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Background and Objectives There are various methods used to histologically assess the
cell count of neutrophils in nasal polyps. With various classification of neutrophilic nasal pol-
yps, determining the appropriate staining techniques and criteria is deemed important for the
diagnosis of neutrophilic nasal polyps by assessing neutrophil cell counts. In this study, we
tried to optimize different methods of neutrophil counting and staining by comparing clinical
outcomes.
Subjects and Method We studied 207 patients who underwent endoscopic sinus surgery
for chronic rhinosinusitis with nasal polyp from August 2014 to September 2018. Patients’ na-
sal polyp were taken to make following three slide sections: hematoxylin and eosin, human
neutrophil elastase (HNE), myeloperoxidase. After staining, microscope picture (X400) was
taken and neutrophils were counted. Neutrophil polyp (NP) was classified either by the tissue
neutrophil count (20/HPF) or by the neutrophil percentage (1%/total cell) for clinical outcome
comparison.
Results Two groups were made after HNE staining: the NP and the non-NP groups. The
L-K scores and delta showed significant differences between each group while neutrophil was
defined based on 20 counts/HPF (»<0.001). By Kaplan-Meier estimation, there was no statis-
tical meaning between the two groups. But the NP group had a tendency to recur more than
the non-NP group while 20 counts/HPF definition was used (p>0.05).
Conclusion HNE staining and 20 counts/HPF were the most specific for neutrophil count-
ing. Analyzing the nasal polyp into two groups due to histologic types showed that the NP
group had worse prognosis than the non-NP group. In conclusion, neutrophils in the nasal pol-
yp might be considered seriously for clinical outcomes.
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5o 49| F /4AE 7w

=2 AFofA= 20149 8EHE 2018 9€7HA] E-LofA
H-E-ES SRS T Fuls o 2 yjdsto] 3714 o)<
oF

25
= 0 = = ~
4 12 7178 32,9701 Lo 9ItH(Table 1).

2 A= dajsla Y e Y Es]e] $218 whot

HE % 5 A3 HE-ES H&E, HNE, MPO @4
A&ttt H&E GM9] AL 10% 34 282 147t
2 A% 2AE Q4 BHO R qHEO] 100% xy-
gule}iL sl 45U H-E 90%, 75% L 50% ©)
g0 Z47f 224 A2ste] pAlzich Weld dakeka e
o TS S| ) 3% TRl 187 Helskn
2248 HA5F AT hematoxyline o) 35 eosin &
ofl 123+ Hefshar 24 ¥ Beslsict
HNE (R&D Systems, MAB91671; Bio-techne”, Minne-
apolis, MN, USA) &A-2 100% xylenel. 2 Eute}-S 5}
RG0S 0%, 75% W 50% ol hol] Zkzt 28 A2
sto] Azl WA Akeka 40 B4 dAsk] <
3 3% THAIskRaol 1087 Helskn 28R AF o
2 50 mM Tris &5890 & Z=A8l9ch 1 t}S H|Eol4
HF-3-9 A 73k & mouse anti-human neutrophil elastase/
ELA2 monoclonal antibodyE Tris &% &o] 1:2002.2
BlA5te] 4CollAl BH R E39F HRSAIZATE YAF A WS-
T Tris YF&No =2 Fasial TAAQl 3, 3-diamino-

benzidine tetrachloride 842 7|5} #AME3-S 25}



WA 5E7F 9EgA)Z] & 5905tk MPO (R&D Systems,
AF3667: Bio-techne”) G*2] 7> HNE @M} 53t 7}

A& AH2H, mouse anti-human myeloperoxidase/MPO

Table 1. Demographic data of study patients (n=207)
157:50 (75.8:24.2)

