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Introduction:  Fexofenadine  (FXF)  is  a third-generation  antihistamine  drug  and  osthole  is  assumed  as a
natural  antihistamine  alternative.  This  paper  compares  results  of  histamine,  FXF  and  osthole  impact  on
HRH-1,  COX-2,  NF-�B-p50,  CCR1  mRNA  expression.  We  also  measured  mRNA  expression  of  IL-1�  and
CCL5/RANTES  in  incubated  peripheral  blood  mononuclear  cells  (PBMC)  to compared  how  histamine,  FXF
and osthole  had  influence  on expression  level  and  interacts  on  product  secretion.
Objective:  The  purpose  was  to investigate  expression  pattern  in  asthma  PBMC.
Methods: The  cultures  were  treated  72 h  with FXF  and  osthole.  We  measured  mRNA  expression  of  his-
tamine  HRH-1,  COX-2,  NF-�B-p50,  CCR1, IL-1�  and  CCL5/RANTES  with  Real-Time  PCR  (RT-PCR).
Results:  The  present  study  suggest  that  osthole  may  be  a potential  inhibitor  of  histamine  H1 receptor
activity.  We  also  demonstrated  that  cells  cultured  with  histamine  increase  COX-2  mRNA  expression  and

osthole reduce  it.
Conclusion:  Allergy  remains  one  of  the most  common  chronic  diseases  in  Europe  and  it  is rapidly  approach-
ing  epidemic  proportions;  with  current  predictions  estimating  that  the  number  of  allergy-afflicted  will
equal  the  healthy  population  by 2020. It is  therefore  paramount  to  find  new  pharmaceuticals  which
successfully  combat  allergic  disease.

© 2016  Published  by  Elsevier  GmbH.
. Introduction

Allergic inflammation is a chronic disease of the lower air-
ays that affects millions of people worldwide. Allergic diseases

re caused by hypersensitivity of the immune system to common
nvironmental substances (Galli et al., 2008); where the immune
esponse usually relies on the production of IgE antibodies specific
o common allergens. The activation of mast cells and basophils
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 
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hrough cell-surface-bound IgE then causes release of histamine
nd other mediators, leading to allergic inflammation (Douglass
nd O’Hehir, 2006; Hawrylowicz and O’garra, 2005; Thurmond
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et al., 2008). Histamine is one of the major chemical mediators in
allergic response pathophysiology (Slater et al., 1999). It is stored
mainly in mast cells and basophilic granulocytes and is released by
immunological or non-immunological stimuli. After release, his-
tamine effects are mediated through action on multiple receptors,
including histamine H1, H2, H3 and H4 (Yamaura et al., 2009). The
biological effects of histamine on H1 receptors include smooth
muscle contraction, bronchospasm, increased vascular permeabil-
ity and stimulation of sensory nerves and cough receptors (Jutel
et al., 2001). The clinical consequences are manifested as urticaria,
allergic rhino-conjunctivitis, broncho-constriction in asthma and
cutaneous reactions to allergens and chemicals (Debacker et al.,
1993; Kreutner et al., 2000; Matsubara et al., 2005).

Osthole has been used as an herbal drug in traditional medicines
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1� in PBMC allergic and non-allergic
16.11.004

for thousands of years (Kermani et al., 2016) with immuno-
modulatory (You et al., 2009), anti-inflammatory (Asif, 2015; Chao
et al., 2010), anti-tumor (Zhou and Liu, 2005) and anti-allergic
effects (Kordulewska et al., 2015). The development of osthole and
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ts derivatives as potential multi-target benefits should be encour-
ged because of their reported multiple bioactivities. It is therefore
mportant to summarize pharmacological and biological research
n this coumarin and review the mechanisms inducing its effects to
larify its precise functions (Jiao et al., 2016). In addition, Simpson
t al. (2000) report that fexofenadine (FXF), the active metabolite
f terfenadine, has anti-inflammatory properties. FXF is a selective
istamine H1 receptor antagonist unable to cross the blood brain
arrier (Simpson and Jarvis, 2000).

A series of genes are expressed in the allergic response to pro-
nflammatory mediators. Here, we chose genes which are critical
n allergic inflammation and contribute to allergy pathology.

One principal anti-inflammatory drugs mechanism relies on
he inhibition of COX-2 which is the rate limiting enzyme in the
rachidonic acid pathway. COX-2 is induced during inflamma-
ion and leads to formation of pathological prostaglandin levels.
egulation of COX-2 and NF-�B gene expression is a complex
rocess which varies in different species and cell types. COX-2
ene expression is induced by a wide variety of stimuli such as
roinflammatory cytokines, growth factors, differentiation factors,
ndotoxins, tumor promoters, reactive oxygen intermediates and
ell-cell interactions. The NF-�B pathway is one of the critical path-
ays mobilized by interleukin IL-1� to induce COX-2 expression in

ntestinal myofibroblasts.
While anti-inflammatory drugs inhibition of prostaglandin syn-

hesis has been demonstarted to effectively reduce inflammatory
ymptoms (Manrique-Moreno et al., 2016), glucocorticoids are by
ar the most effective treatment currently available for asthma
nd allergic reactions because they reduce asthmatic and aller-
ic airway inflammation by inhibiting expression of cytokines and
ther mediators in the airway epithelial cells. In addition, glu-
ocorticoids directly inhibit activated NF-�B by protein-protein
nteraction with glucocorticoid receptors and also inhibit COX-2
xpression in epithelial cells; most likely via direct repression of
F-�B (Barnes and Adcock, 1997).

CCR1 is a CC chemokine receptor which binds a variety of
hemokine ligands, notably CCL3 and CCL5, both of which are
ound in allergen-challenges, including bronchio alveolar lavage
uid (BALF) from asthmatic lungs (Alam et al., 1996; Cruikshank
t al., 1995) and allergic rhinitic nasal secretions (Kramer et al.,
001). CCR1 deficiency blockade in the murine model of allergic
onjunctivitis reduces disease score following co-stimulation of
CR1; thus suggesting the potential success of anti-CCR1 thera-
eutics in allergies (Wells et al., 1998). Hence, we  propose HRH-1,
OX-2, NF-�B and CCR1 are compelling targets in the development
f new anti-inflammatory drugs for allergic patients.

