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Expression of Rb in Human Middle Ear Cholesteatoma

Soo-Yeun Park” - Dong Wook Lee

Department of Anatomy,* College of Medicine, Ewha Womans University,
Department of Otorhinolaryngology, College of Medicine, Chungbuk National University

=-3218=

FolAFFoA Rb whalae] 2

QEERE PR PR R

oo

25719 PPY WBE T|AdT, & A7E A
2 FIAE Ao Yeld gt RbSl ZHRAHuFS
Y ¥R AETA FOIU0R $E AR Y

] P
e AF

5 Z 499 AgEAF RRAAd B &
P ARAEY 54, 28 L AE AFEE o]FolAE Al
XPﬁ/\P(apoptsm) 9 A E 279 Aol 293 9%k

RURAARRACCL R it

29k Bt 10919) FE Asiel 94 A 2

2o uizA 5498 thatoE Rboll gk Western blot analysisE A]?@K}&ijl, o] AFE ZFZ 649
9} A H3lE 23] 49004 Rb2 T S BH2AFEE HALE Flo] ATk

H 1} : Western blot analysis A& 7F-ElARATE

ZTo® ARE AN FRzH s 59 F 1990

% 4 olxs 106 F 9¢ielA Rb7t 2E=AT o

3 8-S Bich BAEASEE ZALelA

FHEAARFE eI Rb P9 3] A7t vk vtk el WA BEshn gt o) B2
I93 R B FEE P4 Yol miste] Z71Elo] YTk W B¢ P Rb Y A4
AZE viEFolT $Ea0R #avgl 1 e FEE A5F sl vlsel Zaslo) gtk
ot FAHCR felstich olyel Ao Ro7t ALUANTE Aslold wgYHoE I B

WEE E.“"?"" T A3k

T E:0FEY o8 549 4% AZY 354 AR SoHEse ALY AT
9 o Hlm}“* 232 ol Sig Aoz AAsIglon AENEAR U AE F719) 20

Introduction

Human middle ear cholesteatoma has a characteristics
of hyperproliferation and hyperkeratinization of the epi-
thelium. This phenomenon is due to disturbance of the
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cell cycle in epithelial homeostasis”. Tissue homeostasis
require regulatory co-ordination between cellular pr-
oliferation and apoptosis. Apoptosis is a process of
programmed cell death that plays an important role in
physiological processes such as immune- and nervous-
system development, and contributes to defense mec-
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hanism important for the prevention of infectious illness
and cancer”. The co-ordinated structural changes that
make up the process of apoptosis are driven by a set of
molecular interactions, called the terminal effector events.
It is known that most, if not all, living cells contain the
molecules that participate in these evens, but in a form
that requires activation. The process of death is the result
of an interaction between initiating stimuli and factors
that determine the susceptibility of the cell to activation
of the terminal events”.

Apoptosis is a genetically controlled process and genes
important for the regulation of apoptosis have recently
bene identified. Myc, bax, or retinoblastoma genes are
known to be concemned in the transcription of DNA in
cell cycle‘”. Among these, the retinoblastoma gene was
identified over a decade ago as the first tumor suppressor.
Although the gene was initially cloned as a result of its
frequent mutation in the rare pediatric eye tumor, retino-
blastoma®, it is now thought to play a fundamental role
in cellular regulation. The retinoblastoma gene encodes

control, four normal skin samples were obtained from
the postauricular area in the above-mentioned cholestea-
toma patients during surgery, and one normal skin sample
in the neck was harvested from a patient at the time of
surgery for submandibular gland. Another six human
cholesteatoma specimens and four normal postauricular
skin samples were used for the immunochistochemistry.

2. Immunohistochemistry

The specimens were fixed in a 10% buffered formalin
solution for 12hours, subjected to dehydration and pa-
raffin embedding, and sliced into 4 #m sections. After
deparaffinization and washing, endogenous peroxidase of
the sections were inhibited with a methanolic solution of
0.3% H,0, and washed with phosphate buffered solut-
ion (10mM, pH 7.4) for Sminutes. After rehydration with
ethanol, the slide was microwaved for 15minutes with
antigen retricval solution (DAKO chemo., Glostrup, De-
nmark) . After rinsing in 10mM PBS for Sminutes, the
slide was treated with blocking antibody at room tem-

a 928-amino acid phosphoprotein, Rb, which arrests cells
in the G1 phase”. Rb is phosphorylated and dephosph-
orylated during the cell cycle. The hyperphosphorylated
(inactive) form predominates in proliferating cells, wh-
ereas the hypophosphorylated (active) form is generally
more abundant in quiescent or differentiating cells®, The
hyperphosphorylated Rb is known to make complex with
E2F in early Gl stage and suppress the processing of
apoptosisq ),

So far few reports have investigated the expression of
Rb in human middle ear cholesteatoma epithelium, and
this study was designed to identify the expression of Rb
in cholesteatoma by western blot analysis and immuno-
histochemistry.

