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Interleukin (IL)-38 is the latest discovered member of the interleukin-1 family,
which has anti-inflammatory properties similar to IL-36Ra. Several studies
compared circulating IL-38 concentrations in healthy and diseased
populations to characterize its role in both auto-immune and inflammatory
pathologies, with both higher and lower concentrations being associated with
certain diseases. However, in order to use IL-38 as a biomarker, a reference
range in healthy adults is needed. To establish a reference IL-38 circulating
concentration, accessible data from 25 eligible studies with IL-38
concentrations in healthy adults was collected. To validate the values found
in literature, we measured IL-38 concentrations by enzyme-linked
immunosorbent assay (ELISA) in several cohorts from our own institute.
Additionally, the effect of blood collection techniques, freeze thawing cycles,
and hemolysis on IL-38 measurements was assessed. To evaluate the
importance of the genetic background of individuals as confounding factor
of I1L-38 synthesis, we used publicly available eQTL databases with matched
data on allele frequencies in individuals of different ethnicities. Mean IL-38
concentrations in the various studies were weighted by their corresponding
sample size, resulting in a weighted mean, and weighted upper and lower limits
were calculated by mean + 2 SD. Differences of over 10.000-fold were found in
the weighted means between studies, which could not be attributed to the
blood collection method or assessment of IL-38 in plasma or serum. Although
IL-38 concentrations were markedly higher in Chinese then in European
population studies, we could not show an association with the genetic
background. From our analysis, a reference range for circulating IL-38 in
healthy adults could thus not yet be established.
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Introduction

Interleukin (IL)-38 is a member of the interleukin-1 family
with anti-inflammatory properties. It shares, respectively, a 41%
and 43% sequence homology with IL-1 receptor antagonist and
IL-36 receptor antagonist (1). IL-38 binds to the IL-36 receptor
(synonym IL-1R6 or ILIRL2) (2) and to TIGIRR-2 (synonym IL-
IR9 or ILIRAPLI) (3) as a putative (co-)receptor. Apart from
these primary receptors, IL-38 is also able to bind to IL-1RI,
although with lower affinity than IL-1f or IL-1Ra (3). IL-38 lacks
a specific caspase-1 cleavage site and N-terminal processing is
required for its biological activation (3, 4). Cleaved IL-38
attenuates the activation of JNK and Activator Protein (AP)-1
signaling, resulting in lower IL-6 production by macrophages
upon IL-1B stimulation and reduced differentiation of
lymphocytes into Th17 lymphocytes (3). Furthermore, it has
been shown that IL-38 reduces mTOR activation and
consequently pro-inflammatory cytokine production, as well as
the induction of trained immunity by B-glucan in a murine
model (5).

With regard to its role in health and disease, aberrant IL-38
concentrations have been observed in different types of diseases
such as auto-immune diseases, infections, or acute
cardiovascular events (6, 7). Evidence of IL-38’s acute role in
response to local or systemic infections, however, is scarce. Some
studies considered IL-38 as a disease biomarker, e.g.
discriminating low and high disease activity, or predicting
disease progression or response to therapy. However, in order
to use IL-38 as a biomarker in disease, reference concentrations
in healthy adults must be available to determine a discriminatory
value. To the best of our knowledge, no such reference has been
established for IL-38, as each of the aforementioned studies has
used its own (matched) control group to determine a
physiological reference circulating concentration.

Only very few studies have been performed to establish the
physiological ranges for cytokine or chemokine concentrations
in order to use them as diagnostic or prognostic biomarkers (8-
10). Although some groups have assessed the IL-1 family
specifically, IL-38 was not included in these analyses (11). In
2013, a comprehensive overview of several cytokine and
chemokine concentrations in 72 healthy adults was published,
however, also here IL-38 was not part of study (12). Recently, a
similar study established a reference range of IL-37 circulating
concentrations in healthy adults based on studies from
literature (13).

The aim of this current study is to collect all available data
from literature on IL-38 circulating concentrations in healthy
adults to establish a reference range. Apart from these published
data, we added several cohorts from our own institute for
validation in which IL-38 concentrations were recently
determined. Lastly, we investigated the eftect of potentially
confounding factors on the quantification of IL-38
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concentrations such as blood collection tube, freeze thawing
cycles, and hemolysis.