Antioxidants can block NF-�B activation in response to a wide
ariety of stimuli and drugs, including pyrrolidine dithiocarbamate,
nd although they have proved useful in in vitro studies, they have
roven too toxic for in vivo development. Osthole is considered an
ppropriate alternative to antioxidants, because our previous find-
ngs in osthole’s anti-inflammatory role in PBMC’s revealed it is

 natural histamine antagonist capable of beneficial use in anti-
istamine treatment of allergic conditions. Osthole is a favorable
herapeutic option because it lacks toxicity and bestows both direct
nd indirect positive effects on healthy cells (Kordulewska et al.,
015).

Unfortunately, however, the molecular mechanisms and gene
xpression of the main inflammatory genes remain unresolved.
herefore, we investigated the in vitro effects of FXF and osthole
n human HRH-1, COX-2, NF-�B, CCR1 and the formation of the
hemokine CCL5/RANTES and pro-inflammatory cytokine IL-1�. In
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 
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ddition to gaining insight into FXF and osthole action mechanisms,
he importance of osthole mRNA gene expression in inflammatory
rocesses demanded determination of the key signaling pathways
hat regulate gene expression in patients with diagnosed allergy.
 PRESS
biology xxx (2016) xxx–xxx

PBMC’s isolated from whole blood were used in our in vitro inves-
tigation to most closely duplicate in vivo conditions, and control
group comparison determined the affected signal pathways.

2. Materials and methods

2.1. Study participants

Our study group comprised 30 individuals aged 25–40 years
diagnosed with allergies (age: M = 31.10 years, SD = 4.94) and thirty
age-matched apparently healthy people without allergies or infec-
tions formed the controls (age: M = 30.90 years, SD = 4.95). Subjects
with fever, infections or skin problems, previous smokers and those
taking steroids or antibiotics were excluded from the study group.
All patients underwent skin tests for allergies and blood tests for IgE
antibodies; where the subject group results were all positive and
the control group’s negative. All participants gave written informed
consent and the study was conducted under approval of the local
Ethics Committee.

2.2. Chemicals

Fexofenadine (FXF; PubChem CID: 63002), osthole (PubChem
CID: 10228) and histamine (PubChem CID: 774) were obtained
from Sigma-Aldrich, ST. Lois, MO,  USA. The FXF was dissolved in
8% dimethylsulfoxide (DMSO, Sigma-Aldrich, ST. Lois, MO,  USA) to
final concentration below 0.1%; thus not affecting cell viability. The
osthole was  dissolved in 96% ethyl alcohol (AbChem, Poland) and
the histamine in RPMI-1640 (Sigma-Aldrich, ST. Lois, MO,  USA). All
solutions were sterilized through a 0.22 �g/ml filter and stored at
4 ◦C as stock solutions for later dilution.

2.3. PBMC isolation

Peripheral blood samples were collected from participants
between 7.00 and 9.00 a.m. on the first study day and these were
concentrated in grouping tubes with K3EDTA (Grainer Bio-One,
GmbH, Austria). Fresh PBMCs were then prepared as previously
described (Kordulewska et al., 2015). Isolated cells were seeded on
24-well plates (Sarstedt, Germany) at 1 × 106 per well with RPMI-
1640 and supplemented with 1% heat inactivated human AB serum,
1% gentamicin and 0.25% PHA. Active reagents were added to each
well after 24 h and pure medium formed the control for each sub-
stance. Cells were then harvested after a further three days.

2.4. Isolation of total RNA

Cells were collected by centrifugation at 800 × g for 10 min  at
20 ◦C (Eppendorf Centrifuge 5804R, Germany) and lyzed in 1 ml
TRIzol Reagent (Life Technologies, UK) by repetitive pipetting. After
incubation of the samples for 5 min  at room temperature to allow
complete dissociation of nucleoprotein complexes, 0.2 ml  chloro-
form (ABChem, Poland) was added per 1 ml  of TRIZOL Reagent.
The samples were mixed vigorously and centrifuged at 12,000g for
15 min  at 4 ◦C. Centrifugation separated the biphasic mixtures into
the lower red, phenol-chloroform phase and the upper colorless
aqueous phase.

RNA was precipitated from the aqueous phase by mixing with
0.5 ml  isopropanol. The samples were incubated at room temper-
ature for 10 min  and centrifuged at 12,000g for 10 min at 4 ◦C. The
supernatant was removed and the RNA pellet was washed once
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1�  in PBMC allergic and non-allergic
16.11.004

with 75% ethanol. The pellet was then air dried and dissolved in
diethyl pyrocarbonate (DEPC)-treated water. RNA purity was esti-
mated by calculating the ratio between absorbance at 260 and
280 nm (A260/A280), with 1.8–2.0 result, and stored at −80 ◦C for

dx.doi.org/10.1016/j.imbio.2016.11.004
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Fig. 1. Comparison of mRNA HRH-1 gene expression changes in PBMC in control and
allergy groups under the influence of histamine, FXF, osthole, histamine/FXF and
histamine/osthole. (A) between control and study group, (B) in the study group and
control group, (C) histamine vs. histamine/FXF and histamine/osthole in the study
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urther analysis. We  then determined DNA quality by agarose gel
lectrophoresis run as a single band.

.5. Reverse transcription

Purified RNA (50–200 ng) was reverse transcribed by High-
apacity cDNA Reverse Transcription Kits (Applied Biosystems, UK)
ccording to manufacturer instructions and templates were store
t −20 ◦C in RNase-free water for further analysis.

.6. Quantitative real time RT-PCR (qRT-PCR) and data analysis

Conditions for all RT-PCR analysis were optimized at 55–65 ◦C
elting point and primer concentrations before commencing rel-

vant experiments.
Seven genes: HRH-1, COX-2, NF-�B-p50, CCR1, IL-1�,

CL5/RANTES and the housekeeping human �-actin gene (ACTB)
ere examined; with ACTB used as reference gene to normalize

ifferences in total RNA amounts in each sample. Oligonucleotide
rimers specific to each gene were designed with Primer-BLAST,
nd the PCR primers are listed in Table 1.