Male:female

Age (years) 45.5+14.3
Follow up date (days) 3984456
Blood eosinophil (%) 4.27 £3.48
Nenglyfphilic neut,\r‘c?ghilic p-value
polyp
H&E (>1%/total cell)
Total 104 (50.2) 103 (49.8)
Asthma 15(14.4) 14(13.6) 0.8537
AERD 3(2.9) 5(4.9) 0.4822
Blood eosinophil (%)  4.82+3.55 3.73+3.34  0.0242*
Total IgE 382+571 307+474  0.2581
H&E (>20/HPF)
Total 160 (77.3) 47 (22.7)
Asthma 21 (13.1) 8(17.0) 0.7994
AERD 4(2.5) 4(8.5) 0.4201
Blood eosinophil (%)  4.48+3.38 3.57+3.75 0.0011f
Total IgE 334+513 383+573 0.3386
HNE (>1%/total cell)
Total 113 (54.6) 94 (45.4)
Asthma 20(17.7) 9(9.6) 0.0406*
AERD 4(3.5) 4(43) >0.9999
Blood eosinophil (%)  4.81+3.42 3.62+3.46  0.00411
Total IgE 354+ 524 333+530  0.7571
HNE (>20/HPF)
Total 151 (72.9) 56 (27.1)
Asthma 24 (15.9) 5(8.9) 0.1349
AERD 5@.3) 3(5.4)  >0.9999
Blood eosinophil (%)  4.64+3.47 3.29+3.36  0.0076f
Total IgE 344+525 331+535 0.7274
MPO (=1%/total cell)
Total 69 (33.3) 138 (66.7)
Asthma 13(18.8) 16(11.6)  0.1816
AERD 7 (10.1) 1(0.7) 0.0072t
Blood eosinophil (%)  3.29+3.32 477+3.47  0.0329*
Total IgE 379+576 327+499 0.7557
MPO (>20/HPF)
Total 91 (44.0) 116 (56.0)
Asthma 15(16.5) 14(12.1) 05157
AERD 7@7.7) 1(0.8) 0.0074t
Blood eosinophil (%)  3.52+3.28 486+3.53  0.0130*
Total IgE 342+ 520 346+531 0.9301

Values are presented as n (%) or mean + standard deviation.
*0<0.05; '1p<0.01. H&E, hematoxylin and eosin; AERD, asthma-
exacerbated respiratory disease; IgE, immunoglobulin E; HNE,
human neutrophil elastase; MPO, myeloperoxidase
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2l deltas Mann-Whitney testE ©]-8&3}0] v|as}ct H]
L= Ak HwE $JsA] =& & Lund-Kennedy score,
polyp #k= 7 151k vlasto] o3 vl7}k oA 24 ol
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H&E, HNE, MPO &4 9
& 20789 v &F=
< H&E, HNE, MPOZ
91.0™ correlation graphs £ 3}01 Z¥7+-8- H| 3] ﬁﬁ}(FigS.
1 and 2). Al 7HA FAREol| w8 o5+ 742 Hat=
39S 749 H&E®lA] total count 18.01£35.207H(mean
count+standard deviation), HNE{|A4] 39.36+68.1071}, MPO
ol A 138.14+155.617 = YERston H&E, HNE, MPO ¢
Ape] $AR BFAOR WE fo| 5577} wAR
(p<0.01) (Table 2). Correlation ZHlA+= H&EF HNE=
p<0.001, AAI4=(1)=0.56, H&E2F MPO= p=0.046, A3
Al4=(r)=0.14, MPO2F HNE& p<0.001, AA(0=0.332

5574 M85 2 25

HNE g A188%t slide Al ZHlolA Hol= S5
(neutrophil) 74> &3+o] 2071 Z3}H(neutrophil >20/HPF)
52 slide Al 3LollA] Hol= 35719 Hlgo] & Al 429
1% oY Z-$-(neutrophil >1%/total cell) & 7HA& &%
T4 Hl8-F2] 71E0 & 5o groupS Ui Neutro-

phil >20/HPF9] AL s34 v|LEZ(NP)o] & 569
neutrophil >1%/total cell®] 7]&2] 78‘ ST/ vEE
AL & 94O 2 Y group?] & Qo] sl HL

th(p<0.01) (Table 3).

