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Aim: IL-17 is thought to play a prominent role in immune disorders. Sensitive and 
specific IL-17AA and IL-17FF assays were developed and used to determine levels in 
serum and cerebrospinal fluid (CSF) from patients with rheumatoid arthritis and 
relapsing remitting multiple sclerosis (RRMS). Results: Qualified assays detected 
IL-17AA and IL-17FF in healthy and disease samples. Serum IL-17AA was significantly 
higher in rheumatoid arthritis and RRMS as compared with normal healthy subjects. 
IL-17AA was also elevated in RRMS CSF as compared with normal healthy subjects; 
although correlation was observed between serum levels of the two isoforms, no 
correlation was detected between serum and CSF levels. Conclusion: Reliable 
determination of IL-17 isoforms in the systemic and CNS compartments sheds light on 
the involvement of IL-17AA and IL-17FF in autoimmunity.
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IL-17 is a proinflammatory cytokine that plays 
a key role in host defense against extracellu-
lar bacterial and fungal infections [1]. IL-17 
recruits monocytes and neutrophils to sites of 
inflammation and is thought to be the cen-
tral mediator of cellular immunity, regulating 
critical proinflammatory cytokines [2].

IL-17A and IL-17F are two of the six 
known members (A–F) of the IL-17 cytokine 
family with 50% sequence homology. Of the 
six, IL-17A and IL-17F are produced by Th17 
T cells and other immune cells and are the 
most studied IL-17 isoforms [3]. Interestingly, 
although these dimers share similar recep-
tors, evidence suggests that because IL-17A 
and IL-17F differentially regulate secretion 
of chemokines specifically in the presence 
of other proinflammatory cytokines, such as 
TNF-α and IL-1β, they may not impact the 
inflammatory process equally [4]. IL-17 iso-
forms are secreted as 35-kDa active homodi-
mers (AA and FF), or as active heterodimers 
(AF) [5]. IL-17AA, IL-17FF and IL-17AF 

bind the same receptor complex comprising 
IL-17RA and IL-17RC subunits. IL-17AF 
heterodimers were reported to elicit a milder 
proinflammatory response as compared with 
the IL-17 homodimers [6].

There are three major subsets of IL-17-pro-
ducing cells; Th17, RORγt+ innate lymphoid 
cells (IL-17+ ILC3) and γδ T cells [7]. In addi-
tion, innate immune cells, such as macro-
phages, are also reported to express IL-17AA 
and IL-17FF. There is evidence that regula-
tion of secretion of IL-17AA and IL-17FF 
may depend on the microenvironment and 
may be distinct in different IL-17-producing 
cells [8].

The pathogenic properties of Th17 cells 
and their involvement in autoimmunity were 
recently reported [9], and increased produc-
tion of IL-17 has been associated with sev-
eral autoimmune disorders including psoria-
sis, rheumatoid arthritis (RA) and multiple 
sclerosis (MS) [10]. In RA, IL-17 contrib-
utes to cartilage destruction by stimulating 
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the expression of cartilage-degrading enzymes and 
to bone destruction by enhancing the expression of 
RANKL on osteoblasts that activate RANK-positive 
osteoclasts [11].

There is a substantial body of literature suggesting a 
role of IL-17 in MS. IL-17 is produced by infiltrating 
immune cells and can act on astrocytes and microglial 
cells to stimulate production of proinflammatory cyto-
kines and chemokines. Previously, mRNA expression 
of IL-17 was detected in perivascular lymphocytes, as 
well as in astrocytes and oligodendrocytes located in 
the areas of active MS lesions. Furthermore, this was 
accompanied by a significant increase in the number 
of IL-17+ T cells in active lesions and not in MS lesions 
thought to be inactive [12].

Recently, IL-17A has generated significant interest 
as a therapeutic target for synovial inflammation and 
joint destruction in RA and as a potential therapy for 
MS. Several antibody therapeutics that inhibit IL-17A 
or its respective receptor have been evaluated in clini-
cal trials, including secukinumab (Cosentyx®), ixeki-
zumab and brodalumab, which target IL-17 for RA 
and psoriasis [13–15]. Secukinumab is the first-in-class 
anti-IL-17 agent, initially approved for the treatment 
of plaque psoriasis, and more recently for the treat-
ment of ankylosing spondylitis and psoriatic arthritis. 
Secukinumab has also shown promise as a therapy for 
MS supporting an active role for Th17 cells in MS [16]. 
Although there is mounting evidence that both circu-
lating and central Th17 cells contribute to MS pathol-
ogy, the relative contribution of different Th17 popula-
tions and the derived IL-17AA and IL-17FF isoforms is 
not fully understood.