RT-PCR was performed in the LightCycler 96 Real-Time PCR
ystem with the FastStart Essential DNA Green Master Kit (both
oche Diagnostics, Switzerland). The reaction was performed in
riplicate in a total volume of 20 �l containing: 10 �l Master Mix,

 �l cDNA template, 2 �l of each primer and 3 �l PCR-grade water
er well. The following LightCycler experimental-run protocol was
sed: denaturation programme (95 ◦C for 10 min), amplification
nd quantification program repeated 45 times (95 ◦C for 20 s,
0/62/63 ◦C for 20 s, and 72 ◦C for 20 s with a single fluorescence
easurement), melting curve program 60–95 ◦C with 0.1 ◦C per

econd heating rate and continuous fluorescence measurement and
nal cooling to 4 ◦C. A negative control without cDNA was included

n each assay and amplification product melting curve analysis was
erformed at the end of each PCR to confirm only one product was
mplified and detected. The gene-expression relative quantifica-
ion followed Pfaffl (2001) and the normal bladder sample with

edian ACTB expression was designated comparator.

.7. Statistical analysis

All statistical analyses were performed in triplicate by GraphPad
rism version 6.0 (GraphPad Software, Inc., USA). The statistical sig-
ificance of difference between mean values ± standard error was
etermined by analysis of variance (ANOVA); with p < 0.01 (99%
onfidence interval).

. Results

Concentrations of 300 ng/ml FXF and osthol and 150 ng/ml his-
amine were evaluated to determine changes in PBMC mRNA
xpression in both healthy and allergic groups in:

These concentrations were chosen because this is the FXF
uman serum level following its administration; and similar ost-
ole concentrations were required for comparison.

.1. Histamine H1 receptor mRNA expression results

The HRH-1 mRNA test effects on cultured cells are presented in
ig. 1. Sidak’s multiple comparison test revealed statistical signifi-
ance in the cells of both groups treated with histamine (p = 0.01);
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 
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here HRH-1 mRNA expression was two and four times higher
n the study and control groups, respectively. We  also deter-

ined statistically significant difference in control vs. histamine
nd control vs. histamine/FXF in the study group at p < 0.0001 and
group. Ctrl is HRH-1 gene expression in native cells; presented as 1. Statistically
significant differences between the control and tested sample is shown directly
above the error bar: **p < 0.01, *** p < 0.001, ****p < 0.0001, n = 30.

p < 0.01 respectively. FXF (p < 0.001) and osthole (p < 0.0001) inhib-
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1� in PBMC allergic and non-allergic
16.11.004

ited increased HRH-1 mRNA expression induced by histamine in
the study group. This result was also observed in cells cultured
with histamine/osthole; where combined substances decreased
HRH-1 mRNA expression compared to histamine (p < 0.0001). This

dx.doi.org/10.1016/j.imbio.2016.11.004
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Table 1
Primers used in PCR; with PCR primer nucleotide sequences used to assay gene expression in real-time quantitative PCR.

en Forward primer Revers primer Primer depending
temperature RT-PCR
(annealing temperature)

base pairs

ACTB NM-001101.3 5′-TCC CTG GAG GAA GAG
CTA CGA-3′

5′-AGC ACT GTG TTG GCG
TAC G-3′

60 ◦C 194 bp

HRH-1 MN  001098213.1 5′-GCC GAG AGG ACA AGT
GTG A-3′

5′-GGA GAC TCC TTC CCT
GGT TT-3′

63 ◦C 244 bp

COX-2 M90100.1 5′-TGG CTA CAA AAG CTG
GGA AG 3′

5′-ACT CAC CTT TGA CAC
CCA AG-3′

63 ◦C 110 bp

NF-�B  M58603.1 5′-TGG AGT CTG GGA AGG
ATT TG-3′

5′-CGA AGC TGG ACA AAC
ACA GA-3′

62 ◦C 129 bp

IL-1�  NM 000576 5′-AAG GCG GCC AGG ATA
TAA CT-3′

5′-CCC TAG GGA TTG AGT
CCA CA-3′

61 ◦C 102 bp

CCR1  NM 001295.2 5′-CCA GTG ATC TAC GCC
′

5′-AGA GGA AGG GGA GCC
 TA-3′

62 ◦C 103 bp

CA CA
TC-3′
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TTC GT-3 ATT
CCL5/RANTES DQ230537 5′-CGC TGT CAT CCT CAT

TGC TA-3′
5′-A
CTT

ndicates similar roles for osthole and FXF in allergy; where no
tatistically significant differences were established between his-
amine/FXF and histamine/osthole in study and control groups.

.2. COX-2 mRNA expression results

COX-2 mRNA test effects on cultured cells are presented in
ig. 2, with no statistically significant differences for all examined
ubstances observed between the study and control groups. The
owest COX-2 mRNA expression was observed in control group
ells treated with FXF and osthole and the highest was  recorded
n the histamine treatment; at p < 0.001 and p < 0.01 respectively.
o changes were revealed in COX-2 mRNA expression after stimu-

ation by the examined substances; study values remained higher
han controls. While histamine increased COX-2 mRNA expression
n the study group compared to controls (p < 0.001), FXF (p < 0.001)
nd osthole (p < 0.001) inhibited the increase in COX-2 mRNA
xpression induced by histamine. A similar result was  observed
n cells cultured with histamine/osthole; where combined sub-
tances decreased COX-2 mRNA expression compared to histamine
t p < 0.01. Again, no statistically significant differences were estab-
ished between histamine/FXF and histamine/osthole treatments.

.3. NF-�B-p50 mRNA expression results

We  investigated NF-�B-p50 after stimulation with the exam-
ned substances because it is one of the most important regulators
f proinflammatory gene expression. Here, PBMC’s exhibited the
ame tendency in both groups without statistical significance
Fig. 3). While lower mRNA expression level was observed in the
tudy group after stimulation with FXF and their means were
ower than control’s. Study group cells treated with histamine had
igher mRNA expression. Meanwhile, incubation with histamine in
he control group induced statistically significant increased mRNA
xpression compared to FXF at p < 0.0001 and osthole at p < 0.001;
nd similar difference was noted in cells incubated with FXF and
sthole in the study group where both substances decreased NF-
B-p50 mRNA expression induced by histamine (p < 0.0001). The
tudy group also had statistically higher mRNA expression than
ontrols in cells cultured with histamine (p < 0.001), and no statisti-
ally significant differences were found in the study group between
istamine/FXF and histamine/osthole treatments.
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 
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.4. CCR1 mRNA expression results

While no statistically significant differences in CCR1 mRNA
ffects on cultured cells were recorded between study and
C TTG GCG GTT 61 ◦C 196 bp

control groups in our Fig. 4, Sidak’s multiple comparison test pro-
vided p = 0.01 statistical significance in the cells of both groups
treated with histamine. Our study group cells cultured with
histamine revealed statistical increase over FXF and osthole at
p < 0.0001; and while further statistical significant difference was
noted in the control vs. histamine groups at p < 0.0001, once again
our study group recorded no statistically significant difference in
histamine/FXF and histamine/osthole treatments.