TTTA uEEY = T AR &7 Haes)
g A3} 50 H]LHA]% LK score«] Afo]Ql AL-K score

= J«Lﬂﬂ 7% HNE SAH-S AF8-3F neutrophil >20/HPF

Uelfo] Al 7H4] gAe] w5 f-ofujgt AHAIE Ho|  7|RoA e T HIE-Fo] HEE A vl-E-Fol st
W 1% H&ESH HNEZF 7MY =2 At Al 2ot delta gho] f-2lskAl @A Uebdth(p<0.05). W, 5Lt
(Fig. 2). AAIEAC] neutrophil >1%/total cell 7]&2] A 5+4
e - ' P—3 af
PTG a8 Tgure BTy gt !
" g :'l‘ : l"‘% ~ A&l f" "
. ¥ & ) =29 o ~ - .’ .
.“‘“‘ ol {'\'-‘. q Q““O-, !'
N S o AN R 1% .7
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|l .‘- _‘“2-; “‘B h‘ '! ‘ C J

Fig. 1. Hematoxlyn and eosin (H&E), human neutrophil elastase (HNE), myeloperoxidase (MPO) staining in nasal polyp. Neutrophlls
showing multilobed nucleus with cytoplasmic granules (circles). A: H&E staining of nasal polyp x400. B: HNE staining of nasal polyp
x400. C: MPO staining of nasal polyp x400 with unspecific stained macrophage (arrows).
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Fig. 2. Correlation graph between three stain methods. A: Correlation of hematoxylin and eosin (H&E) verses human neutrophil elastase
(HNE) stain (p<0.001, r=0.56). B: Correlation of H&E verses myeloperoxidase (MPO) (p=0.046, r=0.139). C: Correlation of HNE verses

MPO (p<0.001, r=0.330).
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Table 2. Mean neutrophil count and group distribution change
due to three staining methods

Group Stain
H&E HNE MPO

Total (n=207)

Mean+SD 18.01+35.20 39.36+£68.10 138.14£155.61
Neutrophilic polyp (>20/HPF)

n (%) 47 (22.7) 56 (27.1) 117 (56.5)

Mean+SD 61.03+56.81 135.68+65.80 240.93+33.86
Non-neutrophilic polyp

n (%) 160 (77.3) 151 (72.9) 90 (43.5)

Mean+SD 5.29+5.24 4.31+£2.54 4.49+3.02

H&E, hematoxylin and eosin; HNE, human neutrophil elastase;
MPO, myeloperoxidase; SD, standard deviation

Table 3. Group distribution change in different grouping criteria
using HNE staining

Neutrophil Neutrophil
Grouping criteria >20/HPF >1%/total cell
(n=207) (n=207)
Neutrophilic polyp 56 (27.1) 94 (45.4)
Non-neutrophilic polyp 151 (72.9) 113 (54.6)

Values are presented as n (%). HNE, human neutrophil elastase

H|-8-F3} H|SFA] H-8-F Atolo] L-K score delta 412
Felu]gk Afol= Hol x| eFokth(p>0.05) (Fig. 3).

35T HEFY e A T HEF AL
L-K score®llA] polypits L

4 At 9] vl-8-F &S Kaplan-Meier estimation
o2 vjud 39, HNE G A8k neutrophil =20/
HPF 7|04 2513 H-§-F v|251/d H-E-F {toll
G-2Ju]st 8% AerL-(polyp recurrence free rate)2] x}o]7k
UATHp<0.05). 5Lz AMRI] neutrophil >1%/total cell
7129 Aol s HlEE vlEE vle-Et
of & ALES] Folnlgt Zpol7t HolA] ¢k dth(p<0.05)
(Fig. 4. = 7H] &7 S A= vlwstels of 44 1
oL A O neutrophil >20/HPF2] % £ o Ka-
plan-Meier estimationo|A] &5 A4 H|-&F0] H|sZ14

Hl o] ul3) Argo] ot Mol ZaFAe] Lekteh

&t polyp scoreE 7HA L

THy B5EEE2 2A] FE3 (phenotype) 2t WA E (en-
dotype) & & -FE3F 4= glom, WA o= FHPe Wk A+
7} st HegElo] ik BEE- WA BlEElEH
ARES YelYi= Ao 2 7hast YAl B, g9 4

h=

o o
i

Clinical Characteristics of Chronic Rhinosinusitis 1 Kim H, et al.

k%

6 — [
O 4 o 4 A
9] o)
2 3
X X
o o
< 21 < 2 4

0 T 1 0 T 1
A NP Non-NP B NP Non-NP

Fig. 3. Comparison of Lund-Kennedy (L-K) score, pre op-post op
(A) between two definition neutrophil groups. A: AL-K score; com-
parison between neutrophil polyp and non-neutrophil polyp in the
definition of 220 neutrophils/HPF (p=0.012). B: AL-K score; com-
parison between neutrophil polyp and non-neutrophil polyp in the
definition of 21% neutrophils/total cell (p>0.05). NP, neutrophilic
polyp; AL-K score, pre op- post op L-K score.

