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Abstract. – OBJECTIVE: The objectives of 
this study were to characterize the endotypes 
of different chronic rhinosinusitis without na-
sal polyps (CRSsNP) samples, to investigate the 
effects of certain anti-inflammatory drugs on 
these endotypes, and to investigate the effect of 
the same drugs on recently identified CRSsNP 
marker proteins.

PATIENTS AND METHODS: Initially, ethmoid 
tissues (ETs) from CRSsNP patients (n=12) were 
dissected into sections and incubated with the 
addition of mometasone, verapamil, cenicriviroc, 
and dupilumab. Cell culture media were collect-
ed after 24 hours, and the contents of the secret-
ed proteins interferon-gamma (IFN-γ), interleukin 
(IL)-5, IL-17A, macrophage inflammatory protein-1 
beta (MIP-1β), resistin and platelet (P)-selectin 
were measured using enzyme-linked immunosor-
bent assay (ELISA). The endotypes were charac-
terized using the unstimulated samples. The fold 
changes of protein secretion caused by the ana-
lyzed substances were calculated. For each pro-
tein, the samples of the distinct endotypes were 
compared with the remaining samples. 

RESULTS: Both single and mixed endotypes 
were identified within the CRSsNP samples, 
whereas none of the typical endotype-defin-
ing cytokines were elevated in a significant por-
tion of the samples. All of the incubated medica-
ments greatly reduced the tissue secretions of 
IFN-γ and IL-5 in type 1 CRS while causing a low-
er secretion of IL-17A in all endotypes compared 
to the remaining samples. Among the analyzed 
CRSsNP marker proteins, the distinct endotypes 
revealed different reactions to the drugs. Dup-
ilumab induced more effects among the exam-
ined cytokines than the marker proteins but did 
not stand out from the other substances overall.

CONCLUSIONS: Medications used to treat 
CRS may have different effects on distinct CRS 
endotypes.

Key Words: 
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Nasal polyps, Sinusitis.

Introduction

CRS is divided into the phenotypes CRS with 
nasal polyps (CRSwNP) and without nasal pol-
yps (CRSsNP). The three underlying endotypes, 
type 1, type 2, and type 3 CRS, are character-
ized by different pathophysiological features1. 
CRS represents a high burden for patients whose 
medical therapy is often based on symptoms2,3. 
Consequently, many patients do not improve with 
medical therapy and ultimately require surgery4-6. 
These treatment failures cause immeasurable ex-
penses every year and should, therefore, be pre-
vented1. While the pathophysiology of CRSwNP 
is already well elucidated and many innovative 
treatment options exist, including the application 
of antibodies that specifically target CRS-associ-
ated antigens1,7,8, research on CRSsNP is not as 
advanced1.

Mometasone (MOM), verapamil (VRP), ceni-
criviroc (CVC), and dupilumab (DUP) are med-
ical substances that exert their effects by dif-
ferent mechanisms and have anti-inflammatory 
properties9-12. While MOM is often prescribed 
for CRSsNP patients13, CRSwNP patients are fre-
quently treated by DUP14. VRP was also proven 
to be effective in this group9,15. CVC has not been 
considered for CRS treatment so far11.

Interferon-gamma (IFN-γ), interleukin-5 (IL-
5), and IL-17A are characteristic cytokines that 
belong to distinct Thymus-helper (Th) cell re-
sponses and participate in the pathophysiology of 
the different CRS endotypes1,16. Since there are no 
suitable biomarkers for CRSsNP so far, a study17 
was recently carried out in order to find such bio-
markers. In this study17, MIP-1β and resistin were 
found to be overexpressed, and P-selectin was 
found to be downregulated in CRSsNP mucus. 
MIP-1β and resistin are proinflammatory proteins 
expressed by different immune cells and the epi-
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thelium18-20. P-selectin is a cell adhesion molecule 
mainly expressed by activated platelets and endo-
thelial cells. It plays an important role in immuni-
ty and platelet aggregation21.

Previous research22-24 on various diseases has 
already demonstrated the great importance of the 
endotype for therapy response. However, for CRS 
there is only little knowledge with regard to this 
phenomenon.

Therefore, the objectives of this study were to 
characterize the endotypes of different CRSsNP 
samples, to investigate the effects of certain an-
ti-inflammatory drugs on these endotypes, and to 
investigate the effect of the same drugs on recent-
ly identified CRSsNP marker proteins.

Patients and Methods

Patients 
This study was approved by the institutional 

review board of the University of Erlangen-Nürn-
berg (No.: 17-269_1-B), and all patients provided 
written informed consent. The study adheres 
to the Helsinki Declaration. The diagnosis of 
CRSsNP was based on clinical diagnostic stan-
dards from the International Consensus State-
ment on Allergy and Rhinology2. All patients un-
derwent surgery for CRS [functional endoscopic 
sinus surgery (FESS), septoplasty, and turbinate 
reduction]. Exclusion criteria included ciliary 
dysfunction, autoimmune disease, cystic fibrosis, 
immunodeficiency, malignancies, gastroesopha-
geal reflux disease, chronic rheumatic disease, or 
any other disease requiring long-term corticoste-
roid therapy. Figure 1 shows a flow chart of the 
patients who were used for this study.

Incubation of Nasal Tissues in Cell 
Culture Medium Under Addition of 
Different Drugs

Ethmoid tissue (ET) from CRSsNP patients 
(n=12) served as tissue samples. All tissues were 

used immediately after removal from the patient. 
For each experiment, the tissue was cut into six 
pieces with a visually similar size, which were 
weighed using the KERN 770/GS/GJ precision 
scale (Kern & Sohn GmbH, Balingen, Germany) 
and then washed briefly in EpiLife™ calcium-free, 
phenol red-free (CF/PRF) medium (Thermo Fisher 
Scientific, Bonn, Germany). As indicated in Table 
I, incubation media were freshly prepared before 
each experiment by adding different drugs to EpiL-
ife™ CF/PRF medium. All selected medicaments 
had revealed effects in cell culture experiments for 
their respective comparable final concentrations 
in previous studies25-28. One piece of tissue was 
placed in one well of a CELLSTAR® cell culture 
plate (Carl Roth, Karlsruhe, Germany) with 1 mL 
of each incubation medium. Two negative controls 
were carried out per experiment. One consisted 
of pure EpiLife™ CF/PRF medium as a reference 
for DUP and VRP, whose solutions were prepared 
without using dimethyl sulfoxide (DMSO), while 
the other one consisted of EpiLife™ CF/PRF medi-
um with 0.5% DMSO. This served as a reference 
for MOM and CVC, whose solutions were prepared 
by using DMSO since DMSO itself is known to 
affect cellular processes29. The tissue pieces were 
incubated at 37°C and a carbon dioxide (CO2) level 
of 5% in the Heraeus/Kendro HERAcell Incubator 
(Thermo Fisher Scientific, Bonn, Germany) on a 
laboratory shaker (Expondo GmbH, Berlin, Ger-
many). The media were collected after 24 hours 
and stored at -80°C (Figure 1).