Methods
Search strategy

A literature search was performed on PubMed for articles
published up to the 1st of December 2021 that contained data on
blood IL-38 concentrations in healthy human adults using the
following search string: IL38 OR IL-38 OR “IL 38” OR
interleukin-38 OR “interleukin 38”. Search results were filtered
for English, Dutch, German, and French languages.

Article screening and selection

All available full articles were screened. For inclusion into
the analysis, studies had to report serum or plasma
concentrations of IL-38 from healthy adults. IL-38
concentrations had to be reported as mean with standard
deviation or standard error of the mean, or as range. The
included articles were additionally screened for relevant
references (snowballing) which were also included if not yet
present in the primary search. Papers were excluded if they met
any of the following exclusion conditions: i) no quantified
protein concentrations available; ii) only cell or tissue studies
present; iii) non-human studies; iv) control condition
considered as not healthy (e.g. pregnancy or patients with
another condition); v) patients below the age of 18 years; or
vi) only mean IL-38 concentrations stated (no range or SD/
SEM presented).

Data extraction

When a publication fulfilled the inclusion criteria, the
following data were obtained: i) mean blood concentrations of
IL-38 concentration in pg/mL with the accessory standard
deviation (SD), standard error of the mean (SEM) or data
range; ii) type of collection tube (serum or EDTA, or heparin
plasma); iii) number of healthy subjects; and if available: iv) sex
and age distributions, and v) the ethnicity of the subjects or the
country where the study was performed. Lastly, also the
manufacturer of the ELISA kits was noted.

Ethics

Inclusion of healthy subjects was approved by the local
institutional review board (CMO region Arnhem-Nijmegen,
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#2299 2010/104) and conducted according to the principles of
the International Conference on Harmonization-Good Clinical
Practice guidelines and the declaration of Helsinki.

Additional cohorts

In order to generate more reference cohorts, previously
stored plasma from existing cohorts of healthy volunteers was
used. Some of these cohorts were intervention studies, but in this
case baseline samples before the intervention were used to
determine IL-38 in. These cohorts are numbered from 1 to 7
and are presented in Table 1. For cohort 6 and 7 see also: www.
humanfunctionalgenomics.org.

Blood collection

In order to compare the effects of different collection tubes,
the effect of hemolysis, and the effect of freeze thawing on the
detectability of IL-38, fresh blood was collected from healthy
volunteers, into EDTA, heparin, and serum tubes. To induce
hemolysis, 1 to 2 mL of blood was collected in a 10ml-EDTA
tube, where the vacuum of the tube induced red cell lysis. 10
minutes after collection, blood was spun at 2900 g for 10 minutes
at room temperature. Serum tubes were left at room temperature
for 45 minutes after blood collection before centrifugation.
Supernatant was collected and freeze-thawed for 0 to 3 times
from room temperature to -20°C.

Hemolysis was confirmed by determining the LDH level in the
samples by an LDH-cytotoxicity assay kit (MAK380, Sigma Aldrich).

IL-38 concentrations were determined by the human IL-38/
IL1F10 DuoSet ELISA (R&D Systems, Inc., Minneapolis, MN,
USA) according to the manufacturer’s instructions with minor
adaptations. Briefly, an extended standard curve of 7.8 - 2000 pg/
mL was used, yielding 15.6 pg/mL as lower and 4000 pg/mL as
upper limit of quantification due to the sample dilution step.
Samples were diluted 1:1 in PBS containing 1% BSA (Sigma-
Aldrich, Germany), and samples and standard were incubated
overnight at 4°C on pre-coated 96-well plates. Values below

10.3389/fimmu.2022.964365

detection limit were included in the analyses using the lower
limit of quantification as assigned value.

