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Abstract

Objectives: Chronic rhinosinusitis with and without nasal polyps (CRSWNP and CRSsNP) and antrochoanal polyps (ACP) are diffe-
rent upper airway inflammation phenotypes with different pathomechanisms. In order to understand the development of tissue
edema, the present study aimed to evaluate lymphatic vessel density in CRSsNP, CRSWNP and ACP.

Materials and Methods: 120 retrospective nasal and maxillary sinus specimens were stained immunohistochemically with a

von Willebrand factor polyclonal antibody recognizing vascular and lymphatic endothelium, and with a podoplanin monoclonal
antibody recognizing lymphatic endothelium. Vessels were studied by microscopy in a blinded fashion, and the vessel density
and the relative density of lymphatic vessels were calculated. Patient characteristic factors and follow-up data of in average 9 years
were collected from patient records.

Results and Conclusion: In the nasal cavity, the low absolute and relative density of vessels and of lymphatic vessels was asso-
ciated with CRSWNP and ACP tissues compared to control inferior turbinate. This was observed also in the inflammatory hotspot
area. In the maxillary sinus, lower absolute and relative density of lymphatic vessels associated with the CRSWNP phenotype. High
lymphatic vessel density in polyp tissue associated with the need for revision CRS-surgery. As a conclusion, low density of lympha-
tic vessels distinguished patients with CRSWNP not only in the hotspot area of polyp tissue, but also in maxillary sinus mucosa. Yet,
higher lymphatic vessel density seems to associate with polyp recurrence. Further studies are still needed to explore if formation
of nasal polyps could be diminished by intranasal therapeutics affecting lymphangiogenesis.
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Introduction matory diseases of the nose and paranasal sinuses lasting for
Chronic rhinosinusitis (CRS) is a heterogeneous group of inflam- at least 12 weeks . It is a significant health problem, with a
Abbreviations: ACP: Antrochoanal polyp; AERD: Aspirin-exacerbated respiratory disease; CD: Cluster of Differentiation; CRS: Chronic rhinosinusitis;

CRSsNP: CRS without nasal polyps; CRSWNP: CRS with nasal polyps; ESS: endoscopic sinus surgery; mAb: monoclonal antibody; NP: nasal polyp; Th1:

T-helper cell 1; VEGF: vascular endothelial growth factor; vWf: von Willebrand factor; RDLV: relative density of lymphatic vessels
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prevalence of around 7-11 % 3. It is frequently associated with
asthma but their inter-relationship is poorly understood . CRS
with nasal polyps (CRSWNP) and without (CRSsNP) are conside-
red to be phenotypes of CRS with possibly different aetiologies
and pathomechanisms. However, they may also be interpreted
as different degrees of inflammation ™. Nasal polyps (NP) appear
as oedematous masses originating from the middle meatus and
affect between 1 and 4% of the general population .

Sinus specimens obtained from patients suffering from CRSsNP
are generally characterised by basement membrane thicke-
ning, goblet cell hyperplasia, subepithelial oedema, abundant
mononuclear cells and few eosinophils . Histomorphological
characterisation of CRSWNP reveals epithelial damage, goblet
cell metaplasia, a thickened basement membrane and oede-
matous to sometimes fibro-inflammatory tissue ©”. CRSsNP is
characterized by a T-helper cell 1 (Th1) polarization with high
levels of interferon-gamma and transforming growth factor
beta. Caucasian CRSWNP is characterised by a Th2-skewed
eosinophilic inflammation with high interleukin 5 levels ©, and
reduced transforming growth factor beta, whilst over 50% of
East Asian polyps are characterized with a Th1/Th17, neutrophi-
lic dominant pattern ©'2,

Antrochoanal polyps (ACP) are benign polypoid lesions arising
from the maxillary antrum and which extend into the choana.
They occur more commonly in children and young adults and
are almost always unilateral ®. Human papillomavirus type 16
has been detected at higher frequencies in ACP %,
Quantification of blood and lymphatic vessel density has
previously been used to understand cancer biology and used
as a prognostic factor in melanoma and head and neck cancer,
for example 59, Increased angiogenesis and density of blood
vessels as documented by positive CD34 and pro-angiogenic
factor vascular endothelial growth factor (VEGF) has been
reported respectively in adult CRSWNP and ACP patients " and
in CRSWNP in children ®, The sub-epithelial submucosa of the
lungs of asthmatic patients has been documented to have an
increased vascular density, both ex vivo and in vivo and airway
tissue to contain increased levels of VEGF 1920,