Analysis of IFN-γ, IL-5, IL-17A, MIP-1β, 
Resistin, and P-selectin Protein in Cell 
Culture Media by ELISA

ELISA tests for IFN-γ, IL-5, IL-17A, MIP-1β, 
resistin, and P-selectin were conducted using the 
media samples of the CRSsNP ETs (n=12). All 
ELISAs were performed according to the manu-
facturer ś protocols.

For IFN-γ, the media were diluted 1:2 with As-
say Dilution Buffer (included in the kit), and the 

Substance Manufacturer Final concentration

Mometasone furoate Cayman Chemical, Michigan, USA 30 µM
Verapamil (hydrochloride) Cayman Chemical, Michigan, USA 93 µM
Cenicriviroc Cayman Chemical, Michigan, USA 21.5 µM
Dupilumab (from Dupixent® 300 mg 
Injection Pen)

Sanofi-Aventis Deutschland GmbH, Frankfurt, 
Germany

5 µM

µM, micromolar.

Table I. Preparation scheme of incubation solutions.
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IFN gamma Human ProQuantum Immunoassay 
Kit No. A35576 (Thermo Fisher Scientific, Bonn, 
Germany; assay range 0.0128-5,000 pg/mL) was 
used. For IL-5, the media were diluted 1:2 with 
Assay Dilution Buffer (included in the kit), and 
the IL-5 Human ProQuantum Immunoassay Kit 
No. A35588 (Thermo Fisher Scientific, Bonn, 
Germany; assay range 0.0128-5,000 pg/mL) was 
used. For IL-17A, the media were diluted 1:2 with 
Assay Dilution Buffer (included in the kit), and 
the Human IL-17A ProQuantum Immunoassay 
Kit No. A35611 (Thermo Fisher Scientific, Bonn, 
Germany; assay range 0.32-25,000 pg/mL) was 
used. For MIP-1β, the media were diluted 1:2 with 
Assay Dilution Buffer (included in the kit), and 

the MIP-1 beta Human ProQuantum Immuno-
assay Kit No. A35597 (Thermo Fisher Scientific, 
Bonn, Germany; assay range 0.064-5,000 pg/mL) 
was used. For resistin, the media were diluted 1:2 
with Reagent Diluent (R&D Systems, Minneapo-
lis, MN, USA), and the Human Resistin DuoSet 
ELISA No. DY1359 (R&D Systems, Minneap-
olis, USA; assay range 31.2-2,000 pg/mL) was 
used. For P-selectin, the media were diluted 1:2 
with Reagent Diluent (R&D Systems, Minneapo-
lis, MN, USA), and the Human P-Selectin/CD62P 
DuoSet ELISA No. DY137 (R&D Systems, Min-
neapolis, MN, USA; assay range 125.0-8,000 pg/
mL) was used. For the evaluation of the results of 
IFN-γ, IL-5, IL-17A, and MIP-1β, the ProQuan-

Figure 1. Flow chart of the CRSsNP patients and the analysis scheme used for this study. CRSsNP, chronic rhinosinusitis 
without nasal polyps; FESS, functional endoscopic sinus surgery; IFN-γ, interferon-gamma; IL, interleukin, MIP-1β, macro-
phage inflammatory protein-1 beta; P-selectin, platelet-selectin; DMSO, dimethyl sulfoxide; ELISA, enzyme-linked immu-
nosorbent assay; µM, micromolar.
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tum tool (Thermo Fisher Scientific, Bonn, Ger-
many) was used. All results were calculated by 
generating standard curves. All values were sub-
sequently normalized to a tissue weight of 10 mg. 
In order to obtain the fold changes for DUP and 
VRP, the values of the corresponding media were 
divided by the values of the pure media in which 
the control tissue pieces had previously been in-
cubated. In order to obtain the fold changes for 
MOM and CVC, the values of the corresponding 
media were divided by the values of the pure me-
dia containing DMSO in which the control tissue 
pieces had previously been incubated. 

Determination of the CRS Endotypes 
Endotypes were defined by using the cell cul-

ture media values of IFN-γ, IL-5, and IL-17A of 
all unstimulated CRSsNP ETs (n=12) that had 
been previously incubated in pure cell culture me-
dia. Minimum values were defined, above which 
the samples were assigned to the distinct endoty-
pes. The samples whose IFN-γ media content was 
>0.35 (pg/mL)/10 mg tissue were assigned to type 
1 CRS, the samples whose IL-5 media content 
was >0.08 (pg/mL)/10 mg tissue were assigned to 
type 2 CRS, and the samples whose IL-17A me-
dia content was >8.0 (pg/mL)/10 mg tissue were 
assigned to type 3 CRS.

Statistical Analysis
All results were calculated using GraphPad 

Prism 9.2.0; (GraphPad Software, La Jolla, CA, 
USA). A false discovery rate cut-off of p<0.05 
was used to detect significant differences. For 
groups displaying statistically significant differ-

ences, the fold changes between the groups were 
calculated by dividing the mean values. For the 
results of demographic data, age was compared 
by using the Mann-Whitney U test, while for sex, 
ethnicities, and comorbidity the Chi-square test 
was used. For the results of ELISA in cell culture 
media, the Mann-Whitney U test was used. 

Results

Determination of the CRS Endotypes
For CRS endotype determination, the cell cul-

ture media values of the cytokines IFN-γ, IL-5, 
and IL-17A were determined using the unstimula-
ted CRSsNP ETs (n=12) that had been previously 
incubated in pure cell culture media. 

The heat map in Figure 2a shows the values 
of IFN-γ, IL-5, and IL-17A in media of the un-
stimulated CRSsNP ET pieces normalized to 10 
mg tissue. 

The pie chart in Figure 2b shows the distribu-
tion of the endotypes. The results revealed that 
the patients can be assigned to different single 
(type 1 CRS n=3, type 2 CRS n=1, type 3 CRS 
n=0) and mixed (type 1/3 CRS n=1, type 2/3 
CRS n=2 and type 1/2/3 CRS n=2) endotypes. 
For n=3 patients, none of the analyzed cytokines 
were elevated. 

Demographics 
Table II shows demographic data. There were 

no significant differences in age, sex, ethnicity, or 
comorbidity between the distinct CRS endotypes 
and the remaining samples.

Figure 2. Heat map (a) of IFN-γ, IL-5, and IL-17A values in media of unstimulated pieces of CRSsNP ETs normalized to 10 
mg tissue. Pie chart (b) of identified CRSsNP endotypes. CRSsNP, chronic rhinosinusitis without nasal polyps; ET, ethmoid; 
IFN-γ, interferon-gamma; IL, interleukin; pg, picogram; mg, milligram; mL, milliliter.
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Quantification of IFN-γ, IL-5, and IL-17A 
Protein in Cell Culture Media Using ELISA 
and Comparison of Drug Effects 
on Distinct Endotypes

ELISA tests were performed to evaluate the 
protein content of the endotype-defining cyto-
kines IFN-γ, IL-5, and IL-17A1,16 in media samples 
of the CRSsNP ETs (n=12) after stimulation by 
the drugs MOM, VRP, CVC, and DUP.