eQTL analyses

Significant expression qualitative trait loci (eQTLs) in ILIFI0
were identified using different population-based variant databases,
namely GTEx, gnomAD (19), and an “inhouse” database
consisting of >30,000 clinical exons run at the diagnostics
division of the Human Genetics department of the Radboud
University Medical Center (Radboudumc). First, GTEx was
sourced for significant eQTLs in ILIF10 (Significant Single-
Tissue eQTLs for ILIF10 (ENSG00000136697.12) in all tissues
Data Source: GTEx Analysis Release V8 (dbGaP Accession
phs000424.v8.p2 on 04.04.2022)), resulting in 392 hits
(Supplementary Table 1). To match identified variants to allele
frequencies in different ethnicities, the variant set was annotated
using our inhouse annotator, resulting in only 12 observed
variants in the GRCh38 build. From 12 significant eQTLs with
available frequency data, two were located in the exon region of
ILIF10 and characterized as missense mutations (Supplementary
Table 2). Identified SNPs were validated in gnomAD. To assess
whether either of the variants affects circulating IL-38 plasma
concentrations, the genotypes were matched to IL-38
concentrations measured by ELISA in the 200FG cohort
(Supplementary Figure 1).

Statistical analysis

All data were collected in a Microsoft Excel spread sheet
(version 16.57). To determine a mean value from the IL-38
concentrations in the healthy adults from the included studies,
the mean of each of these studies was weighted by its
corresponding sample size. By dividing the sum of these
weighted means by the total sample size a weighted mean
was calculated.

In order to determine the corresponding lower and upper
limits with this weighted mean of IL-38 concentrations, we first

TABLE 1 An overview of the characteristics of the validation cohorts in which IL-38 concentrations were measured.

N
Cohort 1 (14) 21
Cohort 2 (15) 30
Cohort 3 (16) 74
Cohort 4, “300BCG study” (17) 320
Cohort 5 [this study] 204
Cohort 6, “200FG study” (5, 17) 225
Cohort 7, “500FG study” (18) 288

N/A, not available.
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Sex Age BMI
Both 20-36 N/A
Male 19-37 N/A
Female 18-48 N/A
183 Female 18-75 N/A
151 Female 38-88 Yes [18.7-46.1]
54 Female 23-73 Yes [19.6-37.2]
167 Female 18-75 N/A
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calculated these limits for each individual study. When no upper
and lower limits were presented, they were calculated by mean +
2 SD. SEM was converted to SD by multiplying the SEM by the
square root of the corresponding sample number. To calculate a
weighted upper and lower limit the same formula was applied as
to calculate the weighted mean.

Data were presented in GraphPad Prism version 6
(GraphPad Software, San Diego, CA, USA). In order to define
and calculate outliers, the applicable data are displayed in a box
plot with whiskers and outliers were calculated by using the
interquartile Tukey fence method. Differences between two
groups were calculated by using Wilcoxon matched-pairs
signed rank test. Correlation calculations were performed by
linear regression with a 95% confidence interval shown.

Results
Overview of data from literature
Between September 2015 and December 2021 25 published

studies (Table 2) fulfilled the inclusion criteria as described in
the Methods section (20-44). In order to determine the

10.3389/fimmu.2022.964365

distribution of the collected data an overview figure was made
(Figure 1A). In this panel, it can already be observed that there
are major differences between several studies concerning the
distribution of the cytokine concentrations. Comparing the two
studies for which extreme differences were reported (Xie et al.
and Ali et al.), mean IL-38 concentrations differed over 10.000-
fold (31, 33). We next considered potential factors that may
cause these differences. Firstly, we determined whether overall
IL-38 concentrations differed between studies that use either
serum or plasma samples. Most studies were performed using
serum samples (80%, Table 2); however, no major differences
were observed between IL-38 in plasma and serum samples
(Figure 1A). Secondly, we determined whether the genetic
background of the healthy subjects could explain the observed
differences. As most of the studies were performed in China, we
divided the included studies in Chinese and non-Chinese
(Figure 1A) which showed a difference between the two
groups. However, this trend seemed mostly to rely on a few
outlier studies that were present in the Chinese group. These
outliers could not be contributed to the use of an ELISA kit by a
certain manufacturer, or to the distribution of sex amongst the
cohorts (Table 1; Supplementary Figure 1). Next, the outliers
were statistically defined by using the interquartile Tukey fence

TABLE 2 An overview of the study and healthy volunteer characteristics of all included studies.

Study Plasma/Serum’ ELISA Nationality Detectable (%) Mean (pg/mL) N Male Age
Rudloff, 2015 Serum Adipogen Australian 39 123 28 ? ?