There are several antibodies which recognize blood and/or
lymphatic vessel antigens. von Willebrand factor (vWf) is a large
multimeric glycoprotein, with a mass ranging from 500 kDa up
to over 10 000 kDa ?". The encoding gene of vWf is located in
chromosome 12p13.2. vWf is produced by endothelial cells and
megakaryocytes @2, The primary product of the gene is a 2813
amino acids protein; which is composed of a signal peptide of
22 amino acids, a propeptide of 741 amino acids and a mature
vWF molecule containing 2050 amino acids @". vWf is expressed
by blood endothelium and also weakly expressed on lymphatic
endothelium 27,

Monoclonal antibody podoplanin (clone D2-40) recognizes

podoplanin in lymphatic endothelium. D2-40 was originally
recognized as an oncofetal antigen, M2A antigen, which is an O-
linked sialoglycoprotein with a simple mucin-type carbohydrate
epitope associated with germ cell neoplasms 2429, Currently, it is
known that podoplanin and M2A antigen are identical proteins
@9, Podoplanin is expressed in lymphatic endothelial cells but

is not expressed in blood endothelial cells . Therefore it is a
specific marker for lymphatic endothelium ©°,

In order to better understand these pathways, this study aimed
to evaluate lymphatic vessel density in CRS subtypes and ACP.

Materials and methods

Clinical samples

This study was performed at the Departments of Otorhinolaryn-
gology and Pathology, Tampere University Hospital, at the De-
partment of Otorhinolaryngology, Mikkeli Central Hospital, and
at Haartman institute, University of Helsinki, Finland. The study
protocol was approved by the Ethical Committee of the Pirkan-
maa Hospital District. The Ethical Committee did not require
informed consent for this follow-up study. The formalin-fixed
paraffin-embedded polyp samples were collected retrospecti-
vely from the archives of the hospital from 37 patients who had
been treated for CRS and 9 for ACP 1999 - 2007 as previously
described &%, Control inferior turbinate samples were collected
prospectively from 19 healthy non-smoking volunteers in 2005-
07 as previously described ©". The maxillary sinus samples form
44 CRS and 11 bimaxillary osteotomy patients (controls) were
collected prospectively in 2001-04 as previously described ©'32,
Maxillary sinus specimens were taken from the latero-inferior
wall of the maxillary sinus. All the subjects were Caucasian.
Subject groups are shown in Tables 1-2. The inclusion criteria of
patients were: diagnosis of CRSsNP, CRSWNP, or ACP based on
European Position Paper on rhinosinusitis and nasal polyps 2012
criteria of symptoms, endoscopic and sinus computed tomo-
graphy findings . The exclusion criteria were cystic fibrosis and
diseases with a severe impact on general immunity. The exclu-
sion criteria of control subjects were: sinonasal disease (except
mild allergic rhinitis) or any other disease requiring constant
medication. Diagnosis of allergic rhinitis was based on skin prick
test positivity and typical symptoms. Diagnosis of asthma was
based on clinical features and pulmonary function tests. Diagno-
sis of Aspirin-exacerbated respiratory disease (AERD) was made
on the basis of a history of wheezing or asthma attacks preci-
pitated by non-steroidal anti-inflammatory drugs. All samples
were reviewed by a pathologist. The characteristics, collected
from patient records, are shown in Tables 1-2.

The follow-up data of sinonasal operations and time of sur-

gery was collected form patient records of Tampere University
Hospital, Tampere City Hospital, and Mikkeli Central Hospital in
2014-15 in average 9 years after the time of sampling. None of
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the subjects had used Aspirin desensitization, allergen immu-
notherapy, or anti IgE therapy prior to or during the sampling or
during the follow-up.