Figure 3 shows the results of the secreted cyto-
kines in the cell culture media of all samples that 
were assigned to a distinct endotype (pure and mixed 
endotypes) compared to the remaining samples after 
the tissues had been incubated for 24 hours. 

Mometasone
Compared to the other samples, IL-5 was sig-

nificantly downregulated in type 1 CRS (FC be-

Figure 3. Scatter dot plots, including mean and SD error bars, show the results of the quantitative analysis of IFN-γ, IL5, and 
IL-17A by ELISA in the cell culture media. Due to the logarithmical plotting of the y-axes, some error bars are not displayed 
in this representation. In each panel, the type 1 CRS samples (red), the type 2 CRS samples (blue), and the type 3 CRS samples 
(green) are plotted against the remaining samples (black). For mometasone, statistically significant differences can be seen for 
both the effects on IL-5 in type 1 CRS (p<0.05) and on IL-17 in type 3 CRS (p<0.01). For verapamil a statistically significant 
difference can be seen for the effect on IFN-γ in type 1 CRS (p<0.05). For cenicriviroc a statistically significant difference 
can be seen for the effect on IL-5 in type 1 CRS (p<0.01). For dupilumab a statistically significant difference can be seen for 
the effect on IL-5 in type 1 CRS (p<0.01). *<0.05, **<0.01. FC, fold change; IFN-γ, interferon-gamma; IL, interleukin; ns, 
not significant.
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tween the means=0.12, p=0.0476), and IL-17A 
was significantly downregulated in type 3 CRS 
(FC between the means=0.09, p=0.0051). 

Verapamil
Compared to the other samples, IFN-γ was 

significantly downregulated in type 1 CRS (FC 
between the means=0.10, p=0.0108).

Cenicriviroc
Compared to the other samples, IL-5 (FC be-

tween the means=0.02, p=0.0087) was signifi-
cantly downregulated in type 1 CRS. 

Dupilumab
While IL-5 was slightly downregulated in type 1 

CRS, the non-type 1 CRS samples revealed an up-
regulation (FC between the means=0.09, p=0.0411). 

In general, tissue secretions of IFN-γ and IL-5 
were reduced noticeably in type 1 CRS by all tested 
substances, while type 2 and type 3 CRS showed 
no or opposite effects. Secretions of IL-17A were 
generally more strongly reduced in all endotypes 
compared to the remaining samples, which might 
be due to the non-endotype samples. (Figure 3).

Quantifications of MIP-1β, resistin and 
P-selectin Protein in Cell Culture Media 
Using ELISA and Comparison of Drug 
Effects on Distinct Endotypes

ELISA tests were performed to evaluate MIP-
1β, resistin, and P-selectin protein content in media 
samples of the CRSsNP ETs (n=12) after stimu-
lation by the drugs MOM, VRP, CVC, and DUP. 
MIP-1β, resistin and P-selectin had been previously 
identified as novel CRSsNP marker proteins since 

Characteristics in (%)                    CRSsNP patients in total (n=12)

CRS Type 1 (n=6)
CRS Type 2 (n=5)
CRS Type 3 (n=5)

others (n=6)
others (n=7)
others (n=7)

Age (years), mean ± SD 41.8±17.9
45.2±15.2
45.2±15.2

30.7±11.9
29.9±13.4
29.9±13.4

ns (p=0.1429)
ns (p=0.1780)
ns (p=0.1780)

Sex

   Male 3/6 (50.0)
1/5 (20.0)
2/5 (40.0)

1/6 (16.7)
3/7 (42.9)
2/7 (28.6)

ns (p=0.2207)
ns (p=0.4076)
ns (p=0.4805)

   Female 3/6 (50.0)
4/5 (80.0)
3/5 (60.0)

5/6 (83.3)
4/7 (57.1)
5/7 (71.4)

ns (p=0.2207)
ns (p=0.4076)
ns (p=0.4805)

Ethinicity

   Caucasian 6/6 (100)
5/5 (100)
5/5 (100)

6/6 (100)
7/7 (100)
7/7 (100)

n.a.
n.a.
n.a.

Comorbidity

   Asthma 0/6 (0)
0/5 (0)
0/5 (0)

0/6 (0)
0/7 (0)
0/7 (0)

n.a.
n.a.
n.a.

   Environmental allergy 2/6 (33.3)
2/5 (40.0)
2/5 (40.0)

1/6 (16.7)
1/7 (14.3)
1/7 (14.3)

ns (p=0.5050)
ns (p=0.3105)
ns (p=0.3105)

   AERD 0/6 (0)
0/5 (0)
0/5 (0)

0/6 (0)
0/7 (0)
0/7 (0)

n.a.
n.a.
n.a.

Table II. Demographics of all CRSsNP patients that were used for this study. For each category, 
the type 1 CRS samples (red), the type 2 CRS samples (blue), and the type 3 CRS (green) samples 
are compared against the remaining samples. 

CRSsNP, chronic rhinosinusitis without nasal polyps; AERD, aspirin-exacerbated respiratory 
disease; SD, standard deviation; ns, not significant; n.a., not applicable.
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their expression in CRSsNP mucus differed from 
the controls17. Figure 4 shows the results of the se-
creted proteins MIP-1β, resistin, and P-selectin in 
cell culture media of all samples that were assigned 
to a distinct endotype (pure and mixed endotypes) 
compared to the remaining samples after the tis-
sues had been incubated for 24 hours. 

Mometasone
Compared to the type 2 CRS samples, MIP-1β was 

significantly reduced in non-type 2 CRS samples (FC 
between the means=15.1, p=0.0328). Resistin was 
slightly downregulated in type 2 CRS but, in com-
parison, was significantly upregulated in non-type 2 
CRS (FC between the means=0.64, p=0.0442).

Verapamil
Compared to the other samples, resistin (FC 

between the means=0.49, p=0.0480) and P-selec-
tin (FC between the means=0.29, p=0.0480) were 
significantly downregulated in type 3 CRS.

Cenicriviroc
Compared to a slight upregulation in the non-type 

1 CRS samples, resistin (FC between the means=0.63, 
p=0.0303) was significantly downregulated in type 1 
CRS. P-selectin was significantly upregulated in type 
3 CRS compared to the remaining samples (FC be-
tween the means=2.82, p=0.0455).

Dupilumab
DUP revealed no significantly different effects 

either on MIP-1β, resistin, or P-selectin in cell 
culture media. 

