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Abstract: The present study aimed to elucidate the relationship between histologic changes and inflammatory mark-
ers in chronic rhinosinusitis (CRS). Inflammatory markers of CRS, including eosinophil and neutrophil counts, the
eosinophil-to-lymphocyte ratio, and the neutrophil-to-lymphocyte ratio, were investigated in tissues and peripheral
blood. Inflammatory markers were evaluated according to the histologic changes of stromal edema, stromal fibrosis,
and basement membrane (BM) thickening. Among 92 patients with CRS who underwent pathologic examinations,
stromal edema, stromal fibrosis, and BM thickening were identified in 84.8%, 25.0%, and 53.3% of patients, re-
spectively. Stromal edema and BM thickening were observed more frequently in CRS with nasal polyps than in CRS
without nasal polyps (P =0.001 and P = 0.001, respectively). Tissue inflammatory markers differed according to the
presence of histologic changes in tissues. In peripheral blood, however, only the eosinophil count differed according
to BM thickening. Patients with two or more histologic changes had higher tissue eosinophil-to-lymphocyte ratios (P
= 0.008) and eosinophil counts (P = 0.002) compared with subjects with no or one histologic change. Conversely,
the tissue neutrophil-to-lymphocyte ratio and neutrophil count were higher in patients with no or one histologic
change than in patients with two or more changes. Collectively, tissue inflammatory markers may be correlated with
histologic changes in CRS. However, serum inflammatory markers have a limited ability to predict histologic changes
in patients with CRS.
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Introduction

Chronic rhinosinusitis (CRS) is defined as symp-
tomatic inflammation of sinonasal mucosa per-
sisting for more than 12 weeks [1]. CRS is a
common disease associated with considerably
impaired quality of life, reduced work productiv-
ity, and increased medical treatment cost [2].
In general, CRS is classified as CRS with nasal
polyps (CRSwNPs) and without nasal polyps
(CRSsNPs). Although the cause of CRS remains
unclear, mucosal inflammation and its conse-
quences have been reported as factors distin-
guishing the different clinical phenotypes [3].
Characterizing CRS pathology based on infil-
trating inflammatory cell profiles such as eo-
sinophils or neutrophils, differentiated T cell
patterns, and tissue remodeling patterns might
help identify distinct disease entities of CRS
[2].

Based on the underlying inflammatory process,
CRS can also be classified as eosinophilic and
non-eosinophilic [4]. Tissue eosinophilia is a
representative predictor of a poor prognosis
associated with a high recurrence of nasal pol-
yps and persistent postoperative symptoms [5].
However, the cutoff eosinophil count for defin-
ing eosinophilic CRS varies among studies,
ranging from 5 to 120 eosinophils per high
power field [6, 7]. In addition, within tissues,
eosinophil counts can vary based on differenc-
es in the counting foci determined by inves-
tigators.

In previous studies, the roles of inflammation
and tissue remodeling in the pathogenesis of
airway diseases such as asthma and CRS
have been reported [3]. The structural changes
caused by tissue remodeling in CRS include
squamous metaplasia, basement membrane
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(BM) thickening, stromal edema and fibrosis,
and goblet cell hyperplasia, as well as subepi-
thelial gland hyperplasia [8]. In previous stud-
ies, the relationship between inflammation and
tissue remodeling was reportedly not a simple
cause-effect relationship but a complex asso-
ciation involving multiple pathways [9]. How-
ever, the relationship between these histolo-
gic changes and inflammatory markers in CRS
remains unclear.

In the present study, the inflammatory mark-
ers associated with histologic changes in CRS
were investigated. In addition, a subgroup an-
alysis according to the CRS phenotype was
performed.

Materials and methods
Patients

The medical records of 92 patients who under-
went endoscopic sinus surgery and concurrent
biopsy for CRS between March 1, 2017 and
July 31, 2019 were analyzed. Glass slides of
biopsied tissues were reviewed for histologic
changes and infiltrating inflammatory cell co-
unts. In addition, medical charts were reviewed
to collect patient clinical information, including
demographics, comorbid conditions, and re-
sults of laboratory tests. A blood sample to
measure eosinophil, lymphocyte, and neutro-
phil counts and percentages was obtained from
all patients. This protocol was reviewed and
approved by the Institutional Review Board of
Eulji University Hospital (Approval No. EMC
2019-08-001).