Zhong, 2015 Plasma (heparin) Adipogen Chinese 5100 26 19 55 (SD: 6,5)
Zhao, 2015 Serum Ray Biotech Chinese 21 9 5 66 (range: 55-78)
Takenaka, 2015  Serum Self-made Chinese 9 2800 56 33 ?

Wang, 2016 Serum Cusabio life sciences Chinese 185 43 34 34 (range: 22-40)
Yu, 2017 Serum Cusabio life sciences Chinese 413 23 0 29 (SD: 0,85)
Xu W, 2018 Plasma (?) Adipogen Chinese 152 53 6 52 (range: 39-63)
Yang, 2018 Plasma (?) Adipogen Chinese 5100 408 408 57 (range: 51-65)
Mercurio, 2018  Serum BD Pharmingen Italian 168 25 ? 18-70

Xu F, 2018 Serum R&D Systems Chinese 109 29 18 46 (range: 33-57)
Khattab, 2019 Serum Adipogen Egypt 610 26 13 47 (range: 12-65)
Zarrabi, 2019 Serum R&D Systems Iran 179 81 24 40

Ali, 2020 Serum Eastpharm Chinese 14290 27 15 ?

Xie, 2020 Serum R&D Systems Chinese 5 1,19 43 20 33 (range: 22-64)
Luo, 2020 Serum R&D Systems Chinese 204 13 3 43 (range: 31-55)
Chai, 2020 Serum R&D Systems Chinese 123 11 6 41 (SD: 36)
Hiz, 2020 Serum Sunred bio Turkey 102 40 27 55 (range: 23-79)
Gurau, 2020 Plasma (?) Wuhan Fine biotech co Italian 43,6 65 31 65 (SD: 9,5)
Gao, 2021 Serum ? Chinese 73 59 ? ?

de Graaf, 2021  Plasma (EDTA) Biotechne Dutch 67 306 288 119 23 (OQR 21-27)
Jiang, 2021 Serum Phoenix Peptides Chinese 4050 25 15 59 (SD: 7)
Pan, 2021 Serum R&D Systems Chinese 16 12 7 27 (range: 22-42)
Xu, 2021 Serum Shanghai Jianglai Biotech Co  Chinese 88,7 50 34 36,4 (SD: 11,8)
Duman, 2021 Serum Sunred bio Turkey 57,2 60 0 50-67
Marie, 2021 Serum Sunred bio Egypt 12,4 21 6 12-50
'Questionmarks refer to studies with unspecified anticoagulant.
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FIGURE 1

IL-38 concentrations reported for healthy cohorts. (A) A presentation of all included cohorts. IL-38 data are presented as mean and range. A
weighed average was calculated. Subgroup analyses were made divided by serum or plasma (marked “p“) concentrations of IL-38 and by
geographical location. (B) Outliers of all included cohorts were calculated by using the interquartile Tukey fence method. (C) A presentation of
all included cohorts without the defined outliers and the outliers separately, IL-38 data are presented as mean and range. A weighted average
was calculated. (D) IL-38 plasma concentrations stratified by haplotype of rs6743376 and rs6761276.

method (Figure 1B). When presenting the data without these
outliers, a more homogenous pattern was observed (Figure 1C).
Still, differences of 10-fold up to 100-fold were observed between
the means in these studies. This therefore raises the question
whether these data are sufficiently reliable to build IL-38
reference values on.

Other potentially confounding factors such as sex, BMI, and
age were considered too, but unfortunately most data were not
sufficiently presented to also take these factors along (Table 2).

eQTL analysis

In our comparison it stood out that markedly higher IL-38
concentrations were reported in studies performed in Chinese
populations, indicating that the genetic background could be a
confounding factor. Assessing publicly available databases for
eQTLs, we identified two significant variants in the coding
region of ILIF10, one of which with higher allele frequency in
non-Finnish Europeans than in East Asian, but not South Asian
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populations (Supplementary Table 2). However, matching IL-38
concentrations to the haplotypes of both variants showed that
protein concentrations are comparable between carriers of
ancestral (rs6761276 — TT; rs6743376 — CC) and alternative
alleles (rs6761276 - TC, CC; rs6743376 — CA, AA) (Figure 1D).
Thus, ethnicity is unlikely to explain the big differences in
circulating IL-38 observed between the cohorts included in
our analyses.