Tissue handling and immunohistochemistry

von Willebrand factor and podoplanin staining were performed
in 120 samples. The samples were cut into 4-5 um thick paraf-
fin sections and were placed on Superfrost Plus microscope
slides (Menzel-Glaser, Braunschweig, Germany). Fully automa-
ted immunostaining was performed by Ventana BenchMark

LT Automated IHC Stainer (Ventana Medical System, Tucson,
Arizona, USA). Ultraview Universal DAB detection kit (catalog
No. 760-500, Ventana Medical System) was used. Ventana EZ
Prep solution (catalog No 950-100, Ventana Medical System)
was used for deparaffinisation. For epitope retrieval CC1: Tris
-EDTA buffer pH 8.0 (catalog No 950-124, Ventana Medical
System) was used at 95°C to 100°C for 30 minutes with paraf-
fin embedded tissue sections. Endogenous peroxidase was
blocked with UV-Inhibitor 3% H202 (Ventana Medical System)
for 4 minutes at 37°C. Tissue slides were rinsed between steps
with Ventana Tris-based Reaction buffer (catalog No. 950-300,
Ventana Medical System). Slides were incubated at 37°C for 24
minutes with pAb anti - von Willebrand factor (1:2000, A0082,
DAKO Corporation, Carpinteria, CA, USA), and for 32 minutes
with mAb anti-podoplanin (1:50, Clone D2-40, M3619, DAKO
Corporation, Carpinteria, CA, USA) followed by application of
Ventana Ultraview HRP Universal Multimer (8 minutes at 37°C).
Diaminobenzidine was used as a chromogen and hematoxylin
as a nuclear stain. Known positive tissue samples from sinonasal
mucosa were also used to confirm the staining reliability of all
separate staining patches. Specificity of immunohistochemistry
was controlled by omitting the primary antibodies or replacing
them with irrelevant antisera.

Light microscopic evaluation

Cytoplasmic staining of lymphatic and blood endothelial

cells were examined with an Olympus BX41 light microscope
(Olympus America Inc., Melville, NY, USA) by two observers (ST-S
and TP) without knowledge of clinical status and outcome data.
Cases of disagreement were discussed, and a consensus was
determined for further analysis.

The vessel density was calculated in inflammatory hotspot areas
and whole tissue (including hotspot and other areas) from 5
microscopic fields (0.785mm?/field). In biopsies, all microscopic
fields were examined under the light microscope. Hotspot of
inflammation was defined as areas of highest vascular density.
These areas had also abundant inflammatory cells. The relative
density of lymphatic vessels (RDLV) was calculated by dividing
the mean number of lymphatic vessels per microscopic field
(podoplanin) by the mean number of all vessels (vWf) per micro-
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scopic field. vWF is weakly expressed on lymphatic endothelium.
Therefore the positive lymphatic vessel staining of vWf was
assured by the lack of erythrocyte or smooth muscle within the
lymphatic vessel walls. Analysis was performed at x 200 (x 20
objective lens and x 10 ocular lens) magnification.

Data analysis

Descriptive statistics for patients and tumour characteristics
were presented in tongue cancer and in tongue hyperplasia.
Fisher's exact test (2-tailed) was used to compare patient charac-
teristics, and the correlations were analysed by Spearman rank
correlation test. The comparison of the vessels densities, the
relative density of lymphatic vessels in the different groups were
made by Kruskal-Wallis test (more than two groups), and then
by Mann Whitney U (MWU) test (two groups). Survival curves
were drawn by the Kaplan—Meier method, and analysed by the
logrank test. The time until revision surgery was calculated from
the date of sampling to the date of the first revision endoscopic
sinus surgery (ESS) and/or polypectomy, or end of March 2015
whichever came first. We sought to investigate whether vessel
density has potential as a predictive marker for revision CRS-
surgery. The cut-off values (1, 40, 70, 170 vessels/mm?) were de-
termined by using the following criteria: detected associations
by Logrank test; nearly equal-sized groups. Two-tailed P-values
of < 0.05 were considered statistically significant. Statistical ana-
lysis was carried out by the SPSS Base 15.0 Statistical Software
Package (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

The characteristics are shown in Tables 1-2. The groups from
whom nasal cavity samples were taken, differed significantly in
terms of age, presence of AR, AERD, asthma, previous sinus and/
or polypectomy operations(s) and medication (Table 1). The
groups from whom maxillary sinus cavity samples were taken,
differed significantly in terms of age, presence of AERD, asthma
and medication (Table 2).