As the interest in the biology of IL-17 continues to 
grow, accurately measuring the level of the circulating 
cytokine in clinical samples from patients with various 
autoimmune pathologies has become critical. Immu-
noassays used for the quantification of circulating 
IL-17 are still evolving, and a wide range of IL-17 levels 
have been reported in the literature using a number of 
assay platforms and reagents [17–25].

However, many of the assays used have limitations 
due to several factors: no evaluation of assay specificity 
was included; assay’s sensitivity is often insufficient to 
accurately determine IL-17 in body fluids; careful eval-
uation of background signal was not performed and 
there is no inclusion of heterophilic antibody-blocking 
agents to reduce false-positive interference; and basic 
information on assay performance and characteriza-
tion is lacking. In addition, it is often hard to deter-
mine which IL-17 isoform is being measured since this 
information is often lacking in published reports. As 
a result, reported serum values from normal healthy 
subjects (NHS) are highly variable and range from 

undetectable to >100 pg/ml. Only a few studies have 
appropriately characterized their assay, and their results 
suggest that circulating IL-17 levels are present at sin-
gle-digit pg/ml to sub-pg/ml levels in samples from 
normal subjects or in patients with chronic inflamma-
tory conditions. For example, a well-qualified IL-17AA 
and IL-17FF ELISA method with an LLOQ of 1.6 
and 12.3 pg/ml for IL-17AA and IL-17FF, respec-
tively, failed to detect serum IL-17 from RA patients 
or NHS in any of the samples tested [20]. Consistently, 
reference values for serum IL-17AA in healthy subjects 
were recently published, using the Singulex high-
sensitivity platform, reporting upper 95th percentile 
limit of 1.93 pg/ml with the majority of values regis-
tered at the sub-pg/ml level [24]. Less information is 
available on assays that can provide a reliable quantita-
tion of IL-17FF in health and disease. For example, 
median serum levels of 20 pg/ml were previously 
reported for IL-17FF [17]. This is, however, in contrast 
to the report by DeForge et al. that could not quantify 
serum IL-17FF in any of the samples tested using a 
well-qualified assay with an LLOQ of 12.3 pg/ml [20].

Hence, while several studies report IL-17 levels in 
serum and cerebrospinal fluid (CSF), the majority of 
assays still lack the sensitivity and isoform selectiv-
ity further needed for a reliable detection of IL-17AA 
and IL-17FF in normal and disease state biofluids. 
Signal specificity and the differentiation from back-
ground signal in the relevant matrix is of prime impor-
tance when measuring low-abundance analytes, but 
such information is generally lacking in previously 
published reports.

Here, we have developed sensitive immunoassays 
using the Singulex Erenna® platform. These assays 
utilize well-characterized antibody reagents that spe-
cifically react with IL-17AA and IL-17FF, and were 
qualified using appropriate biological matrices. In this 
study, we used these assays to determine levels of IL-
17AA and IL-17FF in serum and CSF in normal, RA 
and relapsing remitting multiple sclerosis (RRMS) 
subjects to elucidate the relationship between IL-17AA 
and IL-17FF in systemic and CNS compartments. 
These results shed light on IL-17 regulatory mecha-
nisms in both RA and RRMS disease populations and 
highlight the value of sensitive assays that distinguish 
between the various IL-17 isoforms.

Material & methods
IL-17AA, IL-17FF & IL-17AF production 
& characterization
Human IL-17AA, IL-17FF and IL-17AF (Genen-
tech CR094, lot 001 and Genentech CRO75, lot 
002, respectively) were produced in Chinese ham-
ster ovary cells and purified proteins were verified by 
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N-terminal sequencing and peptide mass fingerprint-
ing. Functional dimers were formed spontaneously and 
evaluated by LC. Production of IL-17AF was done as 
previously described [20].

