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Abstract

Background Recent studies highlight that high levels of cytokines may precede the onset
of many systemic autoimmune disorders and may also be related to chronic spontaneous
urticaria (CSU) activity.

Methods Eight patients with CSU candidate to omalizumab therapy were enrolled. Four
healthy controls were included with the purpose of comparing baseline cytokine levels. We
evaluated serum levels of IFN-y, IL-2, 4, 6, 8, and 10, TNF-o, and GM-CSF. For the
patient group, venous blood samples were drawn at TO, T1 (1 week after first drug
administration), T2 (after 3 months), T3 (after 6 months), and in case of relapse. Cytokine
levels were measured using the human cytokines 8-plex kit. Disease activity and effect of
therapy were calculated by means of Urticaria Activity Score 7.

Results Higher levels of IL-6 and IFN-y were found in patients with CSU compared to
those observed in the control group. Moreover, a common trend between these cytokines
and the clinical history of disease could be hypothesized, with a decrease in levels of IFN-y

and IL-6 following remission of CSU with omalizumab treatment. Levels of other tested
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cytokines were similar between patients and healthy subjects.

Conclusion IFN-y and IL-6 are proinflammatory cytokines that are strongly related to
autoimmunity. Despite being limited by the small sample size, our data offer new insight

doi: 10.1111/ijd. 14812
investigations.

Introduction

Chronic spontaneous urticaria (CSU), also defined as idiopathic
chronic urticaria (ICU), accounts for 75% of all types of urticaria.
The etiology of the disease is still unknown. There is a strong
female prevalence among Caucasian patients.! The diagnosis
is generally late, specifically about 5 years from the onset of the
first symptoms. The dermatological hallmarks of CSU are
wheals and angioedema, sometimes both coexisting in the
same patient.

According to current guidelines, the appropriate therapeutic
approach consists in the administration of second-generation
antihistamines as first-line drugs, which may be increased up to
four times daily as second-line treatment.?2 Omalizumab, an
anti-IgE monoclonal antibody, is recommended in cases of dis-
ease refractory to antihistamines.® Its exact mechanism of
action is complex and still not completely understood. At the
same time, the diverse set of the effects displayed by
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into a better understanding of the pathogenesis of CSU and support the need for further

omalizumab provides an experimental model for the study and
the comprehension of the pathophysiology of CSU.

Our aim was to identify a specific cluster of cytokines in the
serum of CSU patients treated with omalizumab, that could be
related with the history of the disease, in terms of progression,
remission, relapse, and physiopathology.

Methods

We performed a pilot study with longitudinal design and a single
intervention arm (omalizumab therapy). A control group was
included in order to allow a comparison between cytokine levels
in CSU patients at baseline and in controls.

Eight patients were enrolled in this study according to the
following inclusion criteria: subjects with a diagnosis of CSU,
refractory to first and second lines of treatment with second-
generation antihistamines, and candidates to treatment with
omalizumab. The patient group was made up of six females
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and two males with the following characteristics: age

mean + SD [min;max] = 57 + 4 [51;64] years, duration of
urticaria = 25 + 19 [6;48] months. The control group included
four healthy female subjects with age = 40 + 8 [32;49] years.

Prior to enrollment, patients were thoroughly informed about
the risks and benefits of treatment with omalizumab, and
informed consent was obtained from all the subjects included in
this study.

The group of CSU patients underwent a complete series of
allergological tests, including skin prick tests and patch tests.
Other laboratory investigations included complete blood cell
count, ESR, CRP, total serum IgE, autoimmunity-related tests
(ANA, BAT), thyroid function tests, D-dimer, and serum lipid
profile. The severity of the disease was evaluated using
Urticaria Activity Score summed over 7 days (UAS 7) and
Urticaria Control Test (UCT).