In general, MIP-1β secretion was reduced by 
MOM in the samples that did not belong to type 
2 CRS. CVC caused a similar trend, although it 
was not significant. VRP and DUP hardly affected 
MIP-1β secretion in any endotypes. Interestingly, 
MOM, VRP, and CVC reduced resistin secretion in 
different endotypes, while DUP revealed no con-
siderable effects. P-selectin secretion was hardly 
affected by MOM and DUP. VRP reduced P-se-
lectin secretion in type 3 CRS while hardly affec-
ting type 1 and type 2 CRS. CVC upregulated the 
secretion of P-selectin in type 3 CRS (Figure 4).

Discussion

CRS patients experience prolonged inflam-
mation of the nasal mucosa lasting more than 
12 weeks, significantly impacting their quality 
of life3. Current treatment options are associated 

with substantial annual costs1 and are primarily 
symptom-based2, leading to varying clinical out-
comes and frequently proving ineffective4-6.

Past research22-24 on different medical condi-
tions already suggested the importance of preci-
sion medicine for achieving therapeutic success 
by recording the impact of drugs on certain dis-
ease marker proteins. However, a direct compar-
ison of the endotypes is needed to highlight their 
distinct responses to medications.

Therefore, the aim of our study was to exam-
ine the effects of certain anti-inflammatory drugs 
on the CRS endotype-defining cytokines IFN-γ, 
IL-5, and IL-17A1,16 and on the recently identified 
CRSsNP marker proteins MIP-1β, resistin, and 
P-selectin17 dependent on the CRS endotype. 

Several hypotheses exist regarding the onset of 
CRS. Generally, foreign irritants stimulate nasal 
epithelial cells to produce proinflammatory fac-
tors. In CRSwNP, this response is predominant-
ly driven by Th2 cytokines like IL-4, IL-5, and 
IL-13. Conversely, CRSsNP is more closely as-
sociated with Th1 cytokines such as IL-6, IL-10, 
and IFN-γ, as well as Th3 cytokines like IL-17A 
and IL-221,16. However, recent findings indicate 
that not all defining markers of a specific Th re-
sponse are altered in distinct CRS endotypes31,32 

and that the phenotypes are not necessarily as-
sociated with distinct endotypes33. This sugges-
tion was confirmed by our analysis of the typical 
endotype-associated cytokines IFN-γ, IL-5, and 
IL-17A1,16 in CRSsNP ET secretions, where we 
identified single endotypes as well as mixed en-
dotypes or no endotypes at all. 

MIP-1β was originally identified as being ex-
pressed by monocytes20. Since then, many other 
cell types have been identified as a source of MIP-
1β during the state of inflammation18,34. MIP-1β 
was shown to be overexpressed in the mucus and 
tissue of CRS patients17,34-36. Resistin is a small 
hormone-like protein mainly produced by mac-
rophages, adipocytes, and epithelial cells whose 
proinflammatory effects contribute to the patho-
physiology of many diseases19. Similar to another 
study37, we previously identified resistin content 
to be higher in CRSsNP mucus compared to the 
control17. As an adhesion molecule, P-selectin 
plays an important role in immunity and supports 
the pathogenesis of many medical conditions like 
thrombosis and cancer. Mainly expressed by plate-
lets and endothelial cells, it stimulates platelet ag-
gregation and supports leukocyte diapedesis21. Our 
past study17 revealed a lower P-selectin content in 
CRSsNP nasal mucus compared to the controls.
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The glucocorticoid (GC) MOM binds to the 
cytosolic GC receptor, which consequently enters 
the nucleolus. It regulates gene transcription, re-
sulting in the resolution of inflammation12,38.

Among the endotype-defining cytokines, 
MOM significantly reduced the secretions of IL-5 
in type 1 CRS and of IL-17A in type 3 CRS. In 

type 2 CRS, on the other hand, there were no sig-
nificant results. Past studies have shown39 that the 
elevated membrane efflux pump P-glycoprotein 
(P-gp) in type 2 CRS contributes to GC resis-
tance. This may explain our results. MIP-1β re-
mained relatively unchanged in type 2 CRS but 
was significantly reduced in the remaining sam-

Figure 4. Scatter dot plots, including mean and SD error bars, show the results of the quantitative analysis of MIP-1β, resistin, 
and P-selectin by ELISA in the cell culture media. Due to the logarithmical plotting of the y-axes, some error bars are not 
displayed in this representation. In each panel, the type 1 CRS samples (red), the type 2 CRS samples (blue), and the type 3 
CRS samples (green) are plotted against the remaining samples (black).  For mometasone, statistically significant differences 
can be seen for both the effects on MIP-1β in type 2 CRS (p<0.05) and on resistin in type 2 CRS (p<0.05). For verapamil, 
statistically significant differences can be seen for both the effects on resistin in type 3 CRS (p<0.05) and on P-selectin in 
type 3 CRS (p<0.05). For cenicriviroc, statistically significant differences can be seen for both the effects on resistin in type 1 
CRS (p<0.05) and on P-selectin in type 3 CRS (p<0.05). *<0.05, **<0.01. FC, fold change; MIP-1β, macrophage inflammatory 
protein-1 beta; P-selectin, platelet-selectin; ns, not significant.
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ples. Furthermore, MOM slightly but significantly 
upregulated resistin secretion in the samples that 
did not belong to type 2 CRS. This could have 
been triggered by so far unknown non-genomic 
effects38, which could also influence proteins oth-
er than cytokines.

VRP is a blocker of long-lasting (L)-type cal-
cium (Ca2+)-channels mainly used for treating 
cardiovascular diseases40. Besides that, the capa-
bility of VRP to reduce cytokine production was 
already reported by previous studies9,41 and was 
shown to result from a disruption of the intra-
cellular Ca2+ signaling network and by affecting 
P-gp activity and, consequently, the polarization 
of T lymphocytes.

VRP significantly reduced IFN-γ secretion 
in type 1 CRS and the secretions of resistin and 
P-selectin in type 3 CRS. Past studies41-44 have al-
ready shown that VRP was capable of influenc-
ing these proteins. Veytia-Bucheli et al41 showed 
that in the media of purified Thymus (T) cells, the 
presence of VRP induced a significant decrease 
in IFN-γ41. By administering a combination ther-
apy of trandolapril plus VRP, Rubio-Guerra et 
al42 were able to reduce circulating resistin levels 
in hypertensive patients with type 2 diabetes42. 
Pappone et al43 showed that the proliferation of 
cultured brown fat cells was impaired by VRP43, 
which is known to be a source of resistin19. Bla-
heta et al44 demonstrated the downregulation of 
P-selectin expression on endothelial cells by VRP 
in a cell culture model44. However, further inves-
tigation will be needed to examine why the endo-
types differ in their reaction to VRP.