Antibody reagents
Monoclonal antibody (MAb) clones (MAb1 and 
MAb2) against IL-17-FF were derived from hybridoma 
cell lines. Both antibodies were produced from mice 
immunized with IL-17FF immunogen, and transiently 
expressed in Chinese hamster ovary cells harboring 
IgG2a κ framework. IL-17AA monoclonal antibody 
(MAb3) was derived from a mouse IgG2a κ hybrid-
oma cell line. IL-17AA and IL-17FF captured antibod-
ies, MAb3 and MAb1, respectively, were immobilized 
on magnetic particles (MPs) by Singulex (CA, USA). 
MPs coated at 25-μg Ab/mg MP were used for sample 
immunodepletion in the assessment of specificity, and 
the MPs coated at 12.5-μg Ab/mg MP were used as 
capture reagents in the final assay format. IL-17AA 
and IL-17FF detection antibodies, polyclonal antibody 
(pAb, goat) AF317NA (R&D Systems) and Genen-
tech MAb2, respectively, were conjugated to a detec-
tion fluorophore at Singulex. IL-17AA and IL-17FF 
standard diluent, Singulex 02-0067-00, was used to 
dilute the standard curve analytes. IL-17AA assay buf-
fer (600 mM NaCl with 0.5% Triton X (TX)-100; 
Singulex) was used to dilute MPs. IL-17FF assay buf-
fer (450 mM NaCl with 0.5% TX-100; Singulex) 
or IL-17AA high-salt sample diluent (2× assay buf-
fer: 1200 mM NaCl with 1.0% TX-100; Singulex) 
was used for sample dilution. Wash buffer (Singulex, 
02-0514-00) was used at 1× for all wash steps. Elution 
buffer (Singulex) was used to dissociate the detection 
antibody from the MPs.

Software, materials & equipment
Materials used in this evaluation included the fol-
lowing: 96-well microtiter plates for assay incubation 
(Pall, 5041); 96-well filter plates for sample and detec-
tion antibody filtration (E&K Scientific, EK2470); 
384-well plates for signal reading (Nunc, 264573); 
Jitterbug shaker (Boekel Scientific); and a HydroFlex 
plate washer (Tecan). Singulex Sgx link™ was used 
for statistical analysis and a Singulex SMDCurveFit™ 
algorithm was used for generation of standard curves 
and interpolation of data.

Immunoassay procedure
Ab-coated MPs were diluted to 50 μg/ml in assay buffer. 
Samples were prepared by diluting twofold into high-salt 
assay buffer. Diluted standard or sample (100 μl) was 
mixed with 100 μl of MPs (5 μg MP per well) and incu-
bated for 2 h at 25°C, shaking in the Jitterbug (speed 5), 

followed by a single wash. The IL-17AA or IL-17FF 
detection antibodies were added at a final concentration 
of 500 ng/ml in assay buffer for IL-17AA and 100 ng/ml 
in assay buffer for IL-17FF. The MPs were transferred 
from the initial 96-well assay plate to a new plate to avoid 
eluting any nonspecific plate-bound detection reagent. 
The IL-17AA- and/or IL-17FF-specifically-bound detec-
tion reagent was then eluted with 10 μl elution buffer and 
detected by single molecule counting using the Erenna® 
system. All assays were performed at Singulex. To deter-
mine signal specificity in serum or CSF, Ab-coated MPs 
were prepared by binding capture antibody at 25-μg/mg 
MP. Samples were diluted 1:2 in high-salt assay buffer 
(125 μl sample in 125 μl 2× assay buffer), then incubated 
with MP at 20 μg MP/100 μl sample. The depletion 
plate was incubated for 1 h on a shaker at 25°C. At the 
end of the incubation, the depletion plate was placed on 
a magnetic plate for 2 min to separate the MPs. Sample 
supernatant was transferred to the assay plate in duplicate 
(100 μl/well) for further analysis.

Preparation of quality control samples 
for IL-17AA & IL-17FF
NHS pools were used as quality control (QC) samples. 
The low QC and mid-QC were from tested samples 
that had low or middle levels of endogenous cytokine, 
respectively. The high QC was prepared from pooled 
NHS that was spiked with recombinant analyte to 
approximately 20 pg/ml analyte.

Table 1. Performance of IL-17AA and IL-17FF assays.

Parameter IL-17AA IL-17FF

LLOQ (pg/ml) 0.1 0.1

Intra-assay %CV:

– Low control 13 7

– Mid control 15 9

– High control 3 1

Inter-assay %CV:

– Low control 9 16

– Mid control 11 7

– High control 6 8

Spike recovery (%):

– Serum 88–120 98–107

– CSF 118 94–114

Dilution linearity CSF (%) 82–120 92–107

Cross-reactivity (%):

– IL-17AA – 0

– IL-17FF 0 –

– IL-17AF 35 1.5

CSF: Cerebrospinal fluid; CV: Coefficient of variation.
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Figure 1. IL-17AA and IL-17FF assay specificity by 
immuno-depletion. IL-17AA and IL-17FF were measured 
in human serum (3 normal healthy subjects and 2 RA). 
IL-17AA was also tested in human CSF (5 normal healthy 
subjects). Dotted line represents LLOQ. Values below 
LLOQ were imputed to 0.05 pg/ml. IL-17FF was not 
detected in CSF samples in this experiment. 
CSF: Cerebrospinal fluid.
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Determination of assay range
A 12-point calibration curve was prepared for each 
run in Singulex standard assay diluent. The reference 
standard was diluted to a final working concentration 
of 25 pg/ml for both IL-17FF and IL-17AA assays. 
Data were obtained using Singulex Sgx Link software 
and analyzed using the SMDCurveFit algorithm. The 
LODs for the standard curves in standard diluent were 
determined by 2 × (the standard deviation of back-
ground)/(slope of the curve) on the day the assay was 
run. The LLOQ was determined by adding exogenous 
recombinant standards to individual samples and eval-
uating acceptable recovery as that within ±20% of the 
nominal concentration.