Lymphatic and blood vessel density in the nasal cavity
Figure 1 presents von Willebrand factor and podoplanin expres-
sion in nasal specimens. In the whole tissue the mean density
of all vessels (vWf) was significantly lower in the polyp groups
compared to control inferior turbinate (Figure 2A). In the whole
tissue, the mean density of lymphatic vessels was also signifi-
cantly lower in the polyp groups compared to control inferior
turbinate (Figure 2C).

In the inflammatory hotspot area, the mean density of all vessels
(VWf) was significantly lower in the CRSWNP group, compared
to control inferior turbinate (Figure 2B). In the inflammatory
hotspot area, the mean density of lymphatic vessels was signifi-
cantly lower in both polyp groups compared to control inferior
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Table 1. Characteristics of patients from whom nasal cavity specimens were taken.

Control n=19 CRSWNP n=37
% ] %

Gender Male 9 474 21 56.8 6 66.7 .56
Female 10 52.6 16 43.2 3 333

Age <40 years 16 84.2 8 21.6 4 44.4 <.001
>40 years 3 15.8 29 784 5 55.6

f}:'l:g': Yes 12 63.2 10 27.0 1 1.1 026
No 7 36.8 23 62.2 8 88.9
Unknown 0 0.0 4 10.8 0 0.0

AERD Yes 0 0.0 13 35.1 0 0.0 .002
No 19 100.0 24 64.9 9 100.0

Asthma Yes 2 10.5 19 514 0 0.0 .001
No 17 89.5 15 40.5 9 100.0
Unknown 0 0.0 3 8.1 0 0.0

Smokers Yes 1 53 7 18.9 1 1.1 .35
No 18 94.7 27 73.0 7 88.9
Unknown 0 0.0 3 8.1 1 11.1

Previousop.!  Yes 0 0.0 10 70.3 0 0.0 013
No 19 100.0 26 27.0 9 100.0
Unknown 0 0.0 1 2.7 0 0.0

Medication No 19 100.0 12 324 6 66.7 <.001
IN CCS 0 0.0 15 40.5 3 333
|Cr\é:§cs PO 0 0.0 5 135 0 0.0
Other? 0 0.0 2 54 0 0.0
Unknown 0 0.0 3 8.1 0 0.0

P-values by Fisher’s exact test. Abbreviations: Control= mucosa from inferior turbinate, CRSWNP = chronic rhinosinusitis with nasal polyps, ACP
= antrochoanal polyp, AERD=Aspirin exacerbated respiratory disease, Previous op.=previous operations, 'sinus surgery and/or polypectomy,

CCS=corticosteroid, IN= intranasal, PO=peroral, 2antihistamine.

turbinate (Figure 2D). The median vessel density and the cavity

median lymphatic vessel density both in whole tissue and inthe  In the whole tissue, the relative density of lymphatic vessels
hotspot area was not affected by the combination of intranasal (RDLV) was significantly lower in CRSWNP and ACP groups

and peroral treatment compared to polyp patients without cor- compared to control inferior turbinate (Figure 1E). In the
ticosteroid treatment (p=0.5, p=0.3, p=0.5, p=0.9, respectively, inflammatory hotspot area, RDLV was also significantly lower in
by MWU test). Nor were there differences in the vessel densities CRSwWNP and ACP groups compared to control inferior turbinate
between the polyp group using only intranasal corticosteroids (Figure 1F). The median RDLV both in whole tissue and in the
and the polyp group without corticosteroid treatment (p=0.1, hotspot area was not affected by the combination of intranasal
p=0.8, p=0.3, p=0.5, respectively). and peroral treatment compared to polyp patients without

corticosteroid treatment (p=0.3, p=0.8, respectively). Nor were
The relative density of lymphatic vessels (RDLV) in the nasal there differences in the RDLV both in the whole tissue and in
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Table 2. Characteristics of patients from whom maxillary sinus specimens were taken.