Blood collection conditions

In order to further substantiate the collection conditions as
confounding factors we performed exploratory experiments. Firstly,
it is well established that certain cytokines degrade by repeated
freeze-thawing (45, 46). We therefore collected blood in EDTA
tubes, and plasma was either subjected to one or two freeze-thaw
cycles to -20 degrees or directly used for IL-38 determination by
ELISA. No major differences were found among different subjects
which shows that IL-38 is relatively stable among freeze-thaw cycles
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(Figure 2A). Next, we determined the potential role of hemolysis on
the assay (47). One to two mL of blood was collected in a 10 mL-
EDTA collection tube; hence the vacuum would induce hemolysis,
which was confirmed by an LDH assay (data not shown).
Additionally, the plasma was subjected to up to three freeze-thaw
cycles. The data shows that neither hemolysis nor the freeze-thaw
cycles influenced IL-38 concentrations (Figure 2B). Lastly, different
anti-coagulants in blood collection tubes can be a confounding
factor (46). Blood from the same healthy volunteers was collected in
EDTA, heparin, or serum tubes, and plasma or serum was subjected
to up to three freeze-thaw cycles. Again, the number of freeze-thaw
cycles did not affect the concentrations of IL-38 (Figure 2C). We
did, however, find significantly more IL-38 in plasma collected in
heparin tubes compared to EDTA and serum tubes (188.9 pg/mL +
67.1 versus 137.8 pg/mL + 48.6 and 166.2 pg/mL * 59.9,
respectively; mean + SEM). However, given this small overall
difference this is again unlikely to cause the differences observed
in Figure 1.

Additional cohorts

In the last decade we have collected blood samples from
several different cohorts in our laboratory of which more
detailed healthy volunteer characteristics are available. In order
to determine whether other potential confounding factors

10.3389/fimmu.2022.964365

namely BMI, age, and sex could influence IL-38
concentrations, this information was collected and IL-38
concentrations from EDTA plasma were measured in these
cohorts using R&D systems DuoSet ELISA kits.

Firstly, an overview figure was made with the different
cohorts and their distribution of the individual data points,
n=1162 (Figure 3A). It can be observed that the distribution is
quite homogenous among the cohorts. The overall distribution is
in the lower ranges compared to the data from cohorts presented
in Figure 1C. As individual data points were available in these
cohorts, the distribution could be determined. Figure 3B shows
the distribution of the IL-38 concentrations against the standard
curve used in these experiments (detection range: 15.6 to 4000
pg/mL; detection range cohort 3: 31.2 to 4000 pg/mL).
Decreasing the lower limit could potentially increase the
determination of the data distribution. We show that sex does
not influence IL-38 concentrations in these cohorts (Figure 3C).
BMI shows a trend towards higher BMI corresponding with
lower IL-38 concentrations (Figure 3D), as was observed before
(28). Also, age shows an inverse correlation with IL-38
concentrations (Figure 3E), which also corresponds with
previously published data (28, 43). Lastly, we determined
whether IL-38 remains stable over time in two cohorts for
which multiple consecutive samples were available. The data
show no significant differences amongst the sequential
timepoints (Figure 3F).

A B
Freeze thaw cycles Haemolysis
300 200 [ Normal sample
— BB Haemolytic sample
_— — 150
Two] o— £
g £ 100
@  a @
«? °?
=I- 100 4 50
0 T T T 0
Freeze-thaw 0x 1x 2x Freeze-thaw  ox 1x 2x 3x
cycles cycles
C Different collection tubes
300 * *
jary
E 200
=
e
2 100
2
Freezethaw 1x 2x 3x 1x 2x 3x 1x 2x 3x

cycles

EDTA Serum

FIGURE 2

Lithium heparin

IL-38 concentrations and the effect of blood collection conditions. (A) IL-38 concentrations in EDTA serum were determined directly or after
one or two freeze-thaw cycles between -80 degrees Celsius and room temperature. N=8. (B) Haemolytic plasma was compared to the
corresponding non-haemolytic plasma, directly or after up to three freeze-thaw cycles. N=4. (C) Blood was collected in EDTA, serum, and
heparin tubes and IL-38 concentrations were determined directly or after up to three freeze-thaw cycles. N=12, Wilcoxon matched-pairs signed
rank test, *p<0,05 compared to the corresponding sample of both EDTA and serum tubes.
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FIGURE 3