Assessment of linearity & recovery
Recombinant IL-17AA or FF was spiked (6.25 pg/ml) 
into CSF samples to determine the recovery and linear-
ity of dilution. The spiked samples were serially diluted 
in twofold steps in assay diluent to 1:8. The samples 
were then diluted twofold in high-salt assay buffer before 
testing. For serum samples, the aliquots were analyte-
depleted, and then spiked with IL-17AA or IL-17FF to 
final concentrations of 0.1, 0.2, 0.3, 1 and 10 pg/ml. 
Spike recovery was calculated as follows: measured mean 
([IL-17AA] - endogenous [IL-17AA])/expected spike 
(IL-17AA) × 100. Linearity of dilution was calculated as 
follows: measured mean (IL-17AA) × 2/concentration 
of the previous dilution × 100.

Assessment of assay precision
Intra-assay precision was determined by measuring the 
QC samples. For intra-assay precision, six replicates 
from three separate controls were evaluated. Inter-assay 
precision was evaluated in three assay runs over 3 days, 
using three controls and two replicates.

Evaluation of assay specificity
Quantitation of IL-17FF in the AA assay, IL-17AA 
in the FF assay and IL-17A/F in both the AA and FF 
assays was evaluated by spiking various concentrations 
of the analyte of interest into assay diluent and calcu-
lating the percent cross-reactivity. In addition, specific 
signal was evaluated by the addition of recombinant-
specific analyte to standard diluent or matrix samples 
and then immunodepleted with analyte-specific MPs or 
nonspecific MPs. Signal specificity was also evaluated 
by analyte-specific MP depletion of endogenous analyte 
in normal CSF, NHS and RA serum.
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Samples & sample analysis
Serum samples from NHS were obtained from Pre-
cisionMed, Inc. (CA, USA) and from Bioreclama-
tionIVT (NY, USA) (Supplementary Table 8A). 
Serum samples from RA patients were obtained from 
BioreclamationIVT (Supplementary Table 8B). 
Serum and CSF samples from 50 RRMS patients 
were obtained from PrecisionMed, Inc. (Table 4 
& Supplementary Table 9). Normal CSF was obtained 
from PrecisionMed, Inc. and BioreclamationIVT 
(Supplementary Table 8A [rows 11–20] & 9). Serum sam-
ples were filtered using a 0.2-μm filter plate. Samples 
were diluted 1:2 in high-salt assay buffer and in some 
cases subjected to analyte depletion. Nondepleted 
samples were treated similarly to depleted samples 
(i.e., diluted and placed on a shaker during the incu-
bation for analyte depletion). Heterophilic antibody 
inhibitors were included in all assays.

Results
Development & characterization of IL-17AA 
& IL-17FF assays
Final assay characteristics for IL-17AA and IL-FF are 
summarized in Table 1. Representative standard curves 
illustrate the linearity achieved at the sub-pg/ml level 
(Supplementary Figure 1 & Supplementary Table 1) 
for both the IL-17AA and IL-17FF assays. Inter-assay 
precision for both assays was acceptable by the same 
criterion, with ranges of 3–15 and 1–9%, respec-
tively (Supplementary Table 2). Intra-assay preci-
sion of IL-17AA and IL-17FF ranged from 6–11 
and 7–16% CV, respectively. Accuracy was assessed 
in analyte-depleted samples of NHS CSF and in 
sera from patients. Sera from NHS and RA patients 
(n = 5), as well as CSF from NHS patients (n = 5), 
met the criteria of ±20% recovery from nominal at 
all levels tested (Supplementary Table 3). Given the 
acceptable recovery data, the LLOQ in the matrix 
was set at 0.1 pg/ml for both IL-17AA and IL-17FF 
(Table 1). Normal CSF samples were evaluated for lin-
earity and all samples and dilutions met the accept-
ability criterion by being within ±20% of the previous 
dilution, and recoveries were within ±20% of nomi-
nal (Supplementary Table 4). No cross-reactivity was 
detected between the IL-17AA and the IL-17FF assays 
(Supplementary Table 5). Minimal cross-reactivity 
(1.5%) to IL-17AF was detected in the IL-17FF assay 
at concentrations of up to 10 pg/ml. There was 35% 
cross-reactivity when IL-17AF was measured in the 
IL-17AA assay at 10 pg/ml (Supplementary Table 5). 
This was most likely due to the assay configuration 
utilizing a polyclonal antibody for detection.