Each of the eight subjects in the patient group was
administered a treatment cycle of omalizumab 300 mg sc every
4 weeks for 6 months, which is standard prescribed dosing for
CSU. The outcome of the therapy was subsequently evaluated,
using UAS 7 and UCT scores. At the same time, the levels of
relevant cytokines were measured as follows: blood sampling
was carried out on the day of the start of therapy (T0), after
7 days (T1), after 3 months (T2), after 6 months (T3), and in
case of relapse (R) observed in two patients. The levels of the
following cytokines were evaluated: IL-2, IL-4, IL-6, IL-8, IL-10,
TNF-o, IFN-y, and GM-CSF.

Laboratory tests

The evaluation of serum cytokine levels was performed by
means of multiplexing technique with the human cytokines 8-
plex Bio-Plex multiple assay, which is an immunoenzymatic
assay allowing simultaneous sampling of eight different mole-
cules collected in small samples within a single plate. Bio-Plex
Manager™ software processes and reports output data in terms
of median fluorescence intensity (MFI) and of concentration of
analytes (pg/ml). The concentration of analytes in solution is
directly proportional to the MFI of signal delivered.*

Serum levels of cytokines in the samples from CSU patients
were compared throughout the course of therapy and to those
from healthy controls at baseline. The outcomes of these mea-
surements were then related to the clinical phenotype of the
patients.

Statistical analysis

The comparison between median serum levels of the cytokines
in healthy controls and in CSU patients, at baseline, was carried
out using the Mann-Whitney test, a nonparametric test with two
independent samples. This type of test is performed when the
two conditions to carry out a parametric test cannot be satisfied,
namely when the distribution of the variable that is to be
inferred is not normal and the sample size is small.
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The comparison between levels of cytokines in patients at
baseline versus each timepoint in the course therapy (TO vs.
T1, T2, and T3) was carried out using a paired T-test, a statisti-
cal analysis that is performed in order to assess a statistically
significant mean difference between two measurements of a
variable repeated in time on the same subject.

Spearman test was used to assess the correlation between
mean serum levels of cytokines, measured in pg/ml, and time
and between mean UAS7 score and time.

In all the statistical methods, a P value <0.05 was considered
statistically significant.

Results

The analysis, carried out with the multiplexing human 8-plex
cytokine system, allowed the quantification of the following
cytokines: IFN-vy, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-o, and GM-
CSF.

Of the tested cytokines, IL-6 and IFN-y showed a significant
elevation of serum levels in our study group at baseline com-
pared to healthy subjects. In detail, median serum levels of
IFN-y and IL-6 were higher in patients with active disease at
time 0 (P-value < 0.05). Contrariwise, no increase in serum
levels of cytokines was present in the control group. The results
are shown in Figure 1a,b.

A significant decrease in the serum levels of IL-6 between TO and
T3 (mean difference = 5.18 pg/ml, P = 0.04) and in the serum
levels of IFN-y between TO and T2 (mean difference = 7.61,
P = 0.03) was found in the CSU group of patients (Table 1).

Notably, our results highlight a decreasing trend between the
values of IFN-y and IL-6 and time (for both variables, P = 0.2
and r = —0.8). The correlation between UAS7 and time result
was significant (P < 0.001 r = —0.999). Figure 2a,b shows the
trend of UAS7 score with that of IL-6 and IFN-y, respectively;
even if the absolute values of the two cytokines are different
between patients, their decrease precisely parallels remission of
skin disease during therapy.

Relapse was observed in a subgroup of two patients, occur-
ring 6 and 2 months after the end of a 6-month treatment cycle
with omalizumab. The relapsing subjects were female patients
of 54 and 64 years who had achieved complete response to
omalizumab after the first and third dose of the drug, respec-
tively. Because of the limited subsample size with two relapses,
variations in the serum levels of cytokines in patients with
relapse did not reach statistical significance.

The other cytokines, including IL-2 (Figure 3), IL-4, IL-8, IL-
10, TNF-a, and GM-CSF, showed inconsistent variations
throughout the course of our observation in CSU patients and
no differences between groups.