IL-38 concentrations in additional cohorts. (A) Overall presentation of the individual data point in the different cohorts. Data presented as IQRs
and outliers defined by using the interquartile Tukey fence method. (B) Frequency distribution of IL-38 concentrations with a bin width of 50pg/
ml. (C) IL-38 data divided by sex. Unpaired t-test. (D, E) Distribution of IL-38 concentrations by BMI (N=325) and age (N=1024). Linear
regression displayed with a 95% confidence band. (F) Presentation of two cohorts with multiple time points. Data presented as IQRs and outliers
defined by using the interquartile Tukey fence method, Wilcoxon matched-pairs signed rank test. NS, Not Statistically Significant

Discussion

IL-38 is the latest added member of the IL-1 family of
cytokines, but in the last few years it has already been shown
to be dysregulated in a wide range of diseases such as cancer,
infectious diseases, and autoimmunity (6, 7). Patients with
atopic dermatitis (20), influenza (21), SLE (22), rheumatoid
arthritis (25, 39), myocardial infarction (23), sepsis (24),
acquired immune-mediated neuropathies (31), osteoarthritis
(32), acute respiratory distress syndrome (35), inflammatory
bowel disease (33), type 2 diabetes (41), and vitiligo (43) present
with higher blood concentrations of IL-38. This in contrast to
e.g., patients with Graves’ and Hashimoto’s thyroiditis (44),
Sjogren’s disease (34), Behget’s disease (37), chronic brucellosis
(40), and psoriasis (27), in whom IL-38 circulating
concentrations were lower compared to healthy volunteers.

Also, the course of IL-38 appears to be relevant in certain
diseases. Continuously high IL-38 concentrations are correlated
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with complex SLE disease with more organ (e.g. kidney and
cerebral) complications (22). In diseases in which patients
present with high baseline IL-38, a reduction of IL-38 after
treatment is a predictor for treatment response in e.g.,
reperfusion therapy in myocardial infarction (23), in treatment
of rheumatoid arthritis (25), and in juvenile SLE patients
treatment with prednisone reduced IL-38 concentrations (48).
In contrast, in psoriasis, in which patients present with reduced
IL-38, the upregulation of IL-38 was correlated with treatment
response (27). In atherosclerotic disease, IL-38 concentrations
were also higher compared to healthy volunteers, and higher
concentrations of IL-38 predicted better response to statin
therapy in these patients (26). A comparable observation was
made in hepatitis B patients treated with telbivudine (29).

In most of these studies, IL-38 was used as a biomarker for
disease activity and potential therapy response. However, given the
anti-inflammatory properties of IL-38, treatment with IL-38
supplementation was hypothesized in many of these reports.
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In the context of lower IL-38 concentrations in patients with the
disease, this is a logical hypothesis and was shown effective in e.g,
peripheral blood mononuclear cells (PBMCs) from patients with
Sjogren’s syndrome (34) and patients with hyperlipidemia (26).
Interestingly, also in patients with already high concentrations of
IL-38, additional supplementation is hypothesized to be beneficial
by increasing the anti-inflammatory signal even further. In this
respect, administration of IL-38 in a murine sepsis model resulted in
increased survival (24), and over-expression of IL-38 in a murine
osteoarthritis model inhibited the disease activity (32). Moreover, in
an in vivo murine model of inflammatory bowel disease, treatment
with recombinant IL-38 reduced important inflammatory
mediators of the disease from colonic samples (33).

We have not been able to find any information in the literature
that define normal reference values for IL-38. Several groups have,
however, tried to define cut-offs for the diagnosis of certain diseases
or treatment responses. A cut-off value of 342 pg/mL was defined
for the diagnosis of rheumatoid arthritis, with a sensitivity and
specificity, respectively of 72% and 91% (25). In a cohort of chronic
hepatitis B patients, high concentrations of serum IL-38 (>250 pg/
ml) at baseline were associated with a greater probability of viral
response to treatment at 24 weeks (48.15% vs 15.79%) (29).
However, given the major differences in IL-38 concentrations
between the different studies cited here, the question remains how
useful these cut-offs will be in the general population.