3.5. IL-1  ̌ mRNA expression results

The IL-1� mRNA effects on cultured cells in Fig. 5 reveal sig-
nificant difference between control and study groups only in
cells cultured with histamine (p < 0.0001). Study of substances
added to controls showed that while combined histamine/FXF and
histamine/osthole statistically increased IL-1� mRNA expression
compared to the control group (p < 0.0001) and also increased
it compared to FXF and osthole individually (p < 0.0001), both
FXF and osthole decreased expression compared to histamine
(p < 0.0001). Meanwhile, study of differences between the study
and control groups highlighted that combined histamine/FXF and
histamine/osthole statistically increased IL-1� mRNA expression in
the study group over controls (p < 0.0001) and over FXF and osthole
individually (p < 0.0001), while histamine increased this expression
compared to both FXF and osthole (p < 0.0001).

3.6. CCL5/RANTES mRNA expression results

CCL5/RANTES has long been recognized as crucial in allergy
pathogenesis. Our CCL5/RANTES mRNA test effects on cultured
cells are presented in Fig. 6; where we observed the follow-
ing statistically significant differences between control and study
groups in cells cultured with histamine (p < 0.0001), FXF (p < 0.001),
histamine/FXF (p < 0.0001) and histamine/osthole (p < 0.001). Addi-
tion of reagents to the study group gave the following statistically
significant differences in CCL5/RANTES mRNA expression (1)
increased expression ctrl. vs.: histamine and FXF (p < 0.0001);
osthole (p < 0.001) and histamine/FXF and histamine/osthole
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1�  in PBMC allergic and non-allergic
16.11.004

(p < 0.0001). (2) differences in reagent effect; osthole signifi-
cantly decreased expression compared to FXF (p < 0.001), and
histamine/FXF and histamine/osthole increased expression com-
pared to individual FXF and osthole addition (p < 0.0001).

dx.doi.org/10.1016/j.imbio.2016.11.004
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Fig. 2. Comparison of mRNA COX-2 gene expression changes in PBMC in control and
allergy groups under the influence of histamine, FXF, osthole, histamine/FXF and
histamine/osthole. (A) between control and study group, (B) in the study group and
control group, (C) histamine vs. histamine/FXF and histamine/osthole in the study
g
s
a

3
a

e

Fig. 3. Comparison of mRNA NF-�B-p50 gene expression changes in PBMC in control
and allergy groups under the influence of histamine, FXF, osthole, histamine/FXF and
histamine/osthole. (A) between control and study group, (B) in the study group and
control group, (C) histamine vs. histamine/FXF and histamine/osthole in the study
roup. Ctrl is COX-2 gene expression in native cells; presented as 1. Statistically
ignificant differences between the control and tested sample is shown directly
bove the error bar: **p < 0.01, *** p < 0.001, n = 30.

.7. Pearson’s correlation between histamine H1 receptor, CCR1
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 
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nd COX-2, NF-�B-p50, IL-1  ̌ and CCL5/RANTES

The correlations between receptors − HRH1 and CCR1 mRNA
xpression and COX-2, NF-�B-p50, IL-1� and CCL5/RANTES in
group. Ctrl is NF-�B gene expression in native cells; presented as 1. Statistically
significant differences between the control and tested sample is shown directly
above the error bar: ***p < 0.001, **** p < 0.0001, n = 30.

the control and study groups are presented in Table 2. Here, we
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1� in PBMC allergic and non-allergic
16.11.004

observed almost complete correlation between HRH-1/COX-2 and
HRH-1/IL-1� in the study group. In similar investigation with
CCR1/COX-2, CCR1/NF-�B-p50 and CCR1/IL-1�,  the control group
registered only the same correlation between CCR1 and CCL5 and

dx.doi.org/10.1016/j.imbio.2016.11.004
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Fig. 4. Comparison of mRNA CCR1 gene expression changes in PBMC in control
and allergy groups under the influence of histamine, FXF, osthole, histamine/FXF
and histamine/osthole. (A) between control and study group, (B) in the study group
and  control group, (C) histamine vs. histamine/FXF and histamine/osthole in the
s
s
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n
e
H
�
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Fig. 5. Comparison of mRNA IL-1� gene expression changes in PBMC in control
and  allergy groups under the influence of histamine, FXF, osthole, histamine/FXF
and  histamine/osthole. (A) between control and study group, (B) in the study group
and  control group, (C) histamine vs. histamine/FXF and histamine/osthole in the

mRNA gene expression, in conjuction with COX-2, NF-�B-p50, IL-
tudy group. Ctrl is IL-1� gene expression in native cells; presented as 1. Statistically
ignificant differences between the control and tested sample is shown directly
bove the error bar: ****p < 0.0001, n = 30.

o further correlations were established between age or gender in
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 

Expression of histamine H1 receptor, COX-2, NF-�B, CCR1, chemoki
allergic patients. Immunobiology (2016), http://dx.doi.org/10.1016/j.i

ither group. Our Figs. 7 and 8 indicate that increased expression of
RH-1 or the CCR1 receptor also increased the level of COX-2, NF-
B-p50, IL-1� and CCL5/RANTES mRNA. This result was  reversed in
BMC’s. These findings suggest that histamine, FXF and osthole act
study group. Ctrl is CCR1gene expression in native cells; presented as 1. Statistically
significant differences between the control and tested sample is shown directly
above the error bar: **p < 0.01, ****p < 0.0001, n = 30.

at induction and transcription levels for receptor HRH1 and CCR1
gene expression induced by histamine, fexofenadine and osthole:
ne CCL5/RANTES and interleukin-1�  in PBMC allergic and non-
mbio.2016.11.004

1� and CCL5/RANTES mRNA levels. It is most important here that
both osthole and FXF reduced mRNA expression of all examined
genes compared to histamine.

dx.doi.org/10.1016/j.imbio.2016.11.004
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Fig. 6. Comparison of mRNA CCL5/RANTES gene expression changes in PBMC in con-
trol  and allergy groups under the influence of histamine, FXF, osthole, histamine/FXF
and  histamine/osthole. (A) between control and study group, (B) in the study group
and control group, (C) histamine vs. histamine/FXF and histamine/osthole in the
s
s
a

4

H
m

Table 2
Pearson’s correlation between the control and study group.