Discussion

To date, two main different models of autoimmunity have been
described for the pathophysiology of CSU. The first model
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Figure 1 Mean serum values of IL-6 and IFN-y. Mean serum values, expressed in pg/ml, of IL-6 (a) and IFN-y (b) in healthy controls (CS)
and in CSU patients at TO, after 1 week (T1), after 3 months (T2), after 6 months (T3) from the start of treatment with omalizumab, and

following disease relapse in two patients (R)

Table 1 Cytokine levels in CSU patients

IFN-y IL-6 IL-2 IL-4 IL-8 IL-10 GM-CSF TNF-o
TO (mean) 837 6.2 48 0.04 16.8 11.01 7 9.11
T1 (mean) 5.1 246 55 0.07 117 9.03 5 6.94
P ns ns ns ns ns ns ns ns
T2 (mean) 0.76 3.2 444 0.05 126 684 7.6 10.5
P 003 ns ns ns ns ns ns ns
T3 (mean) 1.8 1.02 44 003 57 623 57 7.51
P~ ns 0.04 ns ns ns ns ns ns
R (mean) 4 343 42 04 3 8.075 3 7.75
P~ ns ns ns ns ns ns ns ns

Mean levels of cytokines in the group of CSU patients at TO, after
1 week (T1), after 3 months (T2), after 6 months (T3) from the start
of treatment with omalizumab, and following disease relapse (R,
observed in two patients) are reported. A statistically significant
decrease from baseline was observed in the serum levels of IL-6 at
T3 (P =0.04), and in the serum levels of IFN-y at T2 (P = 0.03).
Values are expressed in pg/ml.

2P values of paired T-test comparing IFN-y and IL-6 levels to base-
line (TO) are reported. Ns, nonsignificant.

suggests a type 2 hypersensitivity reaction underlying CSU
pathogenesis that would be mediated by IgG autoimmune anti-
bodies (IgGAAbs) against the high-affinity FceRI receptor,
located on the surface of basophils and mast cells. The second
model involves type 1 hypersensitivity mediating the pathogenic
reactions of CSU.

According to this so-called “autoallergy” model, the main role
in the pathology is played by “cytokinergic IgE antibodies”.
Cytokinergic IgEs are a subpopulation of IgE antibodies that are
different from the classically described IgEs—which are also
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known as “reagins"—and mediate anaphylaxis. Cytokinergic
IgEs are termed cytokinergic “antigen-independent” antibodies,
reflecting the notion that they are released in the serum at con-
stant rate and have weak immunogenic activity, but they can
bind the FceRI even in the absence of antigen.>~ Specifically,
they induce the activation of intracellular pattern recognition
receptors (PRRs), toll-like receptors (TLR) 7, and TLR 9, which
form homodimers upon engagement. The signaling cascade of
TLRs involves transduction of the signal via MyD88/IRAK/TRAF
intermediates, which ultimately lead to the activation of nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB).
This master regulator of transcription mediates the expression
of chief cytokines in the inflammatory response, such as IL-6
and IFN-y.”

By releasing these potent mediators of acute response,
cytokinergic IgEs are able to elicit violent inflammatory reac-
tions.” Omalizumab, binding the Ce3 domain of free IgE, pre-
vents its binding to high-affinity IgE receptor (FceRl) and
downregulates the expression of FceRI on mast cells and baso-
phils.® This activity of omalizumab inhibits the formation of large
aggregates of FceRIl (that are typical of highly cytokinergic
IgEs), avoiding the activation of mast cells and the consequent
release of these proinflammatory cytokines. All these findings
justify the reduction of serum levels of IL-6 and IFN-y, observed
in our CSU patients, during treatment with omalizumab.