CVC is a novel antagonist of the C-C chemok-
ine receptors (CCR) type 2 and 5. These receptors 
and their ligands, one of which is MIP-1β, are in-
volved in steatosis and fibrosis, cell entry of the 
human immunodeficiency virus (HIV), and leu-
kocyte accumulation. CVC is therefore used for 
treating nonalcoholic steatohepatitis, HIV, and 
coronavirus disease 2019 (COVID-19)11,45,46. The 
IL-5 secretion of our CRSsNP ETs was signifi-
cantly downregulated by CVC in type 1 CRS. 
Furthermore, resistin secretion was slightly re-
duced in type 1 CRS and slightly increased in 
the remaining samples, leading to a significant 
difference. CVC significantly increased P-selec-
tin secretion in type 3 CRS, although there was 
a high standard deviation. Since CVC is still an 
experimental drug candidate47, there is so far only 
little knowledge about its effects in inflammatory 
diseases. Mencarelli et al48 proved that by block-
ing CCR5, CVC was able to reduce IL-5 expres-

sion in dextran sulfate sodium-induced murine 
colitis and thus had a positive effect on the mu-
cosal inflammation48. Another study49 revealed 
that CVC was able to reduce E-selectin in human 
aortic endothelial cells. Thus, CVC can have an 
influence on selectins. Since P-selectin was pre-
viously found to be underexpressed in CRSsNP 
mucus17, the result of its upregulation by a drug is 
a valuable finding.

DUP is a monoclonal antibody that binds to 
IL-4 receptor (R)-α, a subunit of IL-4R, blocking 
the signaling of both IL-4 and IL-1350. Known for 
limiting the Th2 response and mitigating type 2 
inflammation51, it is used for treating nasal polyps 
and atopic dermatitis50. Our analyses of the DUP 
effect did not yield any significant results, except 
for an upregulation of the IL-5 secretion in the 
samples other than type 1 CRS. We speculate that 
this could have been caused by a compensatory 
mechanism52. In general, our result showed that 
DUP administration in CRSsNP patients may be 
unprofitable compared to the other tested drugs.

In general, although acting via different mech-
anisms, all four tested substances induced a clear 
reduction of IFN-γ and IL-5 in type 1 CRS, indi-
cating that this endotype may be the most sensi-
tive to the selected medical therapy.

In conclusion, in our study, we tested several 
anti-inflammatory drugs for their effects on var-
ious CRS endotype-defining cytokines16 and on 
potential future CRSsNP biomarkers17 using an 
ex vivo model.

In order to show the different impacts on the 
CRS endotypes, we compared them with each 
other. To the best of our knowledge, this is the 
first study to carry out a direct comparison of 
CRS endotypes in terms of their reaction to dif-
ferent medications. In addition, CVC has never 
been studied in the context of CRS47 and there is 
currently only little information about the benefits 
of DUP application in CRSsNP patients1.

However, our study had some limitations. First, 
the number of samples included in this study was 
relatively small. We applied our inclusion and ex-
clusion criteria very strictly to ensure a homoge-
nous cohort. That, in combination with CRSsNP 
patients undergoing FESS less likely in our tertia-
ry care hospital compared to CRSwNP, reduced 
the number of freshly available tissues. Conse-
quently, there were only a few samples assigned 
to the pure endotypes. In order to apply statistical 
tests, samples that were assigned to this, but also 
to other endotypes, i.e., were of the mixed endo-
types, and were combined into one group. Com-
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paring only samples of pure endotypes should be 
considered for future analysis in order to obtain 
clearer results since our comparison of the par-
tially mixed endotypes suggests distinct reactions 
of the different CRS endotypes to medical treat-
ment. Secondly, for this study, an ex vivo mod-
el was used in comparison to an in vivo model. 
While in vivo models are best to assess the indi-
vidual patients’ reaction53, we wanted to acquire 
in vitro data first as some of our incubated drugs 
have not yet been considered for CRS treatment 
before or have never been applied intranasally1,11. 
However, the chosen whole tissue explant model 
resembles the conditions of living organisms as 
closely as possible53. Thirdly, only the secretion 
of the proteins was determined, which does not 
necessarily correspond to the tissue protein ex-
pression and the mRNA amount54. Future in-vivo 
tests using larger cohorts will be needed to veri-
fy our results. Some of the analyzed drugs may 
reveal additional effects with longer incubation 
time or by in vivo application via drug-eluting 
stents55. These effects have to be quantified in 
future studies. Nevertheless, our results indicate 
the importance of determining the CRS endotype 
and searching for marker proteins as potential tar-
gets before choosing a suitable medication for the 
patients.

Conclusions

This study, by showing considerable differences 
in the response of different CRS endotypes to selec-
ted anti-inflammatory drugs, highlights the import-
ance of precision medicine in chronic rhinosinusitis. 
This study might contribute to the development of 
effective and innovative therapeutic strategies.

Conflict of Interest 
The authors declare that they have no conflict of interest to 
disclose.

Informed Consent   
All patients provided written informed consent for inclusion 
and for the usage of their tissues in research before they par-
ticipated in the study.

Ethics Approval
This study was conducted in accordance with the Declaration 
of Helsinki of 1975 (as revised in 2013), and the protocol was 

reviewed and approved by the Institutional Review Board of 
the University of Erlangen-Nürnberg (No.: 17-269_1-B) on 
11.02.2020. 

Funding
This study was funded by the Else-Kröner-Fresenius 
Stiftung (2019_A119).

Acknowledgments
The authors would like to thank Renate Schäfer and Elisa-
beth Sterna for their methodological support. This work was 
performed in partial fulfillment of the requirements for ob-
taining the degree “Dr. rer. biol. hum.” by V.V. Pesold at the 
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU).

Data Availability 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

AI Disclosure 
No artificial intelligence was used for the production of this 
manuscript, including all tables and figures.

ORCID ID
V.V. Pesold: 0000-0003-4502-1203
O. Wendler: 0000-0002-5443-4889
S.K. Mueller: 0000-0001-5790-0841

Authors’ Contributions
V.V. Pesold: acquisition of data, analysis, and interpretation 
of data, drafting the article. O. Wendler: supervision, making 
critical revisions related to the relevant intellectual content of 
the manuscript. S.K. Mueller: conception and design of the 
study, acquisition of data, making critical revisions related to 
the relevant intellectual content of the manuscript, validation, 
and final approval of the version of the article to be published.