Control group −
Pearson’s correlation (R)

Study group − Pearson’s
correlation (R)

HRH-1/COX-2 HRH-1/COX-2
0.72  0.92
HRH-1/NF-�B-p50 HRH-1/NF-�B-p50
0.67  0.88
HRH-1/IL-1�  HRH-1/IL-1�
0.69 0.93
HRH-1/CCL5 HRH-1/CCL5
0.70 0.83
CCR1/COX-2 CCR1/COX-2
0.74  0.97
CCR1/NF-�B-p50 CCR1/NF-�B-p50
0.68  0.96
CCR1/IL-1� CCR1/IL-1�
tudy group. Ctrl is CCR1gene expression in native cells; presented as 1. Statistically
ignificant differences between the control and tested sample is shown directly
bove the error bar: ***p < 0.001, ****p < 0.0001, n = 30.

. Discussion
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Yamaura et al. (2009) investigated the effect of histamine
1 receptor antagonist-resistant pruritus in a mouse model. The
ice scratching behavior induced by 300 nmol histamine injected
0.89  0.99
CCR1/CCL5 CCR1/CCL5
0.94  0.80

intradermally in the rostral region of their back was reduced by FXF
treatment. We  achieved the same result in our in vitro studies of
histamine H1 receptor expression. Although histamine statistically
increased the histamine H1 receptor expression level, combined
histamine/FXF treatment reduced this mRNA expression level by
half. This result confirms that FXF effectively blocks histamine H1
receptor activity. It is highly important that we also established
that osthole produced the same reduction in histamine H1 receptor
expression and that we recorded no statistical difference between
the histamine/FXF and histamine/osthole effects in our in vitro
studies (Fig. 1).

Further research by Giustizieri et al. (2004) examined the
presence of functional histamine H1 receptors on human ker-
atinocytes and the capacity of histamine to modulate the
expression of inflammatory molecules in these cells. Their cul-
tured keratinocytes also constitutively expressed H1 receptor
mRNA after treatment with histamine, and they noted IFN-
gamma  induced expression of membrane intercellular adhesion
molecule 1 and MHC  class I. It is interesting that similar to
our study, they stimulated cells with a third-generation non-
sedative antihistamine (levocetirizine) which is developed from
the second-generation cetirizine. Levocetirizine administration
abolished histamine-dependent expression of all investigated pro-
inflammatory molecules in a dose-dependent manner.

While no available literature information exists on osthole activ-
ity in histamine H1 receptor mRNA expression, our major objective
in determining whether osthole has similar effect to FXF in block-
ing histamine action was  successful, because we  clearly confirmed
that osthole and FXF both exerted the same reduction in histamine
H1 receptor expression.

COX is the rate-limiting enzyme in conversion of arachidonic
acid to prostaglandin (PG) H2; the precursor of various compounds
including PGs, prostacyclin and thromboxanes which are important
inflammatory mediators (Yang et al., 2011). At least two COX genes,
COX-1 and COX-2, have been identified. COX-1 is constitutively
expressed in many tissues and plays important roles in homeo-
stasis. In contrast, COX-2 is an immediate early gene induced by
various stimuli including mitogens, growth factors, cytokines, hor-
mones and tumor promoters (Cheng et al., 2004). The COX pathway
induces the production of prostaglandins through the constitu-
tively expressed COX-1 and inducible COX-2 enzymes. COX-2 is
upregulated in inflammation; therefore agents that suppress COX-
2 activity may  be potential drug targets to inhibit inflammation in
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1� in PBMC allergic and non-allergic
16.11.004

allergies.
With respect to COX-2 gene transcriptional regulation, its pro-

moter contains many cis-acting regulatory elements; of these only
NF-�B site, CRE, NF-IL6 motif, and E-box are known to be involved

dx.doi.org/10.1016/j.imbio.2016.11.004
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ig. 7. Comparison of mRNA HRH-1 gene expression and protein mRNA CCL5/RAN
he  influence of histamine, FXF, osthole, histamine/FXF and histamine/osthole. Ctrl

n regulating COX-2 gene expression (Harper and Tyson-Capper,
008; Thurmond et al., 2008). Transcription factors bind to these
ites in a variety of combinations depending on cell type and the
egulatory pathway activated. Our study established that histamine
ctivates NF-�B transcription factor, and we speculate that his-
amine may  have caused the marked NF-�B upregulation in our
tudy, and also enhanced NF-�B binding to the COX-2 promoter;
ith COX-2 promoter activation leading to increased COX-2 mRNA

xpression.
We also demonstrated that cells cultured with histamine
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ncrease COX-2 mRNA expression and that FXF and osthole reduce
t in both study groups (Fig. 2). It is interesting that mRNA COX-

 expression after stimulation is at a comparative level to that

ig. 8. Comparison of mRNA CCR1 gene expression and protein mRNA CCL5/RANTES, COX
nfluence of histamine, FXF, osthole, histamine/FXF and histamine/osthole. Ctrl is gene ex
OX-2, IL-1�, NF-�B-p50 gene expression changes in PBMC in allergy groups under
e expression in native cells; presented as 1.

in the control. Yang et al. (2001) reported similar results in poly-
morphonuclear neutrophil suppression of COX-2 mRNA expression
when these cells were stimulated by a new mixed formula of Chi-
nese herbs.

NF-�B is a major regulator of important cell processes, such
as cellular proliferation, immunity, inflammation and apoptosis
(Bakker et al., 2001; Gloire et al., 2006; Madonna and De Caterina,
2012; Barroso et al., 2016). It is part of the NF-�B family; a het-
erogeneous set of transcription factors that dimerize in different
combinations at the common Rel homology domain. Five mam-
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1�  in PBMC allergic and non-allergic
16.11.004

malian NF-�B proteins have been identified, including p65 (also
called RelA), RelB, c-Rel, p50 (or NF-�B1) and p52 (or NF-�B2).
These share a conserved DNA-binding domain (Hayden and Ghosh,

-2, IL-1�, NF-�B-p50 gene expression changes in PBMC in allergy groups under the
pression in native cells; presented as 1.

dx.doi.org/10.1016/j.imbio.2016.11.004
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004; Kumar et al., 2004). NF-�B is important in regulating the tran-
criptional expression of many genes involved in inflammation and
llergy dysfunction, and is therefore considered a promising ther-
peutic target to reduce allergic symptoms (Bakker et al., 2001;
ayden and Ghosh, 2004). This led us to examine NF-�B in this

tudy.
More recently, the H1 receptor has also been shown to acti-

ate NF-�B (Bakker et al., 2001; Aoki et al., 1998; Hu et al.,
999). Since both H1 receptor and NF-�B are involved in allergic
onditions, it is attractive to speculate that coupling the H1 recep-
or and NF-�B pathways would be physiologically important in
hese disorders. Bakker et al. (2001) demonstrated that H1 recep-
or mediated NF-�B activation is inhibited by all clinically used
1-antihistamines tested to date; including cetirizine, ebastine,
pinastine, FXF, loratadine and mizolastine. This indicates all these
rugs are inverse H1-agonists. We  obtained similar results; where
istamine increased NF-�B mRNA expression and FXF successfully

nhibited it in our control. While expression was also inhibited
y osthole, it is important that cells incubated with the combined
istamine/FXF and histamine/osthole also inhibited NF-�B mRNA
xpression (Fig. 3).

