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PTHrP participates in the bone destruction of middle
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ABSTRACT

Objective: Progressive bone resorption and destruction is one of the most critical clinical
features of middle ear cholesteatoma, potentially leading to various intracranial and
extracranial complications. However, the mechanisms underlying bone destruction in
middle ear cholesteatoma remain unclear. This study aims to explore the role of parathyroid
hormone-related protein (PTHrP) in bone destruction associated with middle ear
cholesteatoma.

Methods: A total of 25 cholesteatoma specimens and 13 normal external auditory canal
skin specimens were collected from patients with acquired middle ear cholesteatoma.
Immunohistochemical staining was used to detect the expressions of PTHrP, receptor
activator for nuclear factor-kappa B ligand (RANKL), and osteoprotegerin (OPG) in
cholesteatoma and normal tissues. Tartrate-resistant acid phosphatase (TRAP) staining was
used to detect the presence of TRAP positive multi-nucleated macrophages in
cholesteatoma and normal tissues. Mono-nuclear macrophage RAW264.7 cells were
subjected to interventions, divided into a RANKL intervention group and a PTHrP+
RANKL co-intervention group. TRAP staining was used to detect osteoclast formation in
the 2 groups. The mRNA expression levels of osteoclast-related genes, including TRAP,
cathepsin K (C7SK), and nuclear factor of activated T cell cytoplasmic 1 (NFATcl), were
measured using real-time polymerase chain reaction (real-time PCR) after the
interventions. Bone resorption function of osteoclasts was assessed using a bone resorption
pit analysis.

Results: Immunohistochemical staining showed significantly increased expression of
PTHrP and RANKL and decreased expression of OPG in cholesteatoma tissues (all P<
0.05). PTHrP expression was significantly positively correlated with RANKL, the RANKL/
OPG ratio, and negatively correlated with OPG expression (=0.385, r=0.417, r=-0.316, all
P<0.05). Additionally, the expression levels of PTHrP and RANKL were significantly
positively correlated with the degree of bone destruction in cholesteatoma (7=0.413, r=
0.505, both P<0.05). TRAP staining revealed a large number of TRAP-positive cells,

including multi-nucleated osteoclasts with three or more nuclei, in the stroma surrounding
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the cholesteatoma epithelium. After 5 days of RANKL or PTHrP+RANKL co-intervention,
the number of osteoclasts was significantly greater in the PTHrP+RANKL co-intervention
group than that in the RANKL group (P<0.05), with increased mRNA expression levels of
TRAP, CTSK, and NFATel (all P<0.05). Scanning electron microscopy of bone resorption
pits showed that the number (P<0.05) and size of bone resorption pits on bone slices were
significantly greater in the PTHrP+RANKL co-intervention group compared with the
RANKL group.

Conclusion: PTHrP may promote the differentiation of macrophages in the surrounding
stroma of cholesteatoma into osteoclasts through RANKL induction, contributing to bone

destruction in middle ear cholesteatoma.

parathyroid hormone-related protein; middle ear cholesteatoma; receptor activator for

nuclear factor-kappa B ligand; osteoprotegerin; osteoclasts; macrophages
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i, RANKL/OPG HUAH 7T Ji 3l I A 28 e 7 4t i 1
b, TERCE VR & R v 4 S E T . SR,
RANKL/OPG 3 52 U] Ji Sy FISCHE it i 2 i ok i 5
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1.1 ##}
1.1.1 XA

/N 5 A A RAW264.7 41 . 42 IR
AW BRI EERIC A LSBT/ R T TG
br i A M M PE WE BR B (tartrate-resistant acid
phosphatase, TRAP)Y4UE . /NF8 H ¥ AP
YR A ) FEIR DURL el R A% 2R 85 I R
(Dulbecco’s modified eagle medium, DMEM) [ 5%
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H L s AR A FRA ) s B4 RANKL I FH 26
[ R&D Systems 2 w] ; # 41 PTHrP W [ 3£ H
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1.2 ik
1.2.1 mfas ik

RAW264.7 #H Jifi ffi ] DMEM 5¢ 4 15 37 3£ (90%
DMEM+10% FBS+1% 5 £ 5 2 A P0) K5 32 T 37 CH&
5% CO, AN FRAf o 12 RILUL 11k, A
ik 80% LA LR TAEAR
1.2.2 B3R A B 6y i3