References

  1)	 Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, 
Kern R, Reitsma S, Toppila-Salmi S, Bernal-Spre-
kelsen M, Mullol J, Alobid I, Terezinha Anselmo-Li-
ma W, Bachert C, Baroody F, von Buchwald C, 
Cervin A, Cohen N, Constantinidis J, De Gabory 
L, Desrosiers M, Diamant Z, Douglas RG, Gevaert 
PH, Hafner A, Harvey RJ, Joos GF, Kalogjera L, 
Knill A, Kocks JH, Landis BN, Limpens J, Lebeer 
S, Lourenco O, Meco C, Matricardi PM, O'Maho-
ny L, Philpott CM, Ryan D, Schlosser R, Senior B, 
Smith TL, Teeling T, Tomazic PV, Wang DY, Wang 
D, Zhang L, Agius AM, Ahlstrom-Emanuelsson C, 



Effects of anti-inflammatory drugs on CRSsNP endotypes

4487

Alabri R, Albu S, Alhabash S, Aleksic A, Aloulah 
M, Al-Qudah M, Alsaleh S, Baban MA, Baudoin 
T, Balvers T, Battaglia P, Bedoya JD, Beule A, 
Bofares KM, Braverman I, Brozek-Madry E, Rich-
ard B, Callejas C, Carrie S, Caulley L, Chussi D, 
de Corso E, Coste A, El Hadi U, Elfarouk A, Eloy 
PH, Farrokhi S, Felisati G, Ferrari MD, Fishchuk 
R, Grayson W, Goncalves PM, Grdinic B, Grgic 
V, Hamizan AW, Heinichen JV, Husain S, Ping TI, 
Ivaska J, Jakimovska F, Jovancevic L, Kakande 
E, Kamel R, Karpischenko S, Kariyawasam HH, 
Kawauchi H, Kjeldsen A, Klimek L, Krzeski A, 
Kopacheva Barsova G, Kim SW, Lal D, Letort JJ, 
Lopatin A, Mahdjoubi A, Mesbahi A, Netkovski 
J, Nyenbue Tshipukane D, Obando-Valverde A, 
Okano M, Onerci M, Ong YK, Orlandi R, Otori 
N, Ouennoughy K, Ozkan M, Peric A, Plzak J, 
Prokopakis E, Prepageran N, Psaltis A, Pugin 
B, Raftopulos M, Rombaux P, Riechelmann H, 
Sahtout S, Sarafoleanu CC, Searyoh K, Rhee 
CS, Shi J, Shkoukani M, Shukuryan AK, Sicak M, 
Smyth D, Sindvongs K, Soklic Kosak T, Stjarne 
P, Sutikno B, Steinsvag S, Tantilipikorn P, Tha-
naviratananich S, Tran T, Urbancic J, Valiulius A, 
Vasquez de Aparicio C, Vicheva D, Virkkula PM, 
Vicente G, Voegels R, Wagenmann MM, Wardani 
RS, Welge-Lussen A, Witterick I, Wright E, Zabo-
lotniy D, Zsolt B, Zwetsloot CP. European Position 
Paper on Rhinosinusitis and Nasal Polyps 2020. 
Rhinology 2020; 58: 1-464.

  2)	 Orlandi RR, Kingdom TT, Smith TL, Bleier B, De-
Conde A, Luong AU, Poetker DM, Soler Z, Welch 
KC, Wise SK, Adappa N, Alt JA, Anselmo-Lima 
WT, Bachert C, Baroody FM, Batra PS, Ber-
nal-Sprekelsen M, Beswick D, Bhattacharyya N, 
Chandra RK, Chang EH, Chiu A, Chowdhury N, 
Citardi MJ, Cohen NA, Conley DB, DelGaudio J, 
Desrosiers M, Douglas R, Eloy JA, Fokkens WJ, 
Gray ST, Gudis DA, Hamilos DL, Han JK, Harvey 
R, Hellings P, Holbrook EH, Hopkins C, Hwang 
P, Javer AR, Jiang RS, Kennedy D, Kern R, Laid-
law T, Lal D, Lane A, Lee HM, Lee JT, Levy JM, 
Lin SY, Lund V, McMains KC, Metson R, Mullol J, 
Naclerio R, Oakley G, Otori N, Palmer JN, Parikh 
SR, Passali D, Patel Z, Peters A, Philpott C, Psal-
tis AJ, Ramakrishnan VR, Ramanathan M Jr, Roh 
HJ, Rudmik L, Sacks R, Schlosser RJ, Sedaghat 
AR, Senior BA, Sindwani R, Smith K, Snidvongs 
K, Stewart M, Suh JD, Tan BK, Turner JH, van 
Drunen CM, Voegels R, Wang Y, Woodworth BA, 
Wormald PJ, Wright ED, Yan C, Zhang L, Zhou B. 
International consensus statement on allergy and 
rhinology: rhinosinusitis 2021. Int Forum Allergy 
Rhinol 2021; 11: 213-739.

  3)	 Soler ZM, Wittenberg E, Schlosser RJ, Mace JC, 
Smith TL. Health state utility values in patients 
undergoing endoscopic sinus surgery. Laryngo-
scope 2011; 121: 2672-2678.

  4)	 Liu YF, Richardson CM, Bernard SH, Church CA, 
Seiberling KA. Antibiotics, steroids, and combination 
therapy in chronic rhinosinusitis without nasal polyps 
in adults. Ear Nose Throat J 2018; 97: 167-172.

  5)	 Miglani A, Divekar RD, Azar A, Rank MA, Lal 
D. Revision endoscopic sinus surgery rates by 

chronic rhinosinusitis subtype. Int Forum Allergy 
Rhinol 2018; 8: 1047-1051.

  6)	 Smith TL, Schlosser RJ, Mace JC, Alt JA, Bes-
wick DM, DeConde AS, Detwiller KY, Mattos JL, 
Soler ZM. Long-term outcomes of endoscopic si-
nus surgery in the management of adult chronic 
rhinosinusitis. Int Forum Allergy Rhinol 2019; 9: 
831-841.

  7)	 Fadda GL, Galizia A, Maugeri L, Canevari RF, 
Crosetti E, Cavallo G. Efficacy of omalizumab in 
an atopic young adult with asthma and eosino-
philic chronic rhinosinusitis with nasal polyps. Eur 
Rev Med Pharmacol Sci 2022; 26: 3320-3324. 

  8)	 Mocellin D, Ioppi A, Gaglio G, Pennacchi A, Ber-
tolini M, Tirrito A, Guastini L, Bagnasco D, Pas-
salacqua G, Peretti G, Canevari FRM. Severe 
chronic rhinosinusitis treated with dupilumab, a 
real-life analysis of early effectiveness. Eur Rev 
Med Pharmacol Sci 2023; 27: 7324-7336. 

  9)	 Bleier BS, Kocharyan A, Singleton A, Han X. Ve-
rapamil modulates interleukin-5 and interleukin-6 
secretion in organotypic human sinonasal polyp 
explants. Int Forum Allergy Rhinol 2015; 5: 10-13.

10)	 Gevaert P, Lee SE, Settipane RA, Wagenmann 
M, Msihid J, Siddiqui S, Nash S, Jacob-Nara JA, 
Khan AH, Kamat S, Chuang CC. Dupilumab pro-
vides early and durable improvement of symp-
toms in patients with chronic rhinosinusitis with 
nasal polyps. Clin Transl Immunology 2023; 12: 
e1433.