Materials and Methods

1. Tissue specimens

For western blot analysis, tissue specimens of choles-
teatoma epithelium were obtained from ten adult patients
at the time of surgery for cholesteatoma performed at
Chungbuk National University Hospital, Cheongju, dur-
ing the period from April 1999 through April 2000. As a

perature-to-reduce-non-specific-antibedy-binding—Then-
the section was incubated for 60minutes at 25°C with
monoclonal mouse anti-human-Rb(Novocastra, Newca-
stle, UK). This primary antibody was used in dilution of
1 : 20. After being washed throughly with PBS, the
slide was reacted with UltraTek Anti-polyvalent(DAKO
Chem., Glostrup, Denmark) for 10minutes. After wash-
ing with PBS, the slide was visualized with 3-amino-9-
ethylcabazole chromogenic substrate (ScyTek, Logan,
USA). Finally, the section was lightly counterstained
with hematoxylin.

Percentage of labelled cells : Under microscopic ob-
servation at magnification X400, 500 cells per visual
field in five visual fields were inspected. The percentage
of positive cells in the 500 cells was calculated, and the
results were expressed in terms of mean=x SD. The dif-
ferences in mean values between cholesteatoma speci-
mens and normal skin samples were tested by Wilco-
xon’s test, and a difference at a P value of 0.05 or smaller
was defined as statistically significant.

3. Western blot analysis
Frozen tissues were thawed in homogenization buffer
(50-mmol TRIS-HCL, pH 7.6, 100 # g/fml phenylme-
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thysulfonyl chloride) . Then tissue was homogenized by
sonication using ultrasonic homogenizer (Sonicator, B.
Braun 2000, USA). The tissue homogenates were cen-
trifuged at 12,000rpm for 30minutes at room temperature,
and the resultant supernatants were collected for im-
munoassay.

Each supernatant involving 20  g/ml protein was mi-
xed with 2X SDS gel-loading buffer (200mM Tris-HCL,
400mM dithiothreitol, 8% SDS, 0.4% bromophenol blue,
40% glycerol), boiled for Sminutes at 100°C, and an-
alyzed by SDS-PAGE using 4% stacking gel and 8%
resolving gel at 3mA for 3hours. Proteins were electro-
phoretically transffered to Immobilon-P transfer mem-
brane (Millipore, Bedford, MA, USA) at 50 V for 2hours,
blocked by PBS involving 0.1% Tween 20 and 3% Skim
milk for 30minutes. After washing, nitrocellulose filters

were incubated with an monoclonal mouse anti-human-

Fig. 1. Rb immunoreactivity in a cholesteatoma spe-
cimen. Diffuse Rb positive cells were observed
in the basal and suprabasal iayers(arrows), and
the expression of Rb was relatively strong com-
pared to the normal skin samples (X 400),

Fig. 2. Rb immunoreactivity in a normal skin sample.
Focal Rb positive keratinocytes (arrow) were ob-
served only in the basal layer and the expres-
sion of Rb was relatively weak compared to the
cholesteatoma epi-thelium (< 400) .

Rb antibody (Novocastra, Newcastle, UK) at 4°C for
overnight. This primary antibody was used at a final
dilution of 1 : 100. The secondary peroxydase labeled
goat anti-mouse IgG antibody (DAKO A/S, Denmark)
was used at a dilution of 1 : 10,000. Immunodetection
was performed using ECS kit (Amersham Life Science,
Buckinghamshir, England) .

Results

1. Immunohistochemistry

Cholesteatoma epithelium showed diffuse Rb positive
cells in the basal and suprabasal layers (Fig. 1). In con-
trast, postauricular skin samples showed focal Rb positive
keratinocytes only in the basal layer (Fig. 2) . Expression
of Rb was relatively strong in the cholesteatoma speci-
mens compared to normal skin samples, and calculated
percentages of the positively stained cells were 4.96% *
1.12 in the basal layer and 3.40%0.92 in the sup-
rabasal layer. In case of the normal postauricular skin
samples, weak staining for Rb was detected in the basal
layer (0.70% 0.21) and suprabasal layer (0.10% £ 0.03)
Their differences were statistically significant.

2. Western blot analysis

Nine of ten human cholesteatoma specimens showed
definite positive bands around 110kDa (Fig. 3). In contr-
ast, only one of five normal skin samples showed definite
expression of Rb (Fig. 4) .