Wi Ab F X B KA RAW264.7 410 L 5%10%/mL
R T 6 fLAR . ML 43 RANKL 1t 41 Fl PTHrP+
RANKL H:[F g, RiE 3 MEfL. RANKLA]
£ fL M A 2 mL DMEM 5% 4= K% 3% %& (% 50 ng/mL
RANKL), PTHrP+RANKL H:[a]F#igl A FLAIA 2 mL
DMEM 5¢ 415 77 3 (% 50 ng/mL RANKL, 100 ng/mL
PTHrP), #iJ5 1) 6 FLARTEANAESSE F=A (37 °C, 5%
COAkEEEEFR . S dIUEE AT T /5 2235
123 %I ib e £ &

WA W) R WOGEEAT I . il . kb
SRR, A —¥%i: PTHrP(1:2 000), RANKL(1:
50), OPG(1:50), T4 CF#H LR . H PBS ik
&, IMAZ¥T, F37 CFMHE 30 min; FHPBS vhik
&, TEIMBAR MR ICEE R B0 AR TARM . T = IR
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A, RN MR Eg R, RAPEELE
JEHIA TG #0007 -
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PTHrP+RANKL 6]+ FZL 75 S B 40, 2 4%
ZRWPEEFEER, MATRAPYIK, F37 CTFi#bL
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1.2.5 SEot R A-Bdk RS

R RNA S st @ #R BUREAS B RNA, - i1
B e ek 4L J5 B RNA SU8% 5% cDNA, - 4393l
K H TRAP., %4k T 41 ffd #% A ¥ 1(nuclear factor of
activated T cell cytoplasmic 1, NFATcl), ZHZUEHEFK
(cathepsin K, CTSK) & N Z H i ¥ -3- i R i 0
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
1 S MR S AT SE I SR G B AE SN (real-time
polymerase chain reaction, real-time PCR), 5|4)F 5
WK1, R 2 HBE TG00

&1 5|¥F5
Table 1 Sequences of primers
R4 X 5 H1(5'-3")

TRAP F: TGTGGCCATCTTTATGCT

R: GTCATTTCTTTGGGGCTT

F: GAGACCGAGAGGCTCCGAAC
R: CCTCTCCTTTGCCGACACG
CTSK F: GCACCCTTAGTCTTCCGCTC
R: ACCCACATCCTGCTGTTGAG
F: ACAGCAACAGGGTGGTGGAC
R: TTTGAGGGTGCAGCGAACTT

NFATcl

GAPDH

1.2.6 BB S =5

INAE R R KR A BT 96 fL Y, KAk T
SRR K RAW264.7 40 4280 T 96 FLAR , 41t
/% i RANKL 4 Fil PTHrP+RANKL 2k @] - i 40 .
RANKL 2H 45 fL Il A 100 pL DMEM 58 4> 5% 35 & (&%
50 ng/mL RANKL), PTHrP+RANKL 3 ] i 2H 55 L
Jim A 100 uL DMEM 58 4 $%5 % 3 (& 50 ng/mL
RANKL, 100 ng/mL PTHrP), T35 6 KuHHH /N
R, MRR&EWYE. BE . SBEBK . BEER S EE
SEFR . CO,Im Tt 0 . BRI, FEF G T Mgt
FREKNR . WS R E WIS FE A H . R
DA B B AR R SR W WA AT 555

1.3 Zit=24bE
K H SPSS 26.0 G i # A4 X B 94T 45 1 it
TR ORI B bR EE TR, RIS FEA (K 5

©Journal of Central South University (Medical Science). All rights reserved.



PTHrP {23k RANKL i S EWE AN A0 0 B A 2 5 h AR R 85I, 45 659

K F Spearman A ¢ 43 #7243 #f PTHrP . RANKL Fl
OPG 3 F 5 11 J5i 5 rp HJE R 88 1 e R A B A G
P<0.05 FZEFA G FE X

24 B

2.1 PTHrP, RANKL % OPG 7= EREfSEEA A i
FRiER S BWFRENEXE

BREHL EER (K DR 5IEHANEIE
JRZHZUR I, PTHIP, RANKL 76 HH S5 b pz 4
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KA (P<0.05). [HIEF, RANKL/OPG L {1 i 25 1 v

(P<0.05, #2), fErPEHJEIE F 444, PTHrP
7%k 5 RANKL £ 5 2 1EAHC(=0.385, P=0.017),
5 RANKL/OPG L fH £ i 3 IF H 3¢ (=0.417, P=
0.009), 5 OPG % It & i 41 X (=-0.316, P=0.026),
M RANKL 5 OPG G i # #H ¢ P (=-0.062, P=
0.711; A 2)o

Spearman A ¢ /3 AT 45 R k7R . PTHrP 5 H H-JIH
JI TR () B B DR R E 2t W 3 TE AR DG (=0.413, P<0.05);
RANKL 55 ‘8 fil IR B2 B 5t 3% 1F 4 5€ 7=0.505, P<
0.05); RANKL/OPG HUEZR 5 H MR B 42t 25 1E AR
K(r=0.495, P<0.05); OPG NGNS rhH ARG
B BRI E AR (=-0.305, P=0.138; 3).