Hart et al. (1998) demonstrated increased NF-�B activity in asth-
atic patient airways and in inflammatory cells. They reported

hat cells from induced sputum and bronchial biopsies from mildly
sthmatic patients increased NF-�B expression. Our study also
ndicated higher NF-�B mRNA expression in the study group
han in controls, and that histamine’s immunomodulatory effect
ncreased NF-�B expression in PBMCs. These findings suggest that
F-kB has an important role in maintaining chronic inflammatory

esponses in allergies, because increased NF-�B binding is associ-
ted with increased gene expression in relevant allergy cytokines
nd enzymes. Yamamoto and Gaynor (2001) and Christman et al.
2000) found that asthmatic pathogenesis involves persistent
xpression of pro-inflammatory cytokines, chemokines and other
nflammatory mediators, and that the genes of many of these pro-
eins contain NF-�B binding sites in their promoters; suggesting
F-�B plays a vital role in asthma.

NF-�B is also implicated in inflammatory bowel disease; includ-
ng Crohn’s disease and ulcerative colitis (Neurath et al., 1998;
chreiber et al., 1998). NF-�B activation is evident in biopsies from
hese patients, and treatment with steroids decreases NF-�B activ-
ty in biopsies and reduces clinical symptoms. Furthermore, NF-�B
s involved in the pathophysiology of rheumatoid arthritis autoim-

une disorder (RA). NF-�B is upregulated there, and cytokines such
s TNF-� which activate NF-�� are elevated in the synovial fluid
f RA patients (Feldmann et al., 1996; Roman-Blas and Jimenez,
006). In addition to the roles that NF-�B plays in inflammatory
iseases, constitutive activation of the NF-�B pathway is involved

n cancers; including leukemia, lymphoma and colon and ovarian
ancer (Rayet and Gelinas, 1999). Mutations which can lead to such
umors include inactivation of I�B proteins and amplifications and
earrangements of genes encoding NF-�B transcription factor sub-
nits. However, it is more commonly considered that changes in
pstream pathways leading to NF-�B activation become deregu-

ated in cancer.
Important features of our study are the clear demonstration that

XF and osthole significantly reduce NF-�B expression (Fig. 3) and
hat these additionally examined substances have more influence
n NF-�B expression than histamine.

The pharmacological targeting of chemokines and chemokine
eceptors has long been recognized as a viable approach in treat-
ng allergy and asthma (Murdoch and Finn, 2000; Lloyd and
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 
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ankin, 2003; Proudfoot et al., 2003). Blease et al’s. (2000) studies
ighlighted the importance of CCR1 in the persistence of air-
ay remodeling during chronic fungal asthma, and these findings

rovided the impetus to explore whether the pharmacological
 PRESS
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targeting of this chemokine receptor was  as effective in attenuat-
ing this and other features of chronic allergic airway disease due to
Aspergillus. It was observed that the systemic administration of the
CCR1 antagonist with BX-471 anti-inflammatory activity beginning
at day 15 after Conidia challenge in A. fumigatus-sensitized-mice
attenuated all the features of airway disease typically observed in
this model at day 30; including peribronchial inflammation and
airway hyper-response, and remodeling. The effect of BX-471 on
CC and CXC chemokine receptor transcript expression, all of which
have been implicated in allergic airway disease and asthma (Nagase
et al., 2001), increases the therapeutic potential of CCR1 antagonism
in clinical disease.

Similar data from our study shows that CCL5/RANTES and
CCR1 were expressed by PBMC and that histamine increased
CCR1 mRNA study-group expression compared to the control
(Figs. 4 and 6). This suggests that CCL5/RANTES and CCR1 are
involved in the accumulation of inflammatory cells in allergic
inflammation. The regulation of CCR1 expression remains uncer-
tain, although lipopolysaccharides, IFN-�, IL-2 and IL-15 are known
to induce CCR1 expression in monocytes, neutrophils and activated
T cells (Schall et al., 1990). Our research confirmed that histamine
induced CCR1 mRNA expression. We  demonstrated almost com-
plete correlation between CCR1 and COX-2, NF-�B-p50 and IL-1�,
and also that FXF and osthole significantly decreased CCR1 mRNA
expression compared to histamine. This latter finding supports ost-
hole’s ant-inflammatory properties.

The following results have also emerged from CCR1 research: (1)
Lukacs et al. (2005) and Schwarze et al. (1997) elucidated the role of
CCR1 and its ligand CCL5/RANTES in a model of respiratory syncytial
virus (RSV) which developed before later cockroach allergen (CRA)
sensitization and challenge; while previous studies had shown
that RSV infection occurring before or during allergen sensitization
could exacerbate the allergic response: (2) John et al. (unpublished
data, 2004) found that CCR1/mice did not differ from their wild-
type counterparts in airway hyper-response or inflammation in a
CRA-induced asthma model (Miller and Lukacs, 2004). This result
was similar to findings in a fungal-induced asthma model (Blease et
al., 2000); (3) John et al. (2003) observed that CCR1/mice exhibited
significantly decreased airway hyper-response and mucus overpro-
duction over wild-type mice in a combined RSV–CRA model. These
pathophysiological changes correlated with decreased levels of IL-
4, IL-13, neutrophils, and CD4+ T cells. In addition, although CCL5
RSV induction is considered to contribute to exacerbated allergic
response, its role apears inflammatory rather than pathophysio-
logical. This combined data supports CCR1 as a viable target in
treatment of long-term chronic asthma; especially asthma asso-
ciated with viral and fungal infections.