To determine signal specificity, serum that was spiked 
in with IL-17AA or IL-17FF (Supplementary Table 6) 

as well as serum and CSF samples containing endog-
enous IL-17 (Figure 1) was immunodepleted of specific 
analyte signal using MP-specific antibody particles 
and compared with nondepleted samples. Depleted 
matrix values quantitated below the LLOQ for both 
assays, confirming the specificity of the detected signal 
(Figure 1).

IL-17AA & IL-17FF levels in sera from NHS, RA 
& RRMS patients
IL-17AA and IL-17FF were determined in serum 
samples from NHS, RA and RRMS patients 
(Figure 2, Tables 2 & 3; see Supplementary Tables 8 & 9 
for detailed demographic information). Out of the total 
86 samples that were tested, only 2 were below LLOQ. 
Median serum levels of IL-17AA and IL-17FF in 

Table 2. IL-17AA serum levels in normal healthy subjects, 
rheumatoid arthritis and relapsing remitting multiple sclerosis 
patients.

Parameter NHS RA RRMS

n 19 16 50

Minimum 0.10 0.15 0.15

Q1 0.19 0.52 0.32

Median 0.32 0.69 0.46

Q3 0.54 1.07 0.62

Maximum 0.85 6.68 1.38

Mean 0.36 1.3 0.50

Lower 95% CI 0.26 0.33 0.43

Upper 95% CI 0.47 2.30 0.57

Values are in pg/ml. Samples were tested in duplicates.
NHS: Normal healthy subject; Q: Quartile; RA: Rheumatoid arthritis; RRMS: Relapsing 
remitting multiple sclerosis.

Table 3. IL-17FF serum levels in normal healthy subjects, 
rheumatoid arthritis and relapsing remitting multiple sclerosis 
patients

Parameter NHS RA RRMS

n 19 16 50

Minimum 0.28 0.21 0.10

Q1 25% 0.42 0.68 0.55

Median 0.74 1.27 0.99

Q3 1.00 2.39 1.48

Maximum 1.95 7.54 8.75

Mean 0.77 1.95 1.34

Lower 95% CI 0.57 0.88 0.94

Upper 95% CI 0.98 3.02 1.76

Values are in pg/ml. Samples were tested in duplicates.
NHS: Normal healthy subject; Q: Quartile; RA: Rheumatoid arthritis; RRMS: Relapsing 
remitting multiple sclerosis.



2322 Bioanalysis (2016) 8(22)

Figure 3. Correlation between serum levels of IL-17AA 
and IL-17-FF in normal healthy subjects, rheumatoid 
arthritis and relapsing-remitting multiple sclerosis 
patients. 
○ NHS: Normal healthy subjects; ▪ RA: Rheumatoid 
arthritis; ▴ RRMS: Relapsing-remitting multiple 
sclerosis. 
Spearman r = 0.63; p-value = <0.0001
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NHS were 0.32 and 0.74 pg/ml, respectively. Mini-
mum and maximum values in NHS were 0.1–0.85 
and 0.28–1.95 pg/ml for IL-17AA and IL-17FF, 
respectively.

Serum levels of IL-17AA and IL-17FF were signifi-
cantly higher in samples from RA patients as compared 
with NHS with median values of 0.69 and 1.27 pg/ml, 
respectively. Serum levels of IL-17AA were also signifi-
cantly elevated in RRMS patients as compared with 
NHS (median of 0.46 pg/ml in RRMS as compared 
with 0.32 pg/ml in NHS) but were not significantly 
different in IL-17FF levels; albeit, a strong trend for 

increased levels in RRMS as compared with NHS 
(median of 0.99 pg/ml in RRMS as compared with 
0.74 pg/ml in NHS) (Figure 2, Tables 2 & 3).

Despite the difference in absolute levels of IL-17AA 
and IL-17FF in serum, a strong correlation was 
observed between the two isoforms (Figure 3). This 
correlation was consistent across all samples from both 
NHS and disease state and throughout the value range 
(Spearman r = 0.63; p-value ≤ 0.0001).