Control n=11 CRSsNP n=26 CRSWNP n=18
% % %

Gender Male 4 36.4 9 34.6 7 389 1.00
Female 7 63.6 17 65.4 11 61.1

Age <40 years 10 90.9 11 42.3 4 22.2 .001
>40 years 1 9.1 15 57.7 14 77.8

ﬁ:'l:g': Yes 4 36.4 19 73.1 12 66.7 20
No 7 63.6 7 26.9 6 333

AERD Yes 0 0.0 0 0.0 6 333 .001
No 11 100.0 26 100.0 12 66.7

Asthma Yes 0 0.0 9 34.6 10 55.6 .004
No 11 100.0 17 65.4 8 444

Smokers Yes 2 18.2 9 34.6 4 222 .86
No 9 81.8 17 65.4 14 77.8

Faemnen!  LEIER 0 0.0 3 15 4 222 085
sinus(es)
Other 0 0.0 3 11.5 4 22.2
No 1 100.0 20 76.9 10 55.6

Medication No 11 100.0 13 50.0 8 44.4 .006
IN CCS 0 0.0 10 38.5 5 27.8
Ichgcs PO 0 0.0 0 0.0 3 16.7
Other? 0 0.0 3 11.5 2 11.2

Control= mucosa from inferior turbinate, CRSsNP = chronic rhinosinusitis without nasal polyps, CRSWNP = chronic rhinosinusitis with nasal polyps,
AERD=Aspirin exacerbated respiratory disease, Previous op.=previous operations, 'sinus surgery and/or polypectomy, CCS=corticosteroid, IN= intra-

nasal, PO=peroral, 2antihistamine, P-values by Fisher’s exact test.

the hotspot area between the polyp group using only intrana- excluding patients who had undergone previous maxillary sinus
sal corticosteroids and the polyp group without corticosteroid surgery from the analysis (p=0.073). There was also a trend that
treatment (p=0.9, both). the mean density of lymphatic vessels was lower in the CRSWNP
group in comparison to the control group (Figure 2D). The
Lymphatic and blood vessel density in maxillary sinus median vessel density both in whole tissue and in the hotspot
mucosa area did not differ by the presence or absence of previous sinus
Figure 1 presents von Willebrand factor and podoplanin expres- surgery and/or nasal polypectomy of CRS patients (p=1.0, p=0.3
sion in maxillary sinus specimens. In the whole tissue, the mean respectively). Accordingly the median lymphatic vessel density
densities of all vessels (vWf) and lymphatic vessels (podoplanin) both in whole tissue and in the hotspot area did not differ by the
did not differ between control, CRSsNP and CRSwWNP groups (Fi- presence or absence of previous sinus surgery and/or nasal po-
gure 3A, Q). In the inflammatory hotspot area, the mean density lypectomy in CRS patients, (p=0.8, p=1.0 respectively). Neither
of all vessels did not differ between the groups (Figure 2B). In did the use of intranasal corticosteroids by CRS patients affect
the inflammatory hotspot area, the mean density of lympha- the median vessel density or median lymphatic vessel density in
tic vessels was lower in the CRSWNP group compared to the whole tissue and in the hotspot area (p=0.9, p=0.1, p=0.6, p=0.4,

CRSsNP group (Figure 2D). The trend remained the same, when respectively).
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A

Figure 1. von Willebrand factor (vWf) and podoplanin (clone D2-40) expression in specimens from the nasal cavity (A-H) and maxillary sinus mucosa
(I-L). von Willebrand factor detects all vessels and D2-40 detects lymphatic vessels only. (A) Control inferior turbinate as a negative control. (B) A polyp
from a patient with chronic rhinosinusitis with nasal polyps (CRSWNP) as negative control. (C) Vessel staining with vWf in control inferior turbinate. (D)
Some lymphatic vessels (stained with D2-40) in control inferior turbinate. (E) Vessel staining (vWf) in a polyp from a patient with chronic rhinosinusitis
with nasal polyps and with aspirin exacerbated respiratpory disease (CRSWNP+AERD). (F) Scarce lymphatic vessels (D2-40) in a polyp from a patient
with CRSWNP+AERD. (G) Vessel staining (vWf ) in a inflammatory hotspot area of a polyp from a patient with CRSWNP+AERD. (H) Scarce lymphatic ves-
sels (D2-40) in an inflammatory hotspot area of a polyp from a patient with CRSWNP+AERD. (I) Vessel staining (vWf ) in control maxillary sinus mucosa.
(J) Some lymphatic vessels (D2-40) in control maxillary sinus mucosa. (K) Vessel staining (vWf ) in maxillary sinus mucosa of a patient with chronic
rhinosinusitis without nasal polyps (CRSsNP). (L) Scarce lymphatic vessels (D2-40) in the maxillary sinus mucosa of a patient with CRSsNP. Original
magnification was x400 (A, C); x200 (B, D-L).

