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POMC expression of the urothelium
of the urinary bladder of mice
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M Kemal Ozbilgin,' Caner Aktas,2 Merve Temel,' Tuna Onal,’
Elgin Tiirkoz Uluer,' H Seda Vatansever!'? and Cengiz Kurtman*

Abstract

Objective: Patients who have had pelvic radiotherapy as part of their cancer therapy may develop subsequent urinary
bladder injury. The acute changes that the urothelium undergo after radiation are known, but the healing mechanism of
the urothelium of the urinary bladder after pelvic radiotherapy is not clearly understood. Proopiomelanocortin (POMC)
peptides, which have immunomodulatory effects, are produced locally in sites outside of the central nervous system. This
study aims to determine the role of POMC expression in the urothelium during radiation injury.

Methods: Twenty-four male Swiss Albino mice were divided into four groups. A single-fractioned 10 Gy of ionizing
radiation was applied to the pelvic zone of all mice with Cobalt-60 radiotherapy. The first group |, which consisted intact
animal and not irradiated was the control group, and the second, third, and fourth groups were euthanized after 24 h
(Group 2), 48 h (Group 3), and 7 days (Group 4) after irradiation. All bladders were prepared for histochemical analysis
using hematoxylin eosin (H&E) and immunohistochemical analysis using anti-POMC antibody.

Results: No morphological differences were seen in all the group samples stained with H&E. POMC expression of
the urothelium of bladder tissue samples shows different staining levels. Group | (96.7 £ 7.68), Group 2 (88.3 + 8.04),
and Group 3 (85.10 £ 10.9) were very weakly stained, but the POMC immunoreactivity of Group 4 (113.0 + 12.8) was
observed to be strong.

Conclusion: Expression of POMC from urothelium seems to prevent bladder damage from radiation supplying
differentiation and restoration of the urothelium.
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Introduction

Radiotherapy is often used in the treatment of dif-
ferent pelvic tumors, including those of the pros-
tate, rectum, cervix, and endometrium. Adverse
radiation-induced effects, however, may occur in
nearby normal tissues, such as the bladder.! The
effects of incidental irradiation on normal struc-
tures can occur within days to weeks, to months to

years after exposure. Barcellos et al. reported that
radiation-induced modifications in the bladder
wall are time-dependent.?

The urinary bladder collects urine and functions
as a temporary reservoir for urine. The bladder is
covered by urothelium that consists of three to
seven layers of transitional cells. It is known that
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radiation leads to inflammatory changes in the
bladder, in which almost all cells are involved.3
Two phases of radiation-induced changes in the
urinary bladder are observed, an early phase occurs
2—6 weeks after the start of fractionated irradiation,
which is characterized morphologically by hyper-
emia and mucosal edema. A chronic phase devel-
oping with latent times are dose-dependent, and
can last for 10 years or longer. The morphological
changes correlating in the initial late phase is a pro-
gressive mucosal breakdown, ranging from super-
ficial denudation to ulceration, and even the
formation of fistulae. The urothelial changes are
accompanied by urothelial areas of compensatory
hyperproliferation. The radiation effects in the
bladder start during treatment and resolve within a
few weeks after the end of radiotherapy.

Proopiomelanocortin (POMC) is the polypeptide
precursor of ACTH. There is a single POMC gene
per haploid genome in humans. It is located on
chromosome 2p23. It comprises 7665 bp and con-
sists of three exons and two introns. In the normal
human pituitary gland, the POMC gene is only
expressed in corticotroph cells.’> Outside the neu-
roendocrine tissue, POMC is present in the pla-
centa, and in the immune system cells. In addition
this, POMC peptides were observed in the skin epi-
thelial cells, such as epidermis and also dermal
infiltrating cells. POMC expression and POMC
mRNAs were stronger in inflamed epidermis than
in normal skin, and suggested POMC peptides have
“alocal stress reponse system” function in the skin.®

In this study, we aimed to elucidate the POMC
expression of the urothelium of bladder before and
after radiation exposure, using immunohistochem-
istry. The results obtained show the existence of a
POMC expression, and confirm the hypothesis that
the urothelium of bladder has a local protective
system against radiation mediated by the POMC
peptides.

Materials and methods

In this work, a total of 24 healthy, male, adult Swiss
Albino mice, weighing 3040 g, were obtained
from Gazi University’s Experimental Animal
Laboratory and used as subjects. The subjects were
isolated from stress and noise and fed with water
and food ad libitum at 25°C in a cycle of 12 h of
dark and 12 h of light before being included in the
study. The animals were divided into four groups;

the first group 1, which consisted intact animal and
not irradiated was the control group, and the sec-
ond, third, and fourth groups were euthanized after
24 h (Group 2), 48 h (Group 3), and 7 days (Group
4) after irradiation. Except for the control group,
all mice were exposed to ionizing radiation in their
pelvic region on the same day with the Co-60,
780-C device present in the Department of
Radiation Oncology of Gazi University School of
Medicine, applied to pelvic area with a source-to-
surface distance of 80 cm for 10.7 min with a 10Gy
dose for D,,,. in a single fraction. Ketamine was
used a dose of 45-50 mg/kg intramuscular for
sedation prior to radiation procedure. Euthanasia
was performed on all the animal by cardiac punc-
ture blood collection. After the euthanasia, the pel-
vic regions were dissected and the bladders were
completely removed.