IL-17AA & IL-17FF levels in CSF from RRMS 
& matched NHS
IL-17AA and IL-17FF levels were determined 
in CSF samples from RRMS subjects (n = 50) 
and matched NHS (n = 10) (Figure 4, see Table 4 
& Supplementary Table 9 for additional demographic 
information). In general, levels of both IL-17 isoforms 
were lower in CSF compared with serum levels and of 
the 60 CSF samples tested (10 NHS and 50 RRMS) 
13/60 registered below LLOQ for IL-17AA and 43/60 
registered below LLOQ for IL-17FF. In NHS, only 1/10 
CSF samples had IL-17FF levels that registered within 
the quantitative range. In contrast to serum, both NHS 
and RRMS CSF samples contained higher levels of 
IL-17AA compared with IL-17FF. In RRMS, the mean 
concentration of IL-17AA was 0.42 pg/ml and the 
mean concentration of IL-17FF was 0.07 pg/ml in CSF 
whereas in serum the mean concentration of IL-17AA 
was 0.5 pg/ml and the mean concentration of IL-17FF 
was 1.34 pg/ml (Tables 2–3 & Supplementary Table 7).

Although CSF levels of IL-17AA were significantly 
higher in samples from RRMS patients as compared 
with NHS (median values of 0.38 and 0.17 pg/ml, 
respectively), CSF levels of IL-17FF were very low 
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across the sample set and therefore there was no signifi-
cant difference between RRMS and NHS (Figure 4B). 
However, more samples registered within the quantita-
tive range for IL-17FF from RRMS patients (32%) as 
compared with NHS (10%) suggesting a trend toward 
increased levels of IL-17FF in CSF from RRMS 
patients.

Interestingly, although there is substantial fluid 
exchange between the blood and the CSF compart-
ments, no correlation was found between IL-17AA 
serum levels and CSF levels in either NHS or RRMS 
patients (Figure 5).

Conclusion
The growing interest in IL-17 as a therapeutic target 
for autoimmune disorders prompted the development 
of immunoassays to better understand the relation-
ship between IL-17 levels and clinical manifestation. 
T-cell derived IL-17 cytokines, IL-17AA and IL-17FF, 
are released and act at sites of inflammation such as 
the synovial fluid in RA and the CNS in MS. These 
compartments are often inaccessible to sampling, and 

IL-17 levels are primarily determined in circulation. 
Hence, increasing our understanding of the relation-
ship between IL-17 levels at sites of inflammation and 
circulating levels can further highlight the role of IL-17 
isoforms in autoimmunity.

Low circulating levels of IL-17 combined with the 
presence of multiple isoforms pose a bioanalytical chal-
lenge. Although several studies report IL-17 levels in 
serum and CSF, the majority of assays still lack the 
sensitivity and isoform selectivity further needed for a 
reliable detection of IL-17AA and IL-17FF in normal 
and disease state biofluids. Signal specificity and the 
differentiation from background signal in the relevant 
matrix is of prime importance when measuring low-
abundance analytes but such information is generally 
lacking in previously published reports. IL-17 isoforms 
cannot be robustly quantified with a typical ELISA 
platform as was demonstrated by Deforge et al. due to 
sensitivity limitations [20]. Recently, reference values for 
serum IL-17AA in healthy subjects were reported using 
a high-sensitivity platform demonstrating that the 
majority of values registered at the sub-pg/ml level [24]. 

Table 4. Clinical and demographic profile of relapsing remitting multiple sclerosis and normal 
healthy subjects.

Demographic parameter  RRMS (n = 50) Control (n = 10)

Age (year):

– Mean (SD) 50.7 (11) 52.3 (6.3)

– Median 52.5 49.5

– Range 28–73 44–62

Gender (n [% of total]):

– Female 38 (76) 5 (50)

Race and ethnicity (n [% of total]):

– Asian 1 (2) 0 (0)

– Black 2 (4) 1 (10)

– Caucasian 45 (90) 9 (90)

– Hispanic 2 (4) 0 (0)

Smoker (n [% of total]):

– No 16 (32) 7 (70)

Anti-inflammatory medications (n [% of total]):

– No 45 (90) 10 (100)

MS medications (n [% of total]):

– No 15 (30) 10 (100)

MMSE score:

– Mean (SD) 27.5 (2) 29.2 (0.8)