1 REHE 1—[’.:,;7{%@1- PTHrP, RANKL, OPGTEFEHEEHFHEMI\E EIEH ERAR R HRIE
Figure 1 Expressions of PTHrP, RANKL, and OPG in the middle ear cholesteatoma and normal skin tissues of the external

auditory canal by immunohistochemical staining

A and B: Expression of PTHrP in the middle ear cholesteatoma tissues with the magnification of 100 (A) and 400 (B); C and D:
Expression of PTHrP in the normal skin tissues with the magnification of 100 (C) and 400 (D); E and F: Expression of RANKL in
the middle ear cholesteatoma tissues with the magnification of 100 (E) and 400 (F); G and H: Expression of RANKL in the normal

skin tissues with the magnification of 100 (G) and 400 (H); I and J: Expression of OPG in the middle ear cholesteatoma tissues with
the magnification of 100 (I) and 400 (J); K and L: Expression of OPG in the normal skin tissues with the magnification of 100 (K)
and 400 (L). PTHrP: Parathyroid hormone-related protein; RANKL: Receptor activator for nuclear factor-kappa B ligand; OPG:

Osteoprotegerin.
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2 PEAEAEEFINEEE S EKELS F PTHrP. RANKL #10PG EAMRIL
Table 2 Expressions of PTHrP, RANKL, and OPG proteins in middle ear cholesteatoma and normal skin tissues of the

external ear canal

AR e n PTHrP RANKL OPG RANKL/OPG
rh H B8R 25 0.05440.017 0.04240.017 0.029+0.011 1.570+0.805
1R ANEE R iR 13 0.027+0.009 0.020+0.010 0.039+0.013 0.545+0.217
t 5.435 4.242 -2.386 4.478
P <0.001 <0.001 0.022 <0.001
PTHrP: HURFHIREEAKEH; RANKL: BT «B2Z AL FEA; OPG: &£,
. 0.070 |
0.060 | e 7 a B 0.060 | '
T 0.050 F
4 0.040 F . e, — .
Z - O 0.040F T e
R - ARy .
2 0.020F— .. .t . 0.030 . e \.'\'\r\,\‘ .
. : 0.020 | * e L et TS
(U 1 1 1 1 1 1 (Ul 1 1 1 1 1 1
0 0.020 0.040 0.060 0.080 0.100 0 0.020 0.040 0.060 0.080 0.100
PTHrP A PTHrP B
4.000 F 0.070 |
0.060
3.000 | .
© . 0.050 | .
€ 2000F . te e oo040f C o
M -/// S L .7 . e
z N Lo IR . © 0.030f F oA
< 1.000F .« ; . .
> Pl UL 0.020 | . R
(= 1 1 1 1 1 1 (= 1 1 1 1
0 0.020 0.040 0.060 0.080 0.100 0 0.020 0.040 0.060
PTHrP (& RANKL D

B2 HEEEEALAFPTHP, RANKL, OPGEHARFRXKFZEAIHEXE

Figure 2 Correlation between the expression levels of PTHrP, RANKL, and OPG proteins in middle ear cholesteatoma
tissues

A: Expression of PTHrP is positively correlated with RANKL. B: Expression of PTHrP is negatively correlated with OPG. C:
Expression of PTHrP is positively correlated with the ratio of RANKL to OPG. D: No significant correlation between RANKL and
OPG is observed. PTHrP: Parathyroid hormone-related protein; RANKL: Receptor activator for nuclear factor-kappa B ligand;
OPG: Osteoprotegerin.

%3 PTHrP. RANKL#1OPG &ix % PTHrP/OPG L5 F B ESE B IR R BRI X1
Table 3 Correlation of PTHrP, RANKL, and OPG expressions and PTHrP/OPG ratio with the degree of bone resorption in

middle ear cholesteatoma

i BRI S

A r P
0 1 2 3

PTHrP 0 0.045+0.014 0.044+0.008 0.060+0.017 0.413 0.040

RANKL 0 0.029+£0.010 0.046+0.015 0.045+0.017 0.505 0.010

OPG 0 0.038+0.010 0.032+0.014 0.026+0.008 -0.305 0.138

RANKL/OPG 0 0.821+0.434 1.548+0.562 1.809+0.823 0.495 0.012

PTHrP: HURSFIRMERANICHE T RANKL: #H T «B 2 MG TR OPG: HIRY .
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N5 1) 200 it A% %5 =3 A4 19 TRAP FH A 20 ffa (1 3A
3B); IMFESNHE IR Kk, R LW & TRAP FHAE
AL, HIAR R B M A% A >3 1 TRAP FHPE4H
ML 3C FI3D) R T IE 8 B2 R A A 4 85 1 240
FEE, ARG T4 HT

