40
35
‘,-A 30'
-
E 25_
<
:?'20-
= 15
10
5_
0 T T T

T T T
0 10 20 30 40 50
Fractions off SEC

Figure 6
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Superdex 200 gel filtration and immunologic characterization of IL-6 in serum from patients with RA (n = 7) and patients with MDS (n = 6). (A) IL-6
concentrations of each fraction assayed using commercial MSD assay and (B) IL-6 concentrations of each fraction assayed using the panoptic IL-6 assay.

IL-6, interleukin 6; MDS, myelodysplastic syndrome; MSD, Meso Scale Discovery; SEC, size exclusion column,
MDS 1, —O— MDS 2, =}~ MDS 3,

—8—RAS5 ——-RA6, —<—RA7,

MSD assay, the panoptic IL-6 MSD assay quantified both
high molecular weight, complexed IL-6 in the range of
1650 to 500 kDa and low molecular weight, non-
complexed IL-6 (Figure 6B). Both assays detected a high
molecular weight form of IL-6 in one sample (MDS 3) al-
though at lower levels in the commercial IL-6 assay. The
reasons for detection of higher molecular weight IL-6 by
the commercial assay in this sample were not apparent. It
may have been due to unknown biological features specific
to this patient or that the commercial assay showed partial
inconsistent efficacy in some situations.

Thirteen human serum samples from donors with RA
(n =7) or myelodysplastic syndrome (MDS, n = 6) were pur-
chased from a commercial vendor and tested for serum IL-6
concentrations using both the panoptic IL-6 MSD assay and
the MSD IL-6 kit assay (Table 2). Seven of the 13 samples
(53.84%,#1, 2, 3,4,5,8and 9) demonstrated high IL-6 con-
centrations by the panoptic MSD assay compared with the
commercial MSD assay and five of the 13 samples (38.46%,
#6,7,11,12 and 13) had almost similar quantifiable IL-6
measurements using both the assays. However, there was
only one sample (7.69%, sample #10) that demonstrated
higher IL-6 values by the commercial MSD assay compared
with the panoptic IL-6 MSD assay.

Discussion

IL-6 is a pleiotropic cytokine linked to multiple biological
pathways and pathologies, and because of its central role
in inflammation, IL-6 and IL-6R have become attractive
targets for drug development [25]. Tocilizumab is a
monoclonal antibody that targets IL-6R and has been ap-
proved for use in Japan, Europe and the United States for
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Table 2

IL-6 measurement using the panoptic MSD assay and the commercial
MSD assay prior to gel filtration column

Panoptic IL-6 MSD  Commercial IL-6 MSD

Disease = Sample number assay (pg ml_1) assay (pg ml_1)
RA 1 Sample #01 1866.25 29
RA 2 Sample #02 381.42 5.73
RA 3 Sample #03 446.72 46.89
RA4 Sample #04 76.32 10.19
RA S5 Sample #05 54.95 40.63
RA 6 Sample #06 21.77 21.44
RA7 Sample #07 73.32 84.09
MDS 1 Sample #08 764.2 4.26
MDS 2 Sample #09 193.15 249
MDS 3 Sample #10 43.84 104.76
MDS 4 Sample #11 35.19 48.92
MDS 5 Sample #12 64.84 77.3
MDS 6 Sample #13 3533 39.43

IL-6, interleukin 6; MSD, Meso Scale Discovery; RA, rheumatoid arthritis; MDS,
myelodysplastic syndrome

treatment of RA [26]. It has also received approval for the
treatment of Castleman’s disease in Japan [27].
Sirukumab is a monoclonal antibody that targets IL-6
and is currently in phase lll clinical development for
adults with moderate to severe RA. Siltuximab, an anti-
IL-6 antibody, is currently being evaluated in high risk,
smoldering multiple myeloma and has been approved
for the treatment of multicentric Castleman’s disease in
the European Union and United States.

Given the future of IL-6 therapies, it is important to
measure accurately total IL-6 burden (i.e. both non-
complexed and complexed to other proteins). On



examining the literature, there are large discrepancies in
trying to define the accurate reference range for healthy
donors and patients with disease. There are multiple
methods in use for IL-6 measurement, including bioas-
says, radioimmunoassay or standard ELISA [28-30]. Other
factors adding to the discrepancies could include the
time of blood draw [30], the presence of IL-6 binding pro-
teins in serum [18] and post-translational modifications
of IL-6 [29], which might affect the ability of the capture
antibody to recognize all forms of IL-6. In addition, anti-
bodies used in these assays recognize different epitopes
of IL-6 and may contribute to variability in reported refer-
ence ranges. Another important point is that besides
human IL-6, viral IL-6 may play a role in the pathogenesis
of other diseases (e.g. HIV or HHV-8 related Castleman’s
disease), which may confound the accurate measure-
ment of IL-6 burden. Additional work needs to be
performed in order to understand if this assay differenti-
ates between the two types of IL-6.