Interferon (IFN) plays a pivotal role in the pathogenesis of
autoimmune diseases and, in particular, type 1 IFNs—A and B
classes of IFNs—contribute to shaping the innate and adaptive
immune responses in autoimmune processes.® The role of type
2 IFN-y in the pathogenesis and maintenance of autoimmune
diseases, including systemic lupus erythematosus (SLE), is less
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Figure 2 Decreasing trend between cytokine values and time. (a) Shows the trend between mean serum levels of IL-6 measured in pg/ml
and time (P = 0.2 and r = —0.8) and the correlation between UAS7 score and time (P < 0.001 r = —0.999), using Spearman test. (b) Shows
the trend between mean serum levels of IFN-y measured in pg/ml and time (P = 0.2 and r = —0.8) and the correlation between UAS7 score

and time (P < 0.001 r = —0.999), using Spearman test
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Figure 3 Mean serum levels of IL-2. No statistically significant
difference could be observed comparing the mean serum values,
expressed in pg/ml, of IL-2 in healthy controls (CS) and in CSU
patients at TO, after 1 week (T1), after 3 months (T2), after

6 months (T3) from the start of treatment with omalizumab, and
following disease relapse (R). IL-4, IL-8, IL-10, GM-CSF, and TNF-o
displayed similar behavior, with nonsignificant results

understood, although nowadays IFN-y is recognized as a cen-
tral factor in autoimmune disorders."°

IL-6, the other interleukin related to the trend of CSU in our
study, is known to be a fundamental factor for the expression of
other proinflammatory cytokines in the inflammatory cascade,
such as TNF-o and IL1-B, as well as for the production of anti-
bodies. It is notable indeed that the release of IL-6 and IFN-y
precedes the appearance of antibodies in the serum.'’ Besides,
it is known that patients with SLE presenting with manifest dis-
ease show a significant increase in the serum levels of IFN-y
and that IL-6 and IFN-y show an interdependent relation'? that
is similar to the one revealed in CSU by our results.
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Consequently, these two high-potency pro-inflammatory
cytokines (IL-6 and IFN-y) could be the relevant effectors in the
autoimmune pathogenesis underlying CSU. With regard to this
hypothesis, recently, a wide set of self-antigens that are recog-
nized by specific IgE autoantibodies, defined as “autoallergic
targets”, has been identified in patients with CSU.°

Indeed, while in allergic disorders the titer of IgE specific for
one allergen directly correlates with the entity of the allergic
response, the same cannot be said for CSU, where the patho-
genesis is mediated by autocytokinergic IgEs (IgEAABSs).
Accordingly, even small amounts of these autoantibodies,
often not detectable with modern laboratory measurements,
are able to elicit a powerful inflammatory response. This latter
mechanism may explain the efficacy of omalizumab in patients
with total serum IgE within the normal range; this is partly
because of the fact that the routinely performed IgE quantifica-
tion is not sensitive for autocytokinergic IgEAAbs. 314

Finally, according to the literature, omalizumab, by binding
circulating IgE, prevents subsequent IgE-driven responses,
such as the release of inflammatory mediators histamine and
leukotrienes, by basophils and mast cells.’® To this regard,
Roth et al.'® found that omalizumab significantly reduces RNA
and protein levels of IL-6, IFN-y, IL-8, TNFa, and IL-4 (in a
dose-dependent manner in IgE-stimulated human airway
smooth muscle cells isolated from biopsy specimens of
patients with asthma and chronic obstructive pulmonary dis-
ease) by inducing B-cell death, as also confirmed by Chan
et al.’® Accordingly, the reduction of IL-6 and IFN-y that we
have detected in our study may likely be explained by this last
theory and pathway.

In conclusion, high levels of IL-6 and IFN-y may precede the
onset of many systemic autoimmune disorders and may also be
related to CSU activity, as shown by our data. The decrease in
levels of IFN-y and IL-6 in CSU patients during remission

© 2020 The International Society of Dermatology



Grieco et al.

following treatment with omalizumab and the increase during
the phases of relapse support our hypothesis.

References

1

Weller K, Maurer M, Grattan C, et al. ASSURE-CSU:

a real-world study of burden of disease in patients with
symptomatic chronic spontaneous urticaria. Clin Transl Allergy.
2015; 5: 29.