IL-1� is considered a major proinflammatory cytokine with
pleiotropic roles in host defense, inducing acute and chronic inflam-
mation through activation of both innate and acquired immune
systems. IL-1� research includes; (1) despite reports that IL-1
and caspase-1 mRNA levels produced by monocytes in patients
with atopic dermatitis (AD) are lower than those in healthy sub-
jects (Räsänen et al., 1987; Kapp et al., 1988; Higashi et al.,
2001), other research indicates the reverse situation (Thestrup-
Pedersen et al., 1989). (2) Kordulewska et al. (2016) observed
that PBMC’s from allergic individuals produced 5-fold IL-1� com-
pared to healthy people; this was  supported by serum analysis.
(3) Our Fig. 4 shows, that cells treated with histamine significantly
induce IL-1� mRNA expression in the study group over controls:
(4) Bochner et al. (1990) observed upregulated IL-1� mRNA pro-
tein expression in atopic-dermatitis-patients’ skin (AD) following
gene expression induced by histamine, fexofenadine and osthole:
CL5/RANTES and interleukin-1� in PBMC allergic and non-allergic
16.11.004

epicutaneous application of ragweed or house dust mite antigen;
this did not occur in healthy subjects; (5) keratinocyte-specific IL-4-
overexpressing-Tg-mice spontaneously developed skin inflamma-
tion similar to human AD and had increased IL-1� mRNA expression

dx.doi.org/10.1016/j.imbio.2016.11.004
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n local inflammatory lesions (Chen et al., 2008); this supports con-
ideration that IL-1 is involved in AD development; (6) asthmatic
lveolar macrophages produced IL-1 in response to stimuli such as
ilica and LPS (Oghiso and Kubota, 1986); (7) IL-1 induces proin-
ammatory mediators, including TNF, IL-6 and IL-8 and adhesion
olecules, in airway smooth muscle, epithelial cells and endothe-

ial cells, and it also augments IgE-mediated mast cell activation,
uch as Th2 cytokine secretion (Iikura et al., 2007); thus suggesting
L-1 involvement in development of IgE-mediated allergic diseases
uch as allergic asthma; and this is further supported by IL-1� and
L-1Ra genes-promoter-polymorphism associated with suscepti-
ility to the disease (Cookson, 2002); (8) Serum IL-1� is increased in
topic asthmatics compared to non-atopic asthmatics and chronic
bstructive pulmonary disease patients (COPD) (Mahajan et al.,
008); (9) IL-1� and/or IL-1Ra expression increased in asthmatic
ronchial epithelium and macrophages (Murillo et al., 2003); (10)
ince IL-1 enhances the mast cell cytokine secretion described
bove, and also histamine release (Subramanian and Bray, 1987), IL-

 may  be involved in food allergy induction; as seen in (11) where
dministration of rIL-1Ra to guinea pigs reduced the IgE produc-
ion and anaphylaxis induced by cow milk (Theodorou et al., 1993)
nd finally (12) genome-wide association study suggests that IL-
�, IL-1� and IL-1Ra polymorphism in allergic rhinitis patients is
ssociated with susceptibility to this disease (Joki-Erkkilä et al.,
003).

These combined observations, supported by our results, contend
hat IL-1 contributes to the pathogenesis of allergy and asthma.
owever, elucidation of IL-1’s precise role in development of these
llergic diseases remains dependent on investigating IL-1-related
ene-deficient mice.

In conclusion, allergy remains one of the most common chronic
iseases in Europe and it is rapidly approaching epidemic pro-
ortions; with current predictions estimating that the number of
llergy-afflicted will equal the healthy population by 2020. It is
herefore paramount to find new pharmaceuticals which success-
ully combat allergic disease (Barroso et al. 2016; Roman-Blas and
imenez, 2006).

onflict of interest

The authors declare they have no competing interests.

eferences

lam, R., York, J., Boyars, M.,  Stafford, S., Grant, J.A., Lee, J., Forsythe, P., Sim, T., Ida,
N.,  1996. Increased MCP-1, RANTES, and MIP-1alpha in bronchoalveolar lavage
fluid of allergic asthmatic patients. Am.  J. Respir. Crit. Care Med. 153 (4),
1398–1404.

oki, Y., Qiu, D., Zhao, G.H., Kao, P.N., 1998. Leukotriene B4 mediates histamine
induction of NF-�B and IL-8 in human bronchial epithelial cells. Am.  J.
Physiol.—Lung Cell. Mol. Physiol. 274 (6), L1030–L1039.

sif, M., 2015. Pharmacological activities and phytochemistry of various plant
containing coumarin derivatives. Curr. Sci. 1 (3), 77–90.

akker, R.A., Schoonus, S.B., Smit, M.J., Timmerman, H., Leurs, R., 2001. Histamine
H1-receptor activation of nuclear factor-�B: roles for G��-and
G�q/11-subunits in constitutive and agonist-mediated signaling. Mol.
Pharmacol. 60 (5), 1133–1142.

arnes, P.J., Adcock, I.M., 1997. NF-kB: a pivotal role in asthma and a new target for
therapy. Am.  J. Physiol 265, C577–06.

arroso, M.,  Kao, D., Blom, H.J., de Almeida, I.T., Castro, R., Loscalzo, J., Handy, D.E.,
2016. S-adenosylhomocysteine induces inflammation through NFkB: A
possible role for EZH2 in endothelial cell activation. Bioch. Biophys. Acta—Mol.
Basis Dis. 1862 (1), 82–92.

lease, K., Mehrad, B., Standiford, T.J., Lukacs, N.W., Kunkel, S.L., Chensue, S.W., Lu,
B., Gerard, C.J., Hogaboam, C.M., 2000. Airway remodeling is absent in Ccr1-/-
mice during chronic fungal allergic airway disease. J. Immunol 165, 1564–1572.

ochner, B.S., Charlesworth, E.N., Lichtenstein, L.M., Derse, C.P., Gillis, S., Dinarello,
Please cite this article in press as: Kordulewska, N.K., et al., Changes in 

Expression of histamine H1 receptor, COX-2, NF-�B, CCR1, chemokine C
patients. Immunobiology (2016), http://dx.doi.org/10.1016/j.imbio.20

C.A., Schleimer, R.P., 1990. Interleukin-1 is released at sites of human
cutaneous allergic reactions. J. Allergy Clin. Immunol. 86 (6), 830–839.

hao, X., Zhou, J., Chen, T., Liu, W.,  Dong, W.,  Qu, Y., Jiang, X., et al., 2010.
Neuroprotective effect of osthole against acute ischemic stroke on middle
cerebral ischemia occlusion in rats. Brain Res. 1363, 206–211.
 PRESS
biology xxx (2016) xxx–xxx

Chen, L., Overbergh, L., Mathieu, C., Chan, L.S., 2008. The development of atopic
dermatitis is independent of immunoglobulin E up-regulation in the K14-IL-4
SKH1 transgenic mouse model. Clin. Exp. Allergy 38 (8), 1367–1380.