Apart from the disease, other potential confounding factors
should be considered while determining a reference range for IL-38.
Firstly, we assessed whether IL1F10 expression could differ between
different ethnicities using publicly available eQTL databases. Only
one significant variant in the coding region of ILIFI0 presented
with higher allele frequency in individuals with East Asian ancestry
compared to non-Finnish Europeans. Thus, ethnicity is unlikely to
explain the big differences observed between the cohorts included in
our analyses. In our additional experiments we have tried to define
or rule out common influencing factors. We have shown that
freeze-thawing, hemolysis, and collection of serum or plasma has no
major effect on IL-38 concentrations. We did find, however, higher
concentrations of IL-38 when blood was collected in heparin tubes
compared to EDTA or serum tubes, but although statistically
different, the absolute differences were only minor and could not
explain the major differences found between the several cited
studies. We did not find differences in IL-38 concentrations
between males and females, just as others have shown before (28,
31). Age showed a negative correlation with IL-38 concentrations,
and in BMI a (although not significant) negative trend was
observed. These observations were also comparable with prior
studies (28, 41, 43). Lastly, no major variation over longer time
courses was observed, which had also been shown before in 48
subjects over a time period of a year (28).

Given the major differences that we have observed between the
included studies, and the exclusion of common relevant
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confounding factors, it is essential to determine potential
methodological errors as well as the impact of ELISA kit types
and manufacturers. Non-specific binding is for example a relevant
factor that could interfere with assay specificity (49). For example,
we previously reported that the IL-38 ELISA used by our laboratory
detects 55% of a known concentration of recombinant IL-38 which
we attributed to plasma-factors binding to IL-38 (28). Interestingly,
there appears to be a great difference in the detectability of IL-38,
with a variation from 5% (33, 48), to 9% (39), to 49% (22), to 67%
(28), to probably 100% in the other studies. Also, in our validation
cohorts we found a detectability of 56% with a lower cut off at 15.6
pg/mL. The distribution curve presented in Figure 3B shows that
most subjects have IL-38 concentrations around the lower limit of
detection. It is therefore imaginable that studies reporting very low
mean concentrations (33, 43) might report background noise as IL-
38 values. This suggests that a more sensitive ELISA that could
determine even lower concentrations of IL-38 could generate a
more reliable image of the distribution of IL-38 in healthy adults. As
for the type of ELISA kit used, we could not group identified outlier
studies as well as studies with outstandingly high or low IL-38
concentrations based on the used ELISA kit manufacturer.
Noteworthy, information concerning the type of detection or
coating antibodies used in the different ELISA kits, which may
display different binding affinities to cleaved IL-38, was not available
in all cases and can therefore not be ruled out as confounding factor.
Based on the available data, it was not possible to define a
reliable refence range for IL-38 in healthy volunteers, as was
possible for the IL-37 data extracted from literature (13). This is
remarkable as IL-37 has several isoforms that will probably not
be determined by all ELISA kits (50, 51). However, to give an
estimation of a potential direction of a reference range of IL-38
we could rely on the data generated after exclusion of outliers.
The reference values extracted from literature lead to a range
from 30.0 to 1403.2 pg/mL. The data from the validation
experiments performed in our lab result in a 5" and 95"
percentile of 15.6 and 819.9 pg/mL (range from 16.6 to 2673.5
pg/mL), where it should be noted that 15.6 pg/mL is the lower
detection limit of the ELISA kit. Only considering studies using
the most common ELISA kit from R&D Systems, a reference
range from 20.0 to 2328.2 pg/mL can be set. It has to be noted
though, that 54% of these are studies performed in our institute.
In conclusion, we have performed an analysis of all available
studies reporting IL-38 concentrations of healthy subjects in
literature in order to define a reference range in healthy
volunteers. However, given the relatively large differences between
several studies we have not been able to define such a range yet.
While using ELISA to determine cytokine levels, it is essential to
verify the specificity of the method to confirm the reliability of the
technique. This could be achieved by using a reference sample with
a known concentration or by performing a spike experiment to
generate a percentage of recovery for a certain experiment.
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