A, W RS B3 g5 B4 47, obATY B,
FHART B 4T DN REE, A e
g 5o HUEPS PEIE 2 W) BAGS T
B AWOZE B N2 W B o5t e 4
glo] BAYS FHAE AL uRFYY Fag WG B
Aolgl). B3] HlG5- FUI HIEIEA] A9 A
o 2 ) ¢kl A2 o] Fol= FHe AMS S Ao &
24 glo] FRAYOIAIE 1§ e] Fuk §57} vl

el &4 ARTE o] FARAY, ofuRt Fpoll= of
A #ad 5o 22 S she Hole

Bl&-Fofl thet 1
TFEohe WA -2 o] dAle F E5& 7HIAL 7

STt

S

of ofrJofRle] A9 Ha B ulx]= 20 2 YAl 9)ck
Kim 57¢] ¢17to] w2 2

HFeE SRRbtol| A Akt Bl-8-F0] 50.9% 5 Ve L
W2 ARleFE v SAREA B18-F 0 2 YERLTh Zhang
570 w2 v A BlgEo] A9 BlEER20 55
T AR vt mrebglon ol Wil e R
ek AeFR1] B-§-Fat Apol7} vz Holekar WEEstel e
, oo Tkeda §'°-& TAMA] H|E-F3} §17 ofrlolqlof A
SE5TA HlEF0 V&GS Ayt IFA BlEEY
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Polyp recurrence free rate
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Fig. 4. Polyp recurrence free rate in two different definition neutrophil groups using Kaplan-Meier graph. A: Polyp recurrence free rate in
NP and non-NP group defined by 220 neutrophils/HPF (p>0.05). B: Polyp recurrence free rate in NP and non-NP group defined by 21%

neutrophils/HPF (p>0.05). NP, neutrophilic polyp; F/u, follow-up.

4915 H&E F41& gt AFjol| 4] neutrophil >20/HPFE 7]
O = Slotk oY TFA H]E-F2 ofAloRRIolA
2 BB AAet= HlEFO R oA AtEo S5
T HlgFo] HlaFd vlEFol vlsl A=t & =R o
31 AEro] 2k 4= Qli= @A) E 4= 9lgo] A Hiek”
2 Ate A HETe 2T ERE YA T ¢
e FHE 3] sl 21S AGHE Al 1] SEfol=R
o] 7S H&E, HNE, MPO Al| 72 ¢gMste] 5%
9] 78425 HPF (x400)0ll4] Alo] Bkeh H&E A42] 7
9 7Hg 7|Eo] Hi= GO R thE W2 =EoA = gat
11 Q= FAo|tt” ek Flo] fa & dEA = U

O X9k TAES} 35410 JhEko] SQbe 2} o] FolA F9]
2ol o 97t wol Uehyith MPO9| Z9-oll= &
S Ao B FREo] Aol 2 E|Ql ot HNES] H|aL
5ko] macrophage”7IA| H|Eo]H o2 TGMo| o] R0 =
o] YeERYtHFig. 1). Correlation 12|25 Hws)] Rt

< W= MPO29} B s th2 FMYE2 AAIS7H A4
© =2 wekon(Fig. 2), Al 7}11 A e g 359
N4 GAl MPO7} €53] -2 5215 Hof(Table 1) A=
MPO7} #H]| Hléol;ﬂﬂi 5T GQAE st o R
A7 4= Ql9it) %L SAML macrophagedl= H%F 1+
ol peroxidaseE 7HA]aL 9o o]3te] MPO7} H|E0]%
o2 Salo] Sofu} HIANEH 2 9l FALO 2 M, ©]9]
AE vfgo 2 g7tsf Hoks wf HNEES ©]8-5k= Zo]
IETE TR ¢ A ARl EaL H|Eo|A falo] A
o] 7}AF A3 JAEH 0 2 AJ7FE| o] AT