Histologic changes

Histologic review of hematoxylin- and eosin-
stained slides was performed by a pathologist
(J.S.P), who was blinded to the clinical history.
Histologic changes in terms of stromal edema,
stromal fibrosis, and BM thickening were inves-
tigated. Each histologic change was evaluated
as present or absent, regardless of severity or
extent. Based on the severity of the histologic
changes, the tissue remodeling group was
defined as showing two or more histologic
changes. In addition, squamous metaplasia of
the pseudostratified ciliated columnar epitheli-
um was evaluated.
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Inflammatory markers

As inflammatory markers, eosinophil and neu-
trophil counts, the eosinophil-to-lymphocyte
ratio (ELR), and the neutrophil-to-lymphocyte
ratio (NLR) were measured in tissues and
peripheral blood. Tissue inflammatory marker
levels are expressed as the mean values of
three hotspots. Inflammatory markers in peri-
pheral blood were examined preoperatively.

Statistical analysis

Statistical analyses were performed using IBM
SPSS Statistics for Windows, version 22.0 (IBM
Corp., Armonk, NY, USA). The differences bet-
ween groups in terms of nominal variables su-
ch as the presence of nasal polyps, presence
of inflammatory markers, sex, and histologic
changes were determined using the two-sided
x? test. The differences between groups in ter-
ms of histologic changes and numerical vari-
ables including age and inflammatory markers
was performed using the two-tailed Student’s
t-test. A P-value < 0.05 was considered statisti-
cally significant.

Results

Patient characteristics associated with histo-
logic changes

Figure 1 shows representative images of histo-
logic changes and inflammatory cell infiltrates
in CRS tissues. Among the 92 patients with
CRS, 78 (84.8%), 23 (25.0%), and 49 (53.3%)
exhibited stromal edema, stromal fibrosis, and
BM thickening, respectively. No differences in
the presence of histologic changes according
to age or sex were observed (Table 1). The
patients with CRSWNPs showed significantly
higher rates of stromal edema and BM thic-
kening compared with those with CRSsNPs (P =
0.001 and P = 0.001, respectively). However,
no difference in stromal fibrosis between the
CRSwWNP and CRSsNP groups was observed.

Inflammatory markers based on histologic
changes

In tissues, the infiltrating eosinophil count and
ELR in tissues differed according to the histo-
logic changes (Table 2), with significant increas-
es observed in tissues with stromal edema and
BM thickening but decreases in tissues with
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NLR were significantly de-
creased in tissues with stro-
mal fibrosis and BM thicken-
ing, whereas the NLR was
increased in tissues with st-
romal edema (Table 4). On
the other hand, these infla-
mmatory markers in serum
were not associated with any
histologic change in either
CRSWNPs or CRSsNPs.

Patients with two or more his-
tologic changes showed sig-
nificantly higher tissue eosin-
ophil counts (P = 0.002) and
ELRs (P = 0.008 (Figure 2A
and 2B) but lower tissue neu-
trophil counts (P = 0.001)
and NLRs (P = 0.037) (Figure
2C and 2D) compared with
patients with no or one histo-
logic change.

Discussion

In this study, the relationship
between histologic changes
and various inflammatory ma-

Figure 1. Representative images showing histologic changes and inflamma- rkers in the tissues and

tory cell infiltration in chronic rhinosinusitis: (A) stromal edema, (B) stromal
fibrosis, (C) basement membrane thickening, (D) squamous metaplasia, (E)
eosinophil infiltration, and (F) neutrophil infiltration (x400).

stromal fibrosis. The infiltrating neutrophil
count and NLR were significantly decreased in
tissues with stromal fibrosis and BM thicken-
ing but not in those with stromal edema. Am-
ong the serum inflammatory markers, only the
eosinophil count was significantly increased in
the presence of BM thickening. However, other
serum inflammatory markers, such as the neu-
trophil count, NLR, and ELR, were not affected
by the histologic changes. Furthermore, there
were no differences in the levels of inflamma-
tory markers according to the presence of
squamous metaplasia (data not shown).