– Median 28 29

– Range 21–30 28–30

See also Supplementary Tables 8A & 9.
MMSE: Mini-Mental State Examination; MS: Multiple sclerosis; RRMS: Relapsing remitting multiple sclerosis; SD: Standard deviation.
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Figure 5. Relationship of serum and cerebrospinal 
fluid levels of IL-17AA in normal healthy subject and 
relapsing-remitting multiple sclerosis patients. 
○ NHS: Normal healthy subjects;  
▴ RRMS: Relapsing-remitting multiple sclerosis. 
Spearman r not significant.
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This observation puts previous reports into question 
using partially characterized immunoassays with insuf-
ficient sensitivity and specificity to detect circulating 
IL-17. For example, in our view, it is impossible to accu-
rately determine serum IL-17 levels in healthy controls 
that are present at sub-pg/ml levels, using an ELISA 
assay with an LLOQ of 4.6 pg/ml as reported by Ari-
can et al. [22]. Hence, we propose that a combination 
of a high-sensitivity immunoassay platform coupled 
with robust assay qualification is required for the reli-
able measurement of IL-17 in the circulation and CSF. 
Here, we described the development and qualification 
of IL-17AA and IL-17FF assays using well-character-
ized antibody reagents and well-qualified standards 
combined with the ultrasensitive Erenna Immunoassay 
System. Taking into account the expected low levels of 
IL-17AA and IL-17FF, reagent specificity and matrix 
effects were rigorously characterized in order to increase 
accuracy and reliability of the quantitative readout. We 
implemented an immune-depletion strategy in order 
to determine precisely how much signal resulted from 
endogenous IL-17AA and IL-17FF in both CSF and 
serum. Additionally, to reduce background signal and 
obtain accurate readout at the sub-pg/ml level, samples 
were diluted in high-salt buffer prior to incubation 
with Ab-conjugated MP beads. Importantly, we found 
no cross-reactivity between IL-17AA and IL-17FF in 
either assay. The IL-17FF assay also showed no cross-
reactivity with IL-17AF; however, in the IL-17AA 
assay, we did detect up to 35% cross-reactivity with 
IL-17AF. Although some cross-reactivity was detected 
between IL-17AA and 1L-17FF, due to the strong 
correlation between IL-17AA and IL-17FF observed 
in serum (Figure 3) it is unlikely that IL-17AF levels 
had a marked impact on the values observed with the 
IL-17AA assay.

Using these well-qualified immunoassays, we were 
able to detect IL-17AA and IL-17FF in sera from 
RA and RRMS patients and the healthy controls. In 
addition, to our knowledge, this is the first time that 
IL-17AA and IL-17FF have been reliably measured in 
CSF from RRMS patients and compared with matched 
healthy controls.

In NHS (n = 19), the median value of circu-
lating serum IL-17AA was 0.32 pg/ml (range 
0.1–0.85 pg/ml), whereas serum IL-17FF was 
0.74 pg/ml (range 0.28–1.95 pg/ml, n = 85). Previous 
studies reported a wide range of IL-17A levels in nor-
mal serum, varying from undetectable to approximately 
30 pg/ml. Those values were obtained using commer-
cially available ELISAs with reported LLOQs of 4.6 and 
4 pg/ml, respectively [22,23]. Although it is possible that 
the use of different IL-17 standards can account for such 
differences it also highlights some of the challenges and 
inconsistencies in accurately determining IL-17 levels

In serum samples from RA patients (n = 16), both 
IL-17AA and IL-17FF levels were significantly elevated 
as compared with NHS with medians of 0.69 and 
1.27 pg/ml for IL-17AA and IL-17FF, respectively. 
These IL-17AA values are consistent with a recently pub-
lished report by Jain et al. using a Singulex assay kit [25]. 
In contrast, the IL-17FF values reported by Jain et al. 
are markedly higher than our current finding (in NHS: 
4.4 pg/ml as compared with 0.74 pg/ml in the current 
study; and in RA: 81 pg/ml compared with 1.27 pg/ml 
in the current study). Since the IL-17FF assay described 
in the Jain et al. report did not provide information 
regarding signal specificity, the possibility exist that 
some of the IL-17FF signal was nonspecific. Indeed, 
Singulex has recently introduced a second generation 
of the IL-17FF assay kit that is consistent with our cur-
rent data and reports a median value of 0.83 pg/ml for 
IL-17FF in plasma from 20 healthy donors [26].