2.3 RANKL F i 42 #1 PTHrP+RANKL #t 5 F 7 4H
AR B 4 A b 4

RAW264.7 4l Jifd 43 %I & J§ RANKL F1 PTHrP+
RANKL 1 il 5 d J5, TRAP 4t (& 6 I 45 5 R
RANKL F#i4H (€ 4A F114B) . PTHrP+RANKL 3L [A]F
T2 (5] 4C F1 4D) 45 Z2 4% (23 1) A9 TRAP PHM: 4 Jif
(P21 (0) ROt i3 4B TE A . PTHrP+RANKL H: [] 7
ZH R H A0 i B A RANKL T 79 4 35 48 i (P<
0.05, [K4E),

El3 hEBEEANERIEE KIKASNH TRAPEE

Figure 3 TRAP staining of middle ear cholesteatoma tissues and normal skin tissues of external auditory canal

A and B: Osteoclasts in middle ear cholesteatoma tissues with the magnification of 100 (A) and 400 (B); C and D: No osteoclasts in

normal skin tissue of the external auditory canal with the magnification of 100 (C) and 400 (D). TRAP: Tartrate-resistant acid

phosphatase.

24 HBMMEXER TRAP, CTSK 1 NFATcI #Y
mRNA &£

RAW264.7 40 i 53 %I & J§ RANKL F1 PTHrP+
RANKL i 5 d 5, real-time PCR & ] 4% - i 7

PTHrP+RANKL H: [7] + il 2H 48 fifd vp TRAP. CTSK F
NFATel () mRNA 35 7KF- 8 RANKL + Fi 4 34 . 3%

THE (3 P<0.05, &5),
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Number of osteoclasts

e : i ' N & D
B4 TRAP# & RANKL FHi4. PTHrP+RANKL 3 [E T B B AR
Figure 4 Osteoclast formation in the RANKL intervention group and the PTHrP+RANKL co-intervention group
determined by TRAP staining

A and B: Osteoclast formation in the RANKL intervention group with the magnification of 100 (A) and 200 (B); C and D:
Osteoclast formation in the PTHrP+RANKL co-intervention group with the magnification of 100 (C) and 200 (D); E: Comparison of
the number of osteoclasts between the PTHrP+RANKL co-intervention group and the RANKL intervention group (n=3). Data are
expressed as meantstandard deviation, *P<0.05. TRAP: Tartrate-resistant acid phosphatase; PTHrP: Parathyroid hormone-related
protein; RANKL: Receptor activator for nuclear factor-kappa B ligand.

3 Bl RANKL
— 3 =0 RANKLAPTHrP

Relative expression of mRNA

0
TRAP CTSK NFATcl

5 RANKL F#iZH. PTHrP+RANKL 3 [FFFA 5 S 4 HH X EE mRNA RiE(n=3)

Figure 5 mRNA expressions of osteoclast-related genes in the RANKL intervention group and the PTHrP+RANKL co-
intervention group (n=3)

mRNA expressions of TRAP, CTSK, and NFATcl significantly increased in the PTHrP+RANKL co-intervention group. Data are
expressed as meantstandard deviation, *P<0.05, **P<0.01, ***P<0.001. PTHrP: Parathyroid hormone-related protein; RANKL:
Receptor activator for nuclear factor-kappa B ligand; TRAP: Tartrate-resistant acid phosphatase; CTSK: Cathepsin K; NFATcI:
Nuclear factor of activated T cell cytoplasmic 1.
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Figure 6 Bone resorption function of osteoclasts in the RANKL intervention group and the PTHrP+RANKL co-intervention

group

A-C: Bone resorption lacunae in the RANKL intervention group under the electron microscope with the magnification of 1 000 (A),

2 000 (B), and 4 000 (C); D—F: Bone resorption lacunae in the PTHrP+RANKL co-intervention group under the electron microscope
with the magnification of 1 000 (D), 2 000 (E), and 4 000 (F); G: Number of bone resorption lacunae in the PTHrP+RANKL co-

intervention group is significantly higher than that in the RANKL intervention group (n=3). Data are expressed as mean+standard

deviation, *P<0.05. PTHrP: Parathyroid hormone-related protein; RANKL: Receptor activator for nuclear factor-kappa B ligand.
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