Subgroup analyses according to the presen-
ce of nasal polyps were also performed. In
CRSwNPs, the eosinophil count and ELR were
significantly increased in tissues exhibiting BM
thickening, whereas the ELR was significantly
decreased in tissues exhibiting stromal fibrosis
(Table 3). In CRSsNPs, the neutrophil count and
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peripheral blood of patients
with CRS was analyzed. Our
findings can be summarized
as follows. First, stromal ed-
ema and BM thickening were observed more
frequently in CRSwWNPs than in CRSsNPs. Se-
cond, irrespective of the CRS subtype, stromal
edema and BM thickening were accompanied
by tissue eosinophilia and a high tissue ELR,
whereas stromal fibrosis was accompanied by
decreased inflammatory marker levels. Third,
the histologic changes were associated with
eosinophil-related markers in CRSwNPs and
with neutrophil-related markers in CRSsNPs. In
the presence of BM thickening, the tissue
eosinophil count and ELR were increased in
CRSwNPs, whereas the tissue neutrophil count
and NLR were decreased in CRSsNPs. Fourth,
CRS with two or more histologic changes was
associated with a higher tissue eosinophil
count and ELR but a lower tissue neutrophil
count and NLR compared with CRS with no or
one histologic change. Finally, the histologic
changes differed significantly according to the
tissue but not serum inflammatory markers.
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Table 1. Patient characteristics according to histologic changes

Stromal edema Stromal fibrosis BM thickening

P-value P-value P-value
Present Absent Present Absent Present Absent
Total (n =92) 78 (84.8) 14 (15.2) 23(25.0) 69 (75.0) 49 (53.3) 43 (46.7)
Age, years 45.7+14.2 50.6+20.1 0.268 42.6+13.8 47.8+15.5 0.160 48.2+14.4 44.5+16.0 0.247
Sex
Male 59 (88.1) 8(11.9) 0.152 20 (29.9) 47 (70.1) 0.079 38(56.7) 29 (43.3) 0.277
Female 19 (76.0) 6 (24.0) 3(12.0) 22 (88.0) 11 (44.0) 14 (56.0
Diagnosis
CRSWNP 62 (92.5) 5(7.5) 0.001 16 (23.9) 51 (76.1) 0.685 43 (64.2) 24 (35.8) 0.001
CRSSNP 16 (64.0) 9(36.0) 7 (28.0) 18 (72.0) 6(24.0) 19 (76.0)

Numbers in parentheses represent percentages. Bold P-values represent significant differences. BM, basement membrane; CRSWNP, chronic rhinosinusitis with nasal
polyps; CRSsNP, chronic rhinosinusitis without nasal polyps.

Table 2. Inflammatory marker levels according to histologic changes in chronic rhinosinusitis
BM thickening

Stromal edema Stromal fibrosis

P-value P-value P-value
Present Absent Present Absent Present Absent
Eosinophil count 40.47+55.36 10.12+14.50 <0.001 19.20+29.85 41.41+57.08 0.019 52.32+63.92 17.09+24.46 0.001
ELR 2.02+3.52 0.18+0.28 <0.001 0.61+1.00 2.12+3.71 0.003 2.63+4.14 0.73+1.48 0.004
Neutrophil count  17.40+23.59 14.74+24.99 0.701  8.09+11.31 19.97+#25.96 0.003 8.99+12.25 26.12+29.73 0.001
NLR 0.87+2.07 0.23+0.32 0.251 0.21+0.31 0.96+2.18 0.007 0.37+0.70 1.24+2.65 0.041

Numerical data are expressed as means + standard deviation. Bold P-values represent significant differences. BM, basement membrane; ELR, eosinophil-to-lymphocyte
ratio; NLR, neutrophil-to-lymphocyte ratio.