SF7 Bl8F9] ool ¥stoli= HNE G = A
E = 4 43 A o)A neutrophil >20/HPFS} neu-
trophil >1%/total cell & 7H& Z-8-3}o] 20742 SR}

84

o

TFE3SFE. o, neutrophil >1%/total cell& 7|2 & 3}
= A% 34 w8l sidets 2HAF ool 5678ellAl
475 0 5 2uff 7h7to] F7¥sHA| E|Sith(Table 3). 0% F 714
95 7|F2=2 AL-K scoreE H|W3}¥ 2™ neutrophil
20/HPF 719 74 3574 H&-F(INP)°| H| 354
H]-8-F(non-NP)of| H]sf 4= M9 LK score®] zFo]7} 4]
Al Uiz AS 2 ERIEY] 25 o]F 57t EFTS A 4
AN (p<0.01), ol= ol TFd H-E&FY E=F 4
T= Uee ofd A4t AytE3 YAske Bt
(Fig. 3).%7% L2 2 Kaplan-Meier estimationS ©]8-3} H]
£ A2 F 7 7Rl ©E S B8-S
H| 25 B8 ZF fojuleh 2bol7t VrebbA] FQkAIRE,
neutrophil >20/HPF 7|£8] 73%- & © 2574 H&F9
& F Aol 2 Yeh= A4S HthFig. 4). °l&
Higo 2 AZe) & o] = 7}X|2] 7] 3 neutrophil >20/
HPFQ] 7|0 & o% o574 HlEFY Y 9%
ZH Uefljo] S=a1 Qlo] 7129 el FitE = AnE an
th neutrophil >1%/total cell®] H-$ &&= 7|54E Ao
= 2 Qolle HA| AlxZ =5 w2 A SoF 5t Sefol

R

\O

%
>

ColA 7P 35 REVF FHES XS 12 AY o
Al AEALe] 3] ol 4 4= Qlof 254 HIEFY| &

=
& Agelen Saske wo R Az,
2 e Z AR e H-8-F) A9 neutrophil &

Aol chek A7 AE 0%, Hee Qe HNE
S o8 % 25 Bl8-FE =20/HPFR Ao}

5 g50] ul5FTA Ul
5 a4 o794 A Vs 5 51
A==k 6]-?(]{ A9 cell count= AAF 19go]
= ZI34%|o] cell count®] Fe=7t Hold 4= glom, TAL



o]
etgol ol 4 ek 554 W15 ol ot A7
= 27 s A 202 obKoRI|AE 50% 71k i
AT 4 o BATA gl it 1eiv} o] o]Folal
A A7k ohek. ukebd HNE @APH3} neutrophil =
20/HPFQ] 7|28 7HX|1 AL 81222 oAt 8l 2
& BRato] ole] w2 ArRAel that 37H4el A7t B
T E 2 oA

Agdow @%owh RITY B v
e E s

H&E, HNE, MPO Al 7FA] |45 & HNE®] 4%, 5%
T EolF o2 gajo] o]FolF om TFuk A0 7 AN
o] Elo] AJQlIAJo] A UElgth 354 HlE5e Ho=
37| neutrophil >20/HPF, neutrophil >1%/total cell &
7HA7} 9l neutrophil >20/HPFE AHJS w] 535
d HlgFo] HEF A HEFol vlEl =& o]F %7t
A 2 7129 A ANEE TEt] Y F A

7HA| 3L

> oty
]

Acknowledgments

This research was supported by the Basic Science Research Pro-
gram through the National Research Foundation of Korea (NRF),
funded by the Ministry of Education [2021R111A1A01052298]. This
research was supported by a grant of the Korea Health Technology
R&D Project through the Korea Health Industry Development Insti-
tute (KHIDI), funded by the Ministry of Health & Welfare, Repub-
lic of Korea (grant number: HI22C0612).

This research was also supported by the Bio&Medical Technolo-
gy Development Program of the National Research Foundation
(NRF) funded by the Korean government (MSIT) (RS-2023-
00220408).