The relative density of lymphatic vessels (RDLV) in maxillary ~ gure 2F). The trend remained the same, when excluding patients
sinus mucosa who had undergone previous maxillary sinus surgery from the
In the whole tissue, the relative density of lymphatic vessels analysis (p=0.078). There was also a trend that RDLV was lower in
(RDLV) did not differ between the control, CRSsNP and CRSwWNP the CRSWNP compared to the control group (Figure 2F). Median
groups (Figure 3E). In the inflammatory hotspot area, RDLV was RDLV both in whole tissue and in the hotspot area did not differ
lower in the CRSWNP group compared to the CRSsNP group (Fi- by the presence or absence of previous sinus surgery and/or
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Figure 2. The density of vessels in control inferior turbinate and nasal
polyp tissues. (A-B) The density of all vessels in the whole sample and

in inflammatory hotspot areas detected by anti-von Willebrand factor
(VWfF). (C-D). The density of lymphatic vessels in the whole sample and in
inflammatory hotspot areas detected by anti-podoplanin (clone D2-40).
(E-F) Relative density of lymphatic vessel to all vessels (RDLV) in the
whole sample and in inflammatory hotspot areas. Control= control infe-
rior turbinate (N=19); CRSwNP=chronic rhinosinusitis with nasal polyps
(N=37); ACP=antrochoanal polyps (N=9). P-values by Mann Whitney-U

test.

nasal polypectomy in CRS patients (p=0.8, p=0.9 respectively).
Neither did the use of intranasal corticosteroids in CRS patients
affect median RDLV in whole tissue and in the hotspot area
(p=0.1, p=0.3, respectively).

Prognostic relevance of (lymphatic) vessel density

We evaluated the effect of lymphatic vessel density and vessel
density to the time to first revision surgery in CRS patients
during the follow up of in average 9 years. High lymphatic vessel
density (=1/mm2) in the whole nasal polyp sample associated
significantly with the need for revision endoscopic sinus surgery
(ESS) and/or polypectomy, when comparing to patients with
low lymphatic vessel density (<1/mm?2) (Figure 4A). The result
remained the same when observing only the patient group with
CRSwWNP without ACP (Figure 4B) and the group that underwent
polypectomy+ESS during sampling (Figure 4C). These results
remained also the same when using the values RDLV>1 and
RDLV<1 (P=.017, P=.021, P=.005, data not shown). Nasal polyp
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Figure 3. The density of vessels in maxillary sinus mucosa samples. (A-B)
The density of all vessels in the whole sample and in inflammatory
hotspot areas detected by anti-von Willebrand factor (vWf). (C-D) The
density of lymphatic vessels in the whole sample and in inflammatory
hotspot areas detected by anti-podoplanin (clone D2-40). (E-F) Relative
density of lymphatic vessel to all vessels (RDLV) in the whole sample and
in inflammatory hotspot areas. Control= control maxillary sinus mucosa
(N=11); CRSsNP=chronic rhinosinusitis without nasal polyps (N=26);
CRSwNP=chronic rhinosinusitis with nasal polyps (N=18). P-values by
Mann Whitney-U test.

vessel density did not associate significantly with the need

for revision ESS and/or polypectomy. However, there was an
insignificant trend that high vessel density (=40/mm?2) in the
whole nasal polyp sample associated with the need for revision
ESS and/or polypectomy, when comparing to patients with low
vessel density (<40/mm?2) (Figure 4D). Accordingly, high vessel
density (=170/mm2) in the inflammatory hotspot area of the
nasal polyp sample associated insignificantly with the need for
revision ESS and/or polypectomy, when comparing to patients
with low vessel density (<170/mm?2) (Figure 4E). In the sample
series taken from the maxillary sinus, we did not detect any sig-
nificant associations between vessel or lymphatic vessel density
in maxillary sinus mucosa and the need for revision ESS and/

or polypectomy. Yet, there was an insignificant trend that high
vessel density (=70/mm2) in the whole maxillary sinus sample
associated with the need for revision ESS and/or polypectomy,
when comparing to patients with low vessel density (<70/mm?2)
(Figure 4E).
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Figure 4. Prognostic relevance of the lymphatic vessel density detected by anti-podoplanin (clone D2-40); and vessel density detected by antivon