11)	 Kurth F, Helbig ET, Lippert LJ, Thibeault C, Bar-
bone G, Eckart MA, Kluge M, Puengel T, Demir 
M, Röhle R, Keller T, Ruwwe-Glösenkamp C, 
Witzenrath M, Suttorp N, von Kalle C, Sander LE, 
Jochum C, Tacke F. Cenicriviroc for the treatment 
of COVID-19: first interim results of a randomised, 
placebo-controlled, investigator-initiated, dou-
ble-blind phase II trial. J Glob Antimicrob Resist 
2023; 32: 44-47.

12)	 Spada F, Barnes TM, Greive KA. Comparative 
safety and efficacy of topical mometasone furo-
ate with other topical corticosteroids. Australas J 
Dermatol 2018; 59: e168-e174.

13)	 Jiramongkolchai P, Peterson A, Kallogjeri D, Lee 
JJ, Kukuljan S, Liebendorfer A, Schneider JS, 
Klatt-Cromwell CN, Drescher AJ, Piccirillo JF. 
Randomized clinical trial to evaluate mometasone 
lavage vs spray for patients with chronic rhinosi-
nusitis without nasal polyps who have not un-
dergone sinus surgery. Int Forum Allergy Rhinol 
2020; 10: 936-943.

14)	 Boscke R, Heidemann M, Bruchhage KL. Dupi-
lumab for chronic rhinosinusitis with nasal polyps: 
real-life retrospective 12-month effectiveness 
data. Rhinology 2023; 61: 203-213.

15)	 Miyake MM, Nocera A, Miyake MM. P-glycopro-
tein and chronic rhinosinusitis. World J Otorhino-
laryngol Head Neck Surg 2018; 4: 169-174.

16)	 He Y, Fu Y, Wu Y, Zhu T, Li H. Pathogenesis and 
treatment of chronic rhinosinusitis from the per-
spective of sinonasal epithelial dysfunction. Front 
Med (Lausanne) 2023; 10: 1139240.



V.V. Pesold, O. Wendler, S.K. Mueller

4488

17)	 Pesold VV, Wendler O, Morgenthaler L, Gröhn F, 
Mueller SK. Analysis of CRSsNP Proteome Using 
a Highly Multiplexed Approach in Nasal Mucus. 
Am J Rhinol Allergy 2023; 37: 348-359.

18)	 Maurer M, von Stebut E. Macrophage inflamma-
tory protein-1. Int J Biochem Cell Biol 2004; 36: 
1882-1886.

19)	 Tripathi D, Kant S, Pandey S, Ehtesham NZ. Re-
sistin in metabolism, inflammation, and disease. 
Febs J 2020; 287: 3141-3149.

20)	 Ziegler SF, Tough TW, Franklin TL, Armitage RJ, 
Alderson MR. Induction of macrophage inflam-
matory protein-1 beta gene expression in human 
monocytes by lipopolysaccharide and IL-7. J Im-
munol 1991; 147: 2234-2239.

21)	 Ganesh D, Jain P, Shanthamurthy CD, Toraskar 
S, Kikkeri R. Targeting Selectins Mediated Bio-
logical Activities With Multivalent Probes. Front 
Chem 2021; 9: 773027.

22)	 Agache I, Akdis CA. Precision medicine and phe-
notypes, endotypes, genotypes, regiotypes, and 
theratypes of allergic diseases. J Clin Invest 2019; 
129: 1493-1503.

23)	 Lou H, Wang C, Zhang L. Endotype-driven pre-
cision medicine in chronic rhinosinusitis. Expert 
Rev Clin Immunol 2019; 15: 1171-1183.

24)	 Ramaswami R, Bayer R, Galea S. Precision Med-
icine from a Public Health Perspective. Annu Rev 
Public Health 2018; 39: 153-168.

25)	 Cao QZ, Niu G, Tan HR. In vitro growth inhibition 
of human colonic tumor cells by Verapamil. World 
J Gastroenterol 2005; 11: 2255-2259.

26)	 Okamoto M, Toyama M, Baba M. The chemokine 
receptor antagonist cenicriviroc inhibits the repli-
cation of SARS-CoV-2 in vitro. Antiviral Res 2020; 
182: 104902.

27)	 Wang X, Shi J, Gong D. Mometasone furoate in-
hibits growth of acute leukemia cells in childhood 
by regulating PI3K signaling pathway. Hematolo-
gy 2018; 23: 478-485.

28)	 Yu X, Yu C, Wang K, Liu C, Wang L, Wang J. A 
robust reporter assay for the determination of the 
bioactivity of IL-4R-targeted therapeutic antibod-
ies. J Pharm Biomed Anal 2021; 199: 114033.

29)	 Verheijen M, Lienhard M, Schrooders Y, Clay-
ton O, Nudischer R, Boerno S, Timmermann B, 
Selevsek N, Schlapbach R, Gmuender H, Gotta 
S, Geraedts J, Herwig R, Kleinjans J, Caiment F. 
DMSO induces drastic changes in human cellular 
processes and epigenetic landscape in vitro. Sci 
Rep 2019; 9: 4641.

30)	 Lam K, Schleimer R, Kern RC. The Etiology and 
Pathogenesis of Chronic Rhinosinusitis: a Review 
of Current Hypotheses. Curr Allergy Asthma Rep 
2015; 15: 41.

31)	 Hao D, Wu Y, Li P, Li C, Jiang T, Zhang Q, Liu 
S, Shi L. An Integrated Analysis of Inflammatory 
Endotypes and Clinical Characteristics in Chronic 
Rhinosinusitis with Nasal Polyps. J Inflamm Res 
2022; 15: 5557-5565.

32)	 Tomassen P, Vandeplas G, Van Zele T, Cardell 
LO, Arebro J, Olze H, Förster-Ruhrmann U, Kow-
alski ML, Olszewska-Ziąber A, Holtappels G, 
De Ruyck N, Wang X, Van Drunen C, Mullol J, 
Hellings P, Hox V, Toskala E, Scadding G, Lund 
V, Zhang L, Fokkens W, Bachert C. Inflammato-
ry endotypes of chronic rhinosinusitis based on 
cluster analysis of biomarkers. J Allergy Clin Im-
munol 2016; 137: 1449-1456.e4.

33)	 Förster-Ruhrmann U, Szczepek AJ, Pierchalla G, 
Fluhr JW, Artuc M, Zuberbier T, Bachert C, Olze 
H. Chemokine Expression-Based Endotype Clus-
tering of Chronic Rhinosinusitis. J Pers Med 2022; 
12: 646.

34)	 Kobayashi Y, Chu HH, Kanda A, Yun Y, Shimono 
M, Nguyen LM, Mitani A, Suzuki K, Asako M, Iwai 
H. CCL4 Functions as a Biomarker of Type 2 Air-
way Inflammation. Biomedicines 2022; 10: 1779.