This research was supported by Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded by
the Ministry of Science, ICT & Future Planning (2020R1A2C1012105).

Author Contribution

Conceptualization: Ji-Hun Mo. Data curation: Kwang Hyun Byun.
Formal analysis: Kwang Hyun Byun. Funding acquisition: Shin
Hyuk Yoo, Ji-Hun Mo. Investigation: Hyoyeon Kim, Shin Hyuk Yoo.
Methodology: Shin Hyuk Yoo, Ji-Hun Mo. Project administration:
Shin Hyuk Yoo, Ji-Hun Mo. Resources: Shin Hyuk Yoo, Ji-Hun Mo.
Software: Shin Hyuk Yoo, Ji-Hun Mo. Supervision: Shin Hyuk Yoo,
Ji-Hun Mo. Validation: Shin Hyuk Yoo, Ji-Hun Mo. Visualization:
Hyoyeon Kim, Shin Hyuk Yoo, Ji-Hun Mo. Writing—original draft:
Kwang Hyun Byun, Shin Hyuk Yoo. Writing—review & editing:
Shin Hyuk Yoo, Ji-Hun Mo.

Clinical Characteristics of Chronic Rhinosinusitis 1 Kim H, et al.

ORCIDs
Hyoyeon Kim https://orcid.org/0000-0002-4653-0387
Shin Hyuk Yoo https://orcid.org/0000-0002-5083-8720

Kwang Hyun Byun https://orcid.org/0000-0002-5076-6026
Ji-Hun Mo https://orcid.org/0000-0003-1331-364X

REFERENCES

1) Cho SH, Bachert C, Lockey RF. Chronic rhinosinusitis phenotypes:
An approach to better medical care for chronic rhinosinusitis. J
Allergy Clin Immunol Pract 2016;4(4):639-42.

2) Akdis CA, Bachert C, Cingi C, Dykewicz MS, Hellings PW,
Naclerio RM, et al. Endotypes and phenotypes of chronic
rhinosinusitis: A PRACTALL document of the European Academy
of Allergy and Clinical Immunology and the American Academy
of Allergy, Asthma & Immunology. J Allergy Clin Immunol
2013;131(6):1479-90.

3) Van Crombruggen K, Zhang N, Gevaert P, Tomassen P, Bachert C.
Pathogenesis of chronic rhinosinusitis: Inflammation. J Allergy
Clin Immunol 2011;128(4):728-32.

4) Polzehl D, Moeller P, Riechelmann H, Perner S. Distinct features
of chronic rhinosinusitis with and without nasal polyps. Allergy
2006;61(11):1275-9.

5) Cao PP, Li HB, Wang BF, Wang SB, You XJ, Cui YH, et al. Distinct
immunopathologic characteristics of various types of chronic
rhinosinusitis in adult Chinese. J Allergy Clin Immunol 2009;
124(3):478-84.52

6) Kim DK, Eun KM, Kim MK, Cho D, Han SA, Han SY, et al.
Comparison between signature cytokines of nasal tissues in
subtypes of chronic rhinosinusitis. Allergy Asthma Immunol Res
2019;11(2):201-11.

7) Elhini A, Abdelwahab S, Ikeda K. Thl and Th2 cell population in
chronic ethmoidal rhinosinusitis: A chemokine receptor assay.
Laryngoscope 2005;115(7):1272-7.

8) Suzuki H, Takahashi Y, Wataya H, lkeda K, Nakabayashi S,
Shimomura A, et al. Mechanism of neutrophil recruitment induced
by IL-8 in chronic sinusitis. J Allergy Clin Immunol 1996;98(3):
659-70.

9) Kountakis SE, Arango P, Bradley D, Wade ZK, Borish L. Molecular
and cellular staging for the severity of chronic rhinosinusitis.
Laryngoscope 2004;114(11):1895-905.

10) Vlaminck S, Vauterin T, Hellings PW, Jorissen M, Acke F, Van
Cauwenberge P, et al. The importance of local eosinophilia in the
surgical outcome of chronic rhinosinusitis: A 3-year prospective
observational study. Am J Rhinol Allergy 2014;28(3):260-4.