Willebrand factor (vWf) to the time until the first revision endoscopic sinus surgery (ESS) and/or polypectomy in chronic rhinosinusitis (CRS)

patients during follow up. A. Predictive effect of the whole sample lymphatic vessel density of nasal polyp tissue in all patients (N=39). B. Predictive

effect of the whole sample lymphatic vessel density of nasal polyp tissue only in the group with chronic rhinosinusitis with nasal polyps (CRSWNP)

(N=33). C. Predictive effect of the whole sample lymphatic vessel density of nasal polyp tissue only in the subgroup with CRSWNP with current

polypectomy=+ESS during sampling (N=26). D. Predictive effect of the whole sample vessel density of nasal polyp tissue in the group with CRSWNP

(N=33). E. Predictive effect of the inflammatory hotspot vessel density of nasal polyp tissue in the group with CRSWNP (N=33). F. Predictive effect of

the whole sample vessel density of maxillary sinus mucosa in all patients (N=33). P-values by log rank test.

Discussion

This study was implemented to evaluate lymphatic vessel
density in the nasal and maxillary sinus biopsies of patients with
different types of CRS and ACP. Monoclonal anti-podoplanin,
clone D2-40 is a reliable lymphatic endothelial cell marker which
identifies only lymphatic endothelium @82%, Qur most significant
finding was that low lymphatic vessel density and low RDLV
associate with NP and ACP tissue. This finding is in accordance
with asthma studies, in which reduced lymphatic vessel distribu-
tion in patients with fatal asthma was found ©2. In view of this,
impaired lymphangiogenesis has been speculated to worsen
asthma outcomes ©*3. Only few studies on lymphatic vessels

in CRS are available ©9. Hosemann et al. showed that lymphatic
vessels in the maxillary sinus mucosa had an anatomical orienta-
tion towards the ostium, and that they were thin but numerous
in comparison to nasal lymphatic vessels. We found that the me-
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dian lymphatic vessel density was higher in both hotspot area
and in whole tissue in maxillary sinus mucosa in comparison to
nasal polyp tissue, which is in part in line with the previous ob-
servation. In contrast to us, a group found an increased number
of lymphatic vessels in the nasal mucosa of patients with mild
and severe persistent allergic rhinitis 7. However, when the
group studied oedematous ethmoid mucosa, they did not find
any lymphatic vessels within NP tissue 3.

In maxillary sinus mucosa, we found an insignificant trend that
lymphatic vessel density and RDLV in the inflammatory hotspot
area were significantly lower in CRS compared to control mu-
cosa, whereas vessel density did not differ between CRS and
control mucosa. Thus, decreased lymphatic vessels might not
only be associated with the hotspot areas of polyp tissue but
also with hotspot areas of the maxillary sinus mucosa in CRS



patients. In the inflammatory hotspot area, the mean density

of lymphatic vessels and RDLV were significantly lower in the
CRSWNP group compared to the CRSsNP group. This would
seem to point out that low lymphatic vessel density is characte-
ristic of the CRSWNP phenotype, in other mucosal areas besides
polyp tissue. Thus, decreased lymphatic vessels would probably
not be solely a secondary effect to polyp formation. There might
be an indirect inter-relationship between high vessel density,
low lymphatic vessel density and abundant inflammatory cells
in nasal polyp formation. Yet the mechanisms still remain unre-
solved and further studies on this are needed. In maxillary sinus
mucosa, we did not detect differences between vessel densities
of the whole tissue, which was in contrast to what was found in
polyp tissue. This might in part be due to the fact that the size
of the maxillary sinus biopsy was small and there was only little
tissue that wasn't in the inflammatory hotspot area.

A study group did not find differences in number, size and
length density of lymphatic vessels in normal and oedematous
ethmoid sinus mucosa ©®. Western blot also showed no differen-
ces in their expression levels. The authors concluded that lymp-
hangiogenesis does not occur in oedematous ethmoid sinus
mucosa, which may not reuptake interstitial fluid efficiently in
inflammatory conditions, resulting in the formation of mucosal
oedema in chronic inflammation ©8).

We detected differences in vessel densities and RDLV, when ob-
serving whole tissue and inflammatory hotspot area. Histomor-
phological findings in NPs include tissue with few cells and ves-
sels; blood vessels found in NPs have been described as being
“immature” and lacking normal innervation ©°. In regards to this,
it would seem to be important to study hotspot areas i.e. NP and
whole tissue areas i.e. inferior or middle turbinate, separately.