Cheng, A.S., Chan, H.L., To, K.F., Leung, W.K., Chan, K.K., Liew, C.T., Sung, J.J., 2004.
Cyclooxygenase-2 pathway correlates with vascular endothelial growth factor
expression and tumor angiogenesis in hepatitis B virus-associated
hepatocellular carcinoma. Int. J. Oncol. 24 (4), 853–860.

Christman, J.W., Sadikot, R.T., Blackwell, T.S., 2000. The role of nuclear factor-� B in
pulmonary diseases. Chest J. 117 (5), 1482–1487.

Cookson, W.,  2002. Genetics and genomics of asthma and allergic diseases.
Immunol. Rev. 190 (1), 195–206.

Cruikshank, W.W.,  Long, A., Tarpy, R.E., Kornfeld, H.,  Carroll, M.P., Teran, L., Holgate,
S.T.,  Center, D.M., 1995. Early identification of interleukin-16 (lymphocyte
chemoattractant factor) and macrophage inflammatory protein 1 alpha (MIP1
alpha) in bronchoalveolar lavage fluid of antigen-challenged asthmatics. Am.  J.
Respir. Cell Mol. Biol. 13 (6), 738–747.

Debacker, M.D., Gommeren, W.,  Moereels, H., Nobels, G., Vangompel, P., Leysen,
J.E., Luyten, W.H., 1993. Genomic cloning, heterologous expression and
pharmacological characterization of a human histamine H1 receptor. Biochem.
Biophys. Res. Commun. 197 (3), 1601–1608.

Douglass, J.A., O’Hehir, R.E., 2006. Diagnosis, treatment and prevention of allergic
disease: the basics. Med. J. 185, 228–233.

Feldmann, M.,  Brennan, F.M., Maini, R.N., 1996. Role of cytokines in rheumatoid
arthritis. Annu. Rev. Immunol. 14 (1), 397–440.

Galli, S.J., Tsai, M.,  Piliponsky, A.M., 2008. The development of allergic
inflammation. Nature 454 (7203), 445–454.

Giustizieri, M.L., Albanesi, C., Fluhr, J., Gisondi, P., Norgauer, J., Girolomoni, G., 2004.
H1 histamine receptor mediates inflammatory responses in human
keratinocytes. J. Allergy Clin. Immunol. 114 (5), 1176–1182.

Gloire, G., Legrand-Poels, S., Piette, J., 2006. NF-kappaB activation by reactive
oxygen species: fifteen years later. Biochem. Pharmacol. 72, 493–1505.

Harper, K.A., Tyson-Capper, A.J., 2008. Complexity of COX-2 gene regulation.
Biochem. Soc. Trans. 36 (3), 543–545.

Hart, L.A., Krishnan, V.L., Adcock, I.M., Barnes, P.J., Chung, K.F., 1998. Activation and
localization of transcription factor, nuclear factor-�B, in asthma. Am.  J. Respir.
Crit. Care Med. 158 (5), 1585–1592.

Hawrylowicz, C.M., O’garra, A., 2005. Potential role of interleukin-10-secreting
regulatory T cells in allergy and asthma. Nat. Rev. Immunol. 5 (4), 271–283.

Hayden, M.S., Ghosh, S., 2004. Signaling to NF-kappaB. Genes Dev. 18,
2195–2224.

Higashi, N., Gesser, B., Kawana, S., Thestrup-Pedersen, K., 2001. Expression of IL-18
mRNA and secretion of IL-18 are reduced in monocytes from patients with
atopic dermatitis. J. Allergy Clin. Immunol. 108 (4), 607–614.

Hu, Q., Deshpande, S., Irani, K., Ziegelstein, R.C., 1999. [Ca2+] i oscillation frequency
regulates agonist-stimulated NF-�B transcriptional activity. J. Biol. Chem. 274
(48), 33995–33998.

Iikura, M., Suto, H., Kajiwara, N., Oboki, K., Ohno, T., Okayama, Y., Saito, H., et al.,
2007. IL-33 can promote survival, adhesion and cytokine production in human
mast cells. Lab. Invest. 87 (10), 971–978.

Jiao, Y., Kong, L., Yao, Y., Li, S., Tao, Z., Yan, Y., Jingxian, Y., et al., 2016. Osthole
decreases beta amyloid levels through up-regulation of miR-107 in
Alzheimer’s disease. Neuropharmacology 108, 332–344.

John, A.E., Berlin, A.A., Lukacs, N.W., 2003. Respiratory syncytial virus-induced
CCL5/RANTES contributes to exacerbation of allergic airway inflammation. Eur.
J.  Immunol. 33 (6), 1677–1685.

Joki-Erkkilä, V.P., Karjalainen, J., Hulkkonen, J., Pessi, T., Nieminen, M.M.,  Aromaa,
A.,  Klaukka, T., et al., 2003. Allergic rhinitis and polymorphisms of the
interleukin 1 gene complex. Ann. Allergy Asthma Immunol. 91 (3), 275–279.

Jutel, M., Watanabe, T., Klunker, S., Akdis, M.,  Thomet, O.A., Malolepszy, J.,
Zak-Nejmark, T., 2001. Histamine regulates T-cell and antibody responses by
differential expression of H1 and H2 receptors. Nature 413 (6854), 420–425.

Kapp, A., Kirnbauer, R., Luger, T.A., Schöpf, E., 1988. Altered production of
immuno-modulating cytokines in patients with atopic dermatitis: acta
dermato-venereologica. Supplementum 144, 97–99.

Kermani, E.K., Sajjadi, S.E., Hejazi, S.H., Arjmand, R., Saberi, S., Eskandarian, A.A.,
2016. Anti-leishmania activity of osthole. Pharmacogn. Res. 8 (1), S1.

Kordulewska, N.K., Kostyra, E., Matysiewicz, M.,  Cieślińska, A., Jarmołowska, B.,
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