11) Van Zele T, Holtappels G, Gevaert P, Bachert C. Differences in
initial immunoprofiles between recurrent and nonrecurrent chronic
rhinosinusitis with nasal polyps. Am J Rhinol Allergy 2014;28(3):
192-8.

12) Wang J, MacKenzie JD, Ramachandran R, Chen DZ. Identifying
neutrophils in H&E staining histology tissue images. Med Image
Comput Comput Assist Interv 2014;17(Pt 1):73-80.

13) Kim DK, Kim JY, Han YE, Kim JK, Lim HS, Eun KM, et al.
Elastase-positive neutrophils are associated with refractoriness of
chronic rhinosinusitis with nasal polyps in an Asian population.
Allergy Asthma Immunol Res 2020;12(1):42-55.

14) Kramps JA, van der Valk P, van der Sandt MM, Lindeman J,
Meijer CJ. Elastase as a marker for neutrophilic myeloid cells. J
Histochem Cytochem 1984;32(4):389-94.

15) Boettcher M, Esser M, Trah J, Klohs S, Mokhaberi N, Wenskus J,
et al. Markers of neutrophil activation and extracellular traps
formation are predictive of appendicitis in mice and humans: A
pilot study. Sci Rep 2020;10(1):18240.

www.kjorl.org 85



Korean J Otorhinolaryngol-Head Neck Surg 1 2024,67(2):79-86

16) Ikeda K, Shiozawa A, Ono N, Kusunoki T, Hirotsu M, Homma H,
et al. Subclassification of chronic rhinosinusitis with nasal polyp
based on eosinophil and neutrophil. Laryngoscope 2013;123(11):
E1-9.

17) Lund VJ, Kennedy DW. Staging for rhinosinusitis. Otolaryngol
Head Neck Surg 1997;117(3 Pt 2):S35-40.

18) Hellings PW, Borrelli D, Pietikainen S, Agache I, Akdis C, Bachert
C, et al. European summit on the prevention and self-management
of chronic respiratory diseases: Report of the European Union
Parliament Summit (29 March 2017). Clin Transl Allergy 2017;7:49.

19) Jobran A, Sultan B, Alotaibi AE, Asiri AY, Alhayyani RM,
Almanie NI. Nasal polyps and its histo-pathological evaluation.
Egypt ] Hosp Med 2018;70(11):2022-4.

20) Bachert C, Zhang L, Gevaert P. Current and future treatment options
for adult chronic rhinosinusitis: Focus on nasal polyposis. J Allergy
Clin Immunol 2015;136(6):1431-40.

21) Wang X, Zhang N, Bo M, Holtappels G, Zheng M, Lou H, et al.
Diversity of TH cytokine profiles in patients with chronic
rhinosinusitis: A multicenter study in Europe, Asia, and Oceania. J
Allergy Clin Immunol 2016;138(5):1344-53.

86

22) Zhang N, Van Zele T, Perez-Novo C, Van Bruaene N, Holtappels G,
DeRuyck N, et al. Different types of T-effector cells orchestrate
mucosal inflammation in chronic sinus disease. J Allergy Clin
Immunol 2008;122(5):961-8.

23) Wen W, Liu W, Zhang L, Bai J, Fan Y, Xia W, et al. Increased
neutrophilia in nasal polyps reduces the response to oral
corticosteroid therapy. J Allergy Clin Immunol 2012;129(6):1522-
8.ES.

24) Wang H, Li ZY, Jiang WX, Liao B, Zhai GT, Wang N, et al. The
activation and function of IL-36y in neutrophilic inflammation in
chronic rhinosinusitis. J Allergy Clin Immunol 2018;141(5):1646-
58.

25) Ryu G, Kim DK, Dhong HJ, Eun KM, Lee KE, Kong IG, et al.
Immunological characteristics in refractory chronic rhinosinusitis
with nasal polyps undergoing revision surgeries. Allergy Asthma
Immunol Res 2019;11(5):664-76.

26) Kim DK, Kang SI, Kong IG, Cho YH, Song SK, Hyun SJ, et al.
Two-track medical treatment strategy according to the clinical
scoring system for chronic rhinosinusitis. Allergy Asthma Immunol
Res 2018;10(5):490-502.