In animal models, lymphangiogenesis has been shown to as-
sociate with chronic airway diseases. In a murine asthma model,
lymphangiogenesis was found to be increased in obese mice
and during allergen challenge in sensitized mice in visceral and
subcutaneous adipose tissue “?, Similarly, in a murine myco-
plasma pulmonis driven model of chronic airway inflammation,
lymphatic sprouting was completely inhibited by a long course
of antibiotics, but lymphatic vessels regressed only partly in
comparison to the almost complete regression of blood vessels
(34). In humans, lymphangiogenesis has been documented to
increase in idiopathic pulmonary fibrosis “".

We found that vessel density was lower in nasal polyp and

ACP tissue. This is supported by the study in which a reduced
number of CD34+ vessels was observed in various NP subtypes,
including cystic fibrosis patients and ACP polyps, and especially
in patients with AERD “*%3) VEGF is one of the most important
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molecules controlling inflammation-driven angiogenesis. An
association was found between pro-angiogenic factor CD105
(endoglin) staining intensity and an eosinophilic histological
pattern in CRSWNP adult patients “%. Increased angiogenesis
and density of blood vessels as documented by positive CD34
and pro-angiogenic factor VEGF has been reported respectively
in adult CRSWNP and ACP patients 7. This is in contrast with our
findings, which could in part be due to different control tissues.
We used inferior turbinate from subjects with/without allergic
rhinitis. Hirshoren et al. used middle turbinate tissue from non-
atopic patients that underwent skull base surgery due to cere-
brospinal fluid leak or pituitary gland operation “”. In children,
higher VEGF and vessel density has been demonstrated in the
hotspot areas of polyp tissue compared to that of the ethmoid
sinus mucosa of CRSsNP patients contrasts with our findings,
which could be explained by the differences in studied populati-
ons and by the fact that Hu et al. *® used ethmoid sinus mucosa
and we used maxillary sinus mucosa of CRSsNP patients.

We demonstrated, that NP vessel density did not associate
significantly with need for revision ESS and/or polypectomy.
Ottaviano et al also found that neo-angiogenesis, as documen-
ted by CD105 staining, was not predictive of NP recurrence 9.
Interestingly, we found that an increased amount of lymphatic
vessel density in the whole NP sample associated significantly
with an increased need for revision ESS and/or polypectomy.
Thus, although reduced lymphatic vessel density associates
with CRSWNP it seems to, however, predict better long-term
control of CRSWNP. Thus, it could be possible that lymphatic
vessel density in nasal polyp tissue is not a primary cause of
recurrent polyp growth. Moreover, it could be speculated, that
induced lymphangiogenesis could have therapeutic potential
in inhibiting primary growth of CRSWNP, but after polypectomy,
stimulated lymphangiogenesis might not have therapeutic po-
tential in reducing the need for revision surgery. Yet, this would
require further studies to be proven.

We acknowledge the number of patients was small and control
nasal cavity samples were from inferior turbinate instead of
middle turbinate. In addition, no corresponding samples from
the same patient’s polyp tissue, middle turbinate and sinus
cavity were available in this study. The small number of samples
did not allow us to evaluate the effect of confounding factors,
such as AERD, asthma and intranasal or peroral corticosteroid
treatment. Vessel densities in maxillary sinus mucosa might be
affected by previous sinus surgery, yet the small sample size li-
mited our possibilities to completely evaluate this. On the other
hand, we were able to detect the associations despite the in-
group heterogeneity. Despite the cohort setup, the study design
did not fully make it possible to demonstrate causal association
between low lymphatic vessel densities to polyp formation.
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The low number of subjects limited the possibilities to evaluate
whether the vessel or lymphatic vessel densities and the used
cut-off values would be clinically feasible predictive markers for
recurrent CRS-surgery.

Conclusion

The study suggests that low absolute and relative lymphatic
vessel density associate to nasal polyps and ACP, and to a
reduced need for revision surgery. Further studies with greater
population size would be needed to prove these findings and to
observe, which factors lead to reduced lymphatic vessel density
in CRSWNP and whether lymphatic vessel density is a cause or a
secondary event for polyp growth.
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