35)	 Guo CL, Liao B, Liu JX, Pan L, Liu Z. Predicting 
difficult-to-treat chronic rhinosinusitis by noninva-
sive biological markers. Rhinology 2021; 59: 81-
90.

36)	 König K, Klemens C, Haack M, Nicoló MS, Beck-
er S, Kramer MF, Gröger M. Cytokine patterns in 
nasal secretion of non-atopic patients distinguish 
between chronic rhinosinusitis with or without na-
sal polys. Allergy Asthma Clin Immunol 2016; 12: 
19.

37)	 Yao Y, Yang C, Yi X, Xie S, Sun H. Comparative 
analysis of inflammatory signature profiles in eo-
sinophilic and noneosinophilic chronic rhinosi-
nusitis with nasal polyposis. Biosci Rep 2020; 40: 
BSR20193101.

38)	 Vandewalle J, Luypaert A, De Bosscher K, Libert 
C. Therapeutic Mechanisms of Glucocorticoids. 
Trends Endocrinol Metab 2018; 29: 42-54.

39)	 Taha MS, Nocera A, Workman A, Amiji MM, Blei-
er BS. P-glycoprotein inhibition with verapamil 
overcomes mometasone resistance in Chronic 
Sinusitis with Nasal Polyps. Rhinology 2021; 59: 
205-211.

40)	 Petersen AS, Barloese MCJ, Snoer A, Soerensen 
AMS, Jensen RH. Verapamil and Cluster Head-
ache: Still a Mystery. A Narrative Review of Effi-
cacy, Mechanisms and Perspectives. Headache 
2019; 59: 1198-1211.

41)	 Veytia-Bucheli JI, Alvarado-Velázquez DA, Pos-
sani LD, González-Amaro R, Rosenstein Y. The 
Ca(2+) Channel Blocker Verapamil Inhibits the In 
Vitro Activation and Function of T Lymphocytes: A 
2022 Reappraisal. Pharmaceutics 2022; 14: 1478.

42)	 Rubio-Guerra AF, Vargas-Robles H, Lozano Nue-
vo JJ, Elizalde-Barrera CI, Huerta-Ramirez S, 
Escalante-Acosta BA. Beneficial effect of com-
bination therapy using an angiotensin-converting 
enzyme inhibitor plus verapamil on circulating re-
sistin levels in hypertensive patients with type 2 
diabetes. Exp Clin Cardiol 2012; 17: 202-204.

43)	 Pappone PA, Ortiz-Miranda SI. Blockers of volt-
age-gated K channels inhibit proliferation of cul-
tured brown fat cells. Am J Physiol 1993; 264: 
C1014-C1019.



Effects of anti-inflammatory drugs on CRSsNP endotypes

4489

44)	 Blaheta RA, Hailer NP, Brude N, Wittig B, Leckel 
K, Oppermann E, Bachmann M, Harder S, Cinatl 
J, Scholz M, Bereiter-Hahn J, Weber S, Encke A, 
Markus BH. In vitro analysis of verapamil-induced 
immunosuppression: potent inhibition of T cell 
motility and lymphocytic transmigration through 
allogeneic endothelial cells. Transplantation 
2000; 69: 588-597.

45)	 Riviere-Cazaux C, Cornell J, Shen Y, Zhou M. 
The role of CCR5 in HIV-associated neurocogni-
tive disorders. Heliyon 2022; 8: e09950.

46)	 Wiering L, Tacke F. Treating inflammation to com-
bat non-alcoholic fatty liver disease. J Endocrinol 
2023; 256: e220194.

47)	 Anstee QM, Neuschwander-Tetri BA, Wai-Sun 
Wong V, Abdelmalek MF, Rodriguez-Araujo G, 
Landgren H, Park GS, Bedossa P, Alkhouri N, 
Tacke F, Sanyal AJ. Cenicriviroc Lacked Efficacy 
to Treat Liver Fibrosis in Nonalcoholic Steatohep-
atitis: AURORA Phase III Randomized Study. Clin 
Gastroenterol Hepatol 2024; 22: 124-134.

48)	 Mencarelli A, Cipriani S, Francisci D, Santucci L, 
Baldelli F, Distrutti E, Fiorucci S. Highly specific 
blockade of CCR5 inhibits leukocyte trafficking 
and reduces mucosal inflammation in murine coli-
tis. Sci Rep 2016; 6: 30802.

49)	 D'Antoni ML, Mitchell BI, McCurdy S, Byron MM, 
Ogata-Arakaki D, Chow D, Mehta NN, Bois-
vert WA, Lefebvre E, Shikuma CM, Ndhlovu LC, 
Baumer Y. Cenicriviroc inhibits trans-endothelial 
passage of monocytes and is associated with im-
paired E-selectin expression. J Leukoc Biol 2018; 
104: 1241-1252.

50)	 Harb H, Chatila TA. Mechanisms of Dupilumab. 
Clin Exp Allergy 2020; 50: 5-14.

51)	 Bhatt SP, Rabe KF, Hanania NA, Vogelmeier 
CF, Cole J, Bafadhel M, Christenson SA, Papi A, 
Singh D, Laws E, Mannent LP, Patel N, Stauding-
er HW, Yancopoulos GD, Mortensen ER, Akinlade 
B, Maloney J, Lu X, Bauer D, Bansal A, Robinson 
LB, Abdulai RM. Dupilumab for COPD with Type 
2 Inflammation Indicated by Eosinophil Counts. N 
Engl J Med 2023; 389: 205-214.

52)	 Bakker DS, van der Wal MM, Heeb LEM, Giovan-
none B, Asamoah M, Delemarre EM, Drylewicz J, 
Nierkens S, Boyman O, de Bruin-Weller MS, Thijs 
JL, van Wijk F. Early and Long-Term Effects of Dup-
ilumab Treatment on Circulating T-Cell Functions 
in Patients with Moderate-to-Severe Atopic Derma-
titis. J Invest Dermatol 2021; 141: 1943-1953.

53)	 Saeidnia S, Manayi A, Abdollahi M. From in vitro Ex-
periments to in vivo and Clinical Studies; Pros and 
Cons. Curr Drug Discov Technol 2015; 12: 218-224.

54)	 Workman AD, Nocera AL, Mueller SK, Otu HH, 
Libermann TA, Bleier BS. Translating transcrip-
tion: proteomics in chronic rhinosinusitis with 
nasal polyps reveals significant discordance with 
messenger RNA expression. Int Forum Allergy 
Rhinol 2019; 9: 776-786.

55)	 Minni A, Dragonetti A, Sciuto A, Rosati D, Cava-
liere C, Ralli M, Azimonti D, Franzetti A, de Vin-
centiis M. Use of balloon catheter dilation and ste-
roid-eluting stent in light and severe rhinosinusitis 
of frontal sinus: a multicenter retrospective ran-
domized study. Eur Rev Med Pharmacol Sci 2018; 
22: 7482-7491.