Fig 3. Western blotting for Rb in cholesteatoma spe-
cimens. Nine of ten human cholesteatoma spe-
cimens showed definite positive bands around
110kDa.

i

Fig. 4. Western blotting for Rb in normail skin samples.
Only one of five normal skin samples showed
definite expression of Rb.
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Discussion

Normal epidermis consists of several layers of kera-
tinocytes, but only the keratinocytes in the basal layer
proliferate. These cells then leave this layer and begin to
migrate toward the surface of epidermis. When the kera-
tinocytes reach the granular layer, they enter a destructive
phase in which they begin to lose their organells and, in
the process of differentiation, leave keratin filaments as
the sole cytoplasmic survivors. This programmed cell
death is known as apoptosis, which is a mechanism used
by different tissues to adjust cellular content by suppres-
sing cells that are dysfunctional or no longer necessary

Apoptosis of keratinocytes involves keratinization and
cornification, essential parts of the differentiation pro-
cess. And in case of cholesteatoma, keratin debris abnor-
mally accumulates due to an increased rate of cell death,
driven by the enhanced differentiation of keratinocytes').
Many cytokines and growth factors are known to be

2)10)

(Rb). Cyclin D : Cdk4/Cdk6 complexes associate with
Rb pocket domain and then proceed to hypophosphory-
late Rb in early G1, and likely throughout the entire cell
cycle. hypophosphorylated Rb is active and binds to
transcriptional factor, such as E2Fs. The interaction of
hypophosphorylated Rb with E2F may block the function
of E2F as a transcriptional factor. The initial hyperpho-
sphorylating inactivator of Rb is likely cyclin E : Cdk2
complexes expressed and activated with the passage th-
rough the late Gl restriction point. Hyperphosphory-
lation of Rb results in the dissociation of E2Fs and
subsequent activation of E2F-specific promotors, such
genes required for DNA synthesis. E2F sites are found
in the promoters of many genes that are important for
cell cycle progression. Rb appears to repress transcrip-
tion of these genes through its interaction with E2F, and
hyperphosphorylation of Rb followed by activation of
E2F may play a fundamental role in cell cycle progression
and inhibition of apoptosis'®?2.

Based on the immunoblot assay, the authors of this

localized on keratinocytes in the cpithelium of chole-
steatoma, and it is suggested that they stimulate the
migration, proliferation, and terminal differentiation of
keratinocytes in a concerted fashion. These growth
factors include IL-1, TNF- @, granulocyte-macrophage
colony stimulating factor, EGF, and platelet-derived gro-
wth factor'"'?,

The product of the retinoblastoma gene is a 110kDa
phosphoprotein termed Rb. Rb exists in three general
form : unphosphorylated Rb, present in GO cells and
when Rb is newly synthesized; hypophosphorylated Rb,
present in contact-inhibited cells and in early G1 phase ;
and hyperphosphorylated Rb, that is inactive and present
in late G1, S, G2, and M phases of cycling cells®'™, Thus
in cycling cells, Rb alternates between a hypophosphory-
lated form present in carly G1 to a hyperphosphorylated
form after passage through the restriction point in late
G1 and continued through S, G2, M phases.

Recent studies have pieced together an important G1
phase cell cycle regulatory pathway involving the INK4
kinase inhibitors that negatively regulate complexes of
cyclin D1, D2, and D3 bound to Cdk4 or Cdk6 (referred
to as cyclin D : Cdk4/Cdk6 complexes) that phosphory-
late the retinoblastoma tumor suppressor gene product

study found that Rb was highly expressed in cholestea-
toma epithelium compared to normal epithelium. Because
the immunoblot assay did not demonstrate the sites of
Rb expression, localization of this protein expression was
accomplished by immunohistochemical studies using
anti-Rb antibody. Immunohistochemical studies demon-
strated that Rb staining was relatively strong in the
nuclei of keratinocytes in the basal and suprabasal layers
of cholesteatoma cpithelium. In contrast, Rb was barely
expressed in normal epithelium and it was faintly stained
in the basal and suprabasal layers of the normal epider-
mis. From these results, it was suggested that Rb might
play an important role in abnormal proliferation of kera-
tinocytes, enhanced differentiation, and suppression of
programmed cell death in cholesteatoma epithelium,
which results in the accumulation of keratin debris during
the growth of cholesteatoma.

The authors have formulated that cytokines known to
be concentrated in cholesteatoma epithelium may be in-
volved in the phosphorylation of Rb, and this inactive
form of Rb allows the keratinocytes to proceed through
the cell cycle. However, such relationship of these cyto-
kines to Rb in cholesteatoma epithelium is needed to be
confirmed. Also, this study did not demonstrate whether
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expressed Rb in cholesteatoma was hypophosphorylated
or hyperphosphorylated form, and further investigation
of such issue is needed.
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