Analysis of serum samples from RRMS patients 
revealed elevated levels of IL-17AA as compared with 
NHS (median 0.46 pg/ml (n = 50) and 0.32 pg/ml 
(n = 19), respectively). Serum IL-17FF levels in RRMS 
patients were not significantly different from NHS; how-
ever, there was a trend toward increased levels (a median 
of 0.99 pg/ml vs 0.74 pg/ml in RRMS and NHS, respec-
tively). Although absolute levels of serum IL-17FF were 
generally higher than IL-17AA levels, there was a strong 
correlation between serum IL-17AA and serum IL-17FF 
across the entire sample set (NHS, RA and RRMS sam-
ples) suggesting similar production and/or turn-over 
kinetics for these isoforms in serum in both healthy state 
and during inflammatory disease. Interestingly, and in 
contrast to serum, IL-17AA was found to be the predom-
inant isoform in CSF as compared with markedly lower 
levels of IL-17FF in this compartment (a median of 0.38 
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vs 0.05 pg/ml, respectively). This may indicate that the 
synthesis and/or the clearance mechanisms of these iso-
forms in the CNS may be distinct from those governing 
circulating levels. Consistent with this notion, no cor-
relation was detected between serum and CSF levels of 
IL-17AA in NHS and RRMS patients. One possibility 
is that different cell populations are responsible for IL-17 
production in circulation and in the central compart-
ment. This hypothesis has been further supported by a 
recent report suggesting that although mRNA expres-
sion levels of IL-17AA and IL-17FF strongly correlate 
in gut ulcers, their pattern of expression during disease 
progression was markedly different and may reflect a 
differential role of these isoforms in Th17 responses [27]. 
Importantly, heterogeneous expression of the different 
IL-17 ligands and their receptors may provide a possible 
explanation for inadequate or nonresponse to anti-IL-17 
therapy [8]. Understanding the cues associated with cir-
culating IL-17 levels may be used to better characterize 
the patient population and thereby optimize anti-IL-17 
therapy in autoimmunity.

Future perspective
Robust measurement of low-abundance biomark-
ers has the potential to provide valuable diagnostic 
and prognostic information. To do that reliably, it is 
essential to conduct a careful characterization of the 
sensitivity and specificity of a given assay. The develop-
ment of IL-17AA and IL-17FF assays described here 
provides insight into some of the challenges associated 
with detection of low-level analytes in complex matri-
ces. Measuring the levels of IL-17AA and IL-17FF 
isoforms in different compartments (e.g., serum, and 
CSF) may shed further light on the regulation of IL-17 
isoforms in various microenvironments and will enable 
better biological and clinical interpretation of circulat-
ing IL-17 levels. As the cohort size used in this study 
does not permit a definitive substantiation of such rela-
tionship, additional work is needed to enable the use 
of circulating IL-17 as a diagnostic and/or prognostic 
biomarker in inflammatory diseases.

Further use of robust, high-sensitivity quantitation 
techniques will provide additional insight into the role 

Executive summary

Background
•	 Th17 derived IL-17 isoforms are secreted at sites of inflammation and are known to play a role in autoimmunity.
•	 The ability to reliably measure IL-17 isoforms in accessible circulating body fluids such as serum and 

cerebrospinal fluid (CSF) may hold important information about their specific role in autoimmune diseases. 
However, circulating IL-17 is present at the sub-pg/ml levels thereby posing a bioanalytical challenge.

•	 Although it is known that Th17 are activated during autoimmunity, the relative levels and relationship of their 
effector cytokines IL-17AA and IL-17FF in systemic and central compartments are not well understood and can 
shed further light on the involvement of these isoforms in different autoimmune diseases such as rheumatoid 
arthritis (RA) and relapsing remitting multiple sclerosis (RRMS).

Experimental
•	 IL-17AA and IL-17FF assays were developed using well-characterized antibody reagents coupled with the highly 

sensitive Singulex immunoassay system.
•	 Assays’ specificity was confirmed through immune-depletion and assessment of cross-reactivity against each 

isoform as well as the heterodimer IL-17AF.
•	 IL-17 isoforms were determined in sera and CSF samples from a cohort of 50 RRMS patients as well as sera from 

RA patients, and compared with normal healthy subjects (NHS).
Results & discussion
•	 IL-17AA and IL-17FF assays exhibited high specificity and sensitivity with an LLOQ of 0.1 pg/ml.
•	 Levels of IL-17AA were significantly higher in serum from RA and RRMS patients as compared with NHS.
•	 Levels of IL-17FF were significantly higher in RA sera and showed a trend of increase in RRMS, as compared 

with NHS.
•	 There was a strong correlation between the two isoforms in serum from NHS, RA and RRMS patients.
•	 IL-17AA was also elevated in CSF from RRMS patients as compared with NHS; however, no correlation was 

observed between serum and CSF levels.
•	 Although serum IL-17FF levels were generally higher than IL-17AA, IL-17AA was found to be the predominant 

form in CSF.
Conclusion
•	 IL-17AA and IL-17FF are present at low levels in serum and CSF with the majority of values registering below 

1 pg/ml.
•	 A differential relationship between the levels of IL-17AA and IL-17FF was detected in circulation as compared 

with the central compartment.
•	 Such robust quantitation techniques provide an opportunity to further study the unique role of IL-17 isoforms 

in the pathogenesis and progression of inflammatory diseases.
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of other circulating low-abundance analytes in the 
progression of various disorders as was demonstrated 
recently [28] and will enable their use as informative 
biomarkers.
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