Table 3. Inflammatory marker levels according to histologic changes in chronic rhinosinusitis with
nasal polyps

Stromal edema Stromal fibrosis BM thickening

P-value P-value P-value
Present Absent Present Absent Present Absent
Eosinophil count  46.41+59.64 13.67+20.17 0.229 25.67+33.95 49.71+63.12 0.151 58.61+65.77 17.74+26.48 0.001
ELR 2.38+3.84 0.27+0.44  0.226 0.83+1.13 2.66+4.15 0.006 2974432  0.90+1.80 0.008
Neutrophil count  13.48+20.25  8.20+9.81  0.568 6.90+9.37 15.03+21.63 0.150 9.72+12.76 19.11+27.44 0.124
NLR 0.8242.23 0.1740.21 0.519 0.20+0.29 0.95+2.44 0.228 0.40+0.74 1.43+3.40  0.158

Numerical data are expressed as means + standard deviation. Bold P-values represent significant differences. BM, basement membrane; ELR, eosinophil-to-lymphocyte
ratio; NLR, neutrophil-to-lymphocyte ratio.

Table 4. Inflammatory marker levels according to histologic changes in chronic rhinosinusitis without
nasal polyps

Stromal edema Stromal fibrosis BM thickening

P-value P-value P-value
Present Absent Present Absent Present Absent
Eosinophil count ~ 17.48+23.66 8.15+11.22  0.280 4.43+4.43 17.89+22.85 0.027 7.28+10.49 16.28+22.35 0.355
ELR 0.62+1.00 0.13+0.16 0.158 0.11+0.13 0.57+0.95 0.222  0.22+0.36 0.52+0.93 0.456
Neutrophil count  32.60+£29.67 18.37+30.42 0.265 10.81+15.40 33.96+32.22 0.024 3.72+5.89 34.98+30.86 < 0.001
NLR 1.08+1.33 0.26+0.38 0.033 0.24+0.37 1.00+1.28 0.033 0.09+0.17 1.01+1.24 0.005

Numerical data are expressed as means + standard deviation. Bold P-values represent significant differences. BM, basement membrane; ELR, eosinophil-to-lymphocyte
ratio; NLR, neutrophil-to-lymphocyte ratio.

The roles of inflammation and tissue remodel-
ing in the pathogenesis of CRS have been
reported in numerous studies [3]. The inflam-
matory process and its effects may differ
between CRSWNPs and CRSsNPs. CRSwWNPs is
characterized by a predominant type 2 inflam-
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matory response mediated by T helper 2 cells
and the release of IL-5, ECP, and eotaxin, as
well as high local levels of IgE [10]. Eosinophil
infiltrations along with downregulation of trans-
forming growth factor (TGF-B) and a decreased
number of regulatory T (Treg) cells are also
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Figure 2. Comparisons of inflammatory marker levels according to the degree of tissue remodeling in chronic rhino-
sinusitis. (A and B) Tissue eosinophil count and eosinophil-to-lymphocytic ratio (ELR). (C and D) Tissue neutrophil

count and neutrophil-to-lymphocytic ratio (NLR).

observed in CRSwWNPs [3, 10]. These changes
lead to increased tissue edema and inhibited
collagen deposition in the extracellular matrix
in CRSwWNPs [11]. BM thickening is also corre-
lated with the density of underlying eosinophils
[12].

Conversely, in CRSsNPs, the inflammatory pro-
cess is predominately mediated by T helper 1
cells [13]. Neutrophil infiltrations with upregula-
tion of TGF-B and increased Treg cells result in
increased collagen deposition and fibrosis for-
mation in CRSsNPs [2]. In agreement with pre-
vious findings, stromal edema and BM thicken-
ing were more prominent in CRSWNPs than
CRSsNPs in the present study. In addition, stro-
mal fibrosis was more common in CRSsNPs
than CRSwWNPs but without statistical signifi-
cance. Subgroup analysis also showed that tis-
sue eosinophilia and ELR, but not tissue neu-
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trophilia or NLR, were associated with histolog-
ic changes in CRSwWNPs, indicating that Th2-
type eosinophilic inflammation is more domi-
nant in CRSwWNPs.