During the course of development of the panoptic
IL-6 MSD assay, we realized that many commercial assays
use the standard E. coli-derived recombinant IL-6 that
does not contain post-translational modifications similar
to those found in humans. It remains unclear what signif-
icance or biological implications these modifications
have, but they certainly play a significant role in the
ability of antibodies to recognize human IL-6 in serum
[18]. Endogenous circulating IL-6 contains multiple iso-
forms, such as phosphorylated, O-glycosylated and N-
glycosylated, to name a few [31, 32]. At least 12 different
isoforms of IL-6 that have post-translational modifica-
tions, such as glycosylation and phosphorylation from
human monocytes and fibroblasts, have been seen [33].
Recent work from our laboratory has shown that IL-6
from healthy or diseased samples may contain more than
20 different isoforms with multiple post-translational
modifications as identified on two dimensional gels (data
not shown). Given the enormous evidence for several
isoforms of IL-6, it was important to use humanized IL-6
instead of E. coli-derived recombinant IL-6 based on its
similar migration pattern on 2-D gels in order to obtain
optimum results for the assay.

Although C-reactive protein is a sensitive surrogate
biomarker for IL-6 activity [34], the association between
serum IL-6 and C-reactive protein can differ depending
on the study and test employed. Thus, there is a need
for a more accurate way to quantify IL-6 burden in
healthy donors vs. diseased patients (e.g. those with
cancer, RA or cardiovascular disease). For this reason,
we sought to develop the panoptic IL-6 MSD assay,
which can measure all forms of IL-6, complexed and
non-complexed. It is unclear how IL-6 post-translational
modifications (i.e. independently of chaperone/complex
proteins) affect IL-6 biological activity, but it is conceiv-
able that post-translational modifications can directly
impact IL-6 bioactivity and the extent of formation of
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secondary complexes with other proteins. There are
significant efforts toward developing drugs that interfere
with either IL-6 or IL-6R across multiple disease states.
Therefore, it will be crucial to develop an assay that can
detect all forms of IL-6. While the non-complexed forms
of IL-6 may be most relevant in some situations, both
complexed and non-complexed IL-6 may be critical in
others. Therefore, we developed and validated a novel
assay that enables evaluation of IL-6 in both complex
and non-complex forms. The designation ‘panoptic
assay’ differentiates it from other tests that claim to
detect all forms of IL-6. However, we do not make the
claim that the panoptic assay is the definitive solution
to this complicated issue. More data need to be gener-
ated using all IL-6 assays in order to draw any meaning-
ful, statistically significant conclusions.

Obtaining these data will be facilitated by the suc-
cessful transfer of the panoptic IL-6 MSD assay to a cen-
tral laboratory where it is currently being used to
measure total systemic IL-6 in ongoing clinical studies.
The potential clinical utility of the assay has begun to
be explored beyond its initial restricted application in
drug registration trials. A recent study conducted in a
clinical centre that treats multicentric Castleman’s dis-
ease patients used the assay to investigate the effect of
IL-6R polymorphisms in normal and affected individuals
[35]. Reliable quantification of total systemic IL-6 was an
essential prerequisite in order to understand associations
between IL-6R polymorphisms and the disease state.
Examples of these types of studies and future evaluations
may provide more insight into the role of various forms
of IL-6 in clinical settings.

In conclusion, IL-6 is a pleiotropic molecule with
biological significance in numerous malignancies and
immunologic diseases. There are currently multiple
drugs in development or approved for clinical use that
target IL-6, IL-6R or closely related pathways. Utilization
of these drugs requires careful monitoring of IL-6 con-
centrations. We have developed a novel panoptic IL-6
MSD assay that measures both high and low molecular
weight IL-6. The biological significance of these multiple
forms of IL-6 is not yet understood, but tools such as the
described panoptic IL-6 MSD assay will hopefully provide
insight into the role of IL-6 in normal and disease
processes.
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