Zuberbier T, Aberer W, Asero R, et al. The EAACI/GA(2)LEN/
EDF/WAO guideline for the definition, classification, diagnosis
and management of urticaria. Allergy 2018; 73(7): 1393-1414.
Cherrez-Ojeda |, Maurer M, Bernstein JA, et al. Learnings from
real-life experience of using omalizumab for chronic urticaria in
Latin America. World Allergy Organ J. 2019; 12(2): 100011.
Bio-Plex Pro™ Human Cytokine 8-plex Assay #M50000007A
[Internet]. 2019; Available from: https://www.bio-rad.com/en-it/
sku/m50000007a-bio-plex-pro-human-cytokine-8-plex-assay?ID=
M50000007A [accessed on 24 September 2019].

Maurer M, Altrichter S, Schmetzer O, et al. Imnmunoglobulin E-
mediated autoimmunity. Front Immunol. 2018; 9: 689.
Kashiwakura J-1, Okayama Y, Furue M, et al. Most highly
cytokinergic IgEs have polyreactivity to autoantigens. Allergy
Asthma Immunol Res. 2012; 4(6): 332-340.

Sanjuan MA, Sagar D, Kolbeck R. Role of IgE in autoimmunity.
J Allergy Clin Immunol. 2016; 137(6): 1651-1661.

Kawakami T, Blank U. From IgE to omalizumab. J Immunol
2016; 197(11): 4187-4192.

Pollard KM, Escalante GM, Huang H, et al. Induction of
systemic autoimmunity by a xenobiotic requires endosomal TLR

© 2020 The International Society of Dermatology

10

11

12

13

14

15

16

IFN-v/IL-6 and related cytokines and omalizumab Report

trafficking and signaling from the late endosome and
endolysosome but not type | IFN. J Immunol. 2017; 199(11):
3739-3747.

Cauvi DM, Cauvi G, Toomey CB, et al. From the cover:
interplay between IFN-gamma and IL-6 impacts the
inflammatory response and expression of interferon-regulated
genes in environmental-induced autoimmunity. Toxicol Sci.
2017; 158(1): 227-239.

Munroe ME, Lu R, Zhao YD, et al. Altered type Il interferon
precedes autoantibody accrual and elevated type | interferon
activity prior to systemic lupus erythematosus classification. Ann
Rheum Dis. 2016; 75(11): 2014-2021.

Slight-Webb S, Lu R, Ritterhouse LL, et al. Autoantibody-
positive healthy individuals display unique immune profiles that
may regulate autoimmunity. Arthritis Rheumatol (Hoboken, NJ).
2016; 68(10): 2492-2502.

Altrichter S, Peter H-J, Pisarevskaja D, et al. IgE mediated
autoallergy against thyroid peroxidase—-a novel pathomechanism
of chronic spontaneous urticaria? PLoS ONE 2011; 6(4):
e14794.

Cildag S, Sentiirk T. The effect of omalizumab treatment on IgE
and other immunoglobulin levels in patients with chronic
spontaneous urticaria and its association with treatment
response. Postep Dermatologii i Alergol. 2018; 35(5):

516-519.

Chan MA, Gigliotti NM, Dotson AL, et al. Omalizumab may
decrease IgE synthesis by targeting membrane IgE+ human B
cells. Clin Transl Allergy. 2013; 3(1): 1-8.

Roth M, Tamm M. The effects of omalizumab on IgE-induced
cytokine synthesis by asthmatic airway smooth muscle cells.
Ann Allergy, Asthma Immunol. 2010; 104(2): 152-160.

International Journal of Dermatology 2020


https://www.bio-rad.com/en-it/sku/m50000007a-bio-plex-pro-human-cytokine-8-plex-assay?ID=M50000007A
https://www.bio-rad.com/en-it/sku/m50000007a-bio-plex-pro-human-cytokine-8-plex-assay?ID=M50000007A
https://www.bio-rad.com/en-it/sku/m50000007a-bio-plex-pro-human-cytokine-8-plex-assay?ID=M50000007A