Histologic changes such as stromal edema,
stromal fibrosis, BM thickening, and squamous
metaplasia are aspects of tissue remodeling,
a dynamic process resulting in extracellular
matrix production and degradation [10]. Inflam-
mation does not always result in tissue remod-
eling; however, these two processes are intri-
cately related [9]. Among inflammatory cells,
eosinophils are the main effector cells in the
inflammation and remodeling process [9]. In
the present study, a higher tissue eosinophil
count and ELR were observed in patients with
two or more histologic changes compared with
no or one histologic change, indicating that
eosinophilic inflammation is the primary pro-
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cess in tissue remodeling [9]. In contrast,
patients with only one or no histologic chan-
ge had a higher neutrophil count and NLR.
Because neutrophils are the first responders
among inflammatory cells, the tissue neutrophil
count and NLR might be decreased in chronic
diseases such as CRS with tissue remodeling.
Remodeling can also be observed in the non-
eosinophilic type of inflammation, indicating
that complex mechanisms other than those
involving eosinophils are involved in tissue
remodeling [14].

The role of tissue eosinophilia as a marker pre-
dicting CRS recurrence has been evaluated pre-
viously [15]. Patients with greater tissue eosin-
ophilia had a greater risk of recurrence and
more unsatisfactory treatment outcomes after
sinus surgery [15]. However, neither a clear
definition of, nor diagnostic criteria for, eosino-
philic CRS has been established. In a recent
meta-analysis, > 55 eosinophils per high power
field was suggested as the cutoff eosinophil
count for eosinophilic CRS [5]. However, the
diagnosis of eosinophilic CRS can differ de-
pending on the high-power fields selected by
investigators when counting eosinophils. In
addition, paraffin block sectioning can also
affect the extent and severity of histologic
changes.

To compensate for these shortcomings, inflam-
matory markers such as the ELR could be con-
sidered. The roles of inflammatory markers,
including the ELR and NLR, have been investi-
gated in various diseases [16-18]. These mark-
ers can be obtained not only from tissue but
also from peripheral blood easily. A prognostic
role of inflammatory markers in predicting CRS
recurrence has been suggested [16]. In a previ-
ous study, the serum NLR was identified as an
independent risk factor for CRS recurrence
after sinus surgery [17]. Other studies showed
that the serum NLR, ELR, and basophil-to-lym-
phocyte ratio were higher in recurrent CRS, but
the results were heterogeneous among CRS
sub-cohorts [16]. In addition to their role as a
prognostic marker, serum inflammatory cells
are closely associated with tissue inflammatory
cells, especially eosinophils [19]. However, in
the present study, tissue inflammatory markers
were correlated with histologic changes, where-
as serum inflammatory markers were not,
except for a relationship between the serum
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eosinophil count and BM thickening, regardless
of the presence of nasal polyps. Our results
showed that the serum inflammatory markers
were not correlated with histologic changes
irrespective of the CRS phenotype, indicating
that serum inflammatory markers may not
always represent histologic changes in CRS.
Tissue inflammatory markers appear more to
be specific and representative markers of dis-
ease extent compared with peripheral markers,
which may suggest that circulating inflamma-
tory cells are in a pre-activation state before
their extravasation and migration to the tissue
[20].

The present study had several limitations. First,
clinical aspects such as disease extent and
treatment outcomes were not evaluated.
Second, a histologic assessment was made by
only one pathologist; the adoption of more
diverse tissue remodeling markers might be
more helpful to elucidate the relationship bet-
ween tissue remodeling and inflammation.
Third, the histologic changes were dichoto-
mously classified as present or absent. Fur-
ther stratification of the changes into multiple
grades might enable additional analyses [21].

In conclusion, our data showed that tissue
inflammatory markers were correlated with his-
tologic changes in CRS. In contrast, serum
inflammatory markers showed limited ability to
predict tissue remodeling. Mainly high levels of
tissue eosinophilic and low levels of tissue neu-
trophilic markers were associated with tissue
remodeling in CRS. These findings indicate the
feasibility of tissue remodeling parameters as
prognostic markers for CRS, in addition to con-
ventional tissue eosinophilia.
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