All bladder samples were first washed in a solu-
tion containing 10% formol and then placed in
screw-cap sampling containers containing 10%
formol. The tissue samples taken after the proce-
dure were embedded into paraffin blocks. Serial
sections (5 um thick) were cut and prepared for
both histochemical and immunohistochemical
staining. The first sections were stained with hema-
toxylin and eosin (H&E) for histochemical exami-
nation. The second sections were used for
immunohistochemical staining.

Immunohistochemistry

Formaline-fixed, paraftin-embedded bladder sec-
tions were used for immunohistochemical stain-
ing. Tissue samples were stored at 60°C overnight
and then dewaxed with xylene for 30 min. After
dehydration of the sections with ethanol, they
were washed with distilled water. Subsequently,
the samples were treated with 2% trypsin (ab970,
Abcam, Cambridge, UK) at 37°C for 15 min and
incubated in 3% H,O, solution for 15 min to
inhibit endogenous peroxidase activity. Then, the
sections were incubated with anti-POMC (PAB
17131, Novus Biologicals, Littleton, CO, USA),
polyclonal antibody in a 1/100 dilution for 18 h at
+4°C. They were then given three additional
5-min washes in PBS, followed by the incubation
with biotinylated Ig G and administration of
streptavidin peroxidase (Histostain Plus kit
Zymed 87-9999; Zymed, San Francisco, CA,
USA). After washing the secondary antibody with
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PBS, three times, for 5 min, the sections were
stained with DAB substrate system containing
diaminobenzidine (DAB, K007, DBS, Pleasanton,
CA, USA) to detect the immunoreactivity, and
then stained with Mayer’s hematoxylin (72804E,
Microm, Walldorf, Germany) for counterstaining.
For positive and negative control purposes, a
mouse suprarenal gland was applied the same
procedure; however, normal IgG in place of pri-
mary antibody was used as a negative control.
They were covered with a mounting medium
(01730 Surgipath, Cambridge, UK) and observed
with a light microscopy (Olympus BX-40, Tokyo,
Japan).

Immunostaining for POMC expression in the
bladder samples were evaluated semi-quantitatively
using HSCORE analysis according to the method
published by McCarty et al.” The immunostaining
intensities were categorized by the following
scores: 0 (no staining), 1 (weak, but detectable,
staining), 2 (moderate staining), and 3 (intense
staining). A HSCORE value was derived for each
specimen by calculating the sum of the percentage
of cells for urothelium of both bladder that stained
at each intensity category, multiplied by its respec-
tive score, using the formula H-score = Y Pi (i+1),
where i is the intensity of staining with a value of
1, 2, or 3 corresponding to weak, moderate, or
strong staining, respectively, and Pi is the percent-
age of stained cells for each intensity, in the range
of 0-100%. For each slide, five different fields
were evaluated microscopically at 200x magnifi-
cation. HSCORE evaluation was performed inde-
pendently by at least two investigators (KO, TO,
MT) blinded to the source of the samples as well as
to each other’s results; the average score of both
was then used.

Statistical analysis

For the statistical analysis we used the software
SPSS 19.0. The numerical variables are given with
mean, standard deviation, median, and minimum
and maximum values. Kruskal-Wallis tests were
used for comparisons in between the four groups
for parametric variables, and the Tukey test was
used for post-hoc tests. Additionally, we used the
Kruskal-Wallis test for comparisons in between
the four groups for non-parametric variables and
the Mann—Whitney U test with Bonferronni cor-
rection for post-hoc tests. Statistical comparisons
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Figure 1. The bladder is lined by the transitional epithelium
(urothelium) (E) with its lamina propria (LP), a thick muscularis
layer (M). There are no differences between the groups in the
H&E staining. (a) Group |, (b) Group 2, (c) Group 3, (d) Group 4
(original magnification: 400%).

with a P value below 0.05/4 = 0.013 are assumed
as statistically significant.

Results

We observed in the H&E staining bladder slides of
control group, transitional epithelium was line the
bladder mucosa. The epithelium has six and eight
layer cells and consists of basal, intermediate, and
superficial cell layers. Beneath the epithelium,
there is a discontinuous muscularis mucosa, which
arranged irregular muscle fibers. In lamina propria
of the control group, a few small mucus secreting
glands were seen. The muscularis layer is arranged
as three layers: the inner and outer longitudinal
layers, and the central layer circularly arranged.
We show that mice, subjected to radiation expo-
sure, developed mild inflammatory response in
bladder tissue characterized by submucosal edema
(Groups 2, 3, and 4) (Figures la—d).

We investigate the change of the POMC expres-
sion of urothelium of the bladder samples after
radiation exposure in groups one to four. The
immunohistochemical investigation of the urothe-
lium of bladder tissue samples for POMC shows
different staining levels. We observed very weak
staining for Groupl (96.7 £ 7.68) but the stained
cells were localized in the superficial and interme-
diate layer of urothelium (Figure 2a). Also the
staining intensities were low in number in both
Group 2 (88.3 £ 8.04) and Group 3 (85.10 = 10.9)
(Figure 2b, c¢). A strong POMC immunoreactivity
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Figure 2. Immunohistochemical analysis of POMC expression
was seen in the urothelium of bladder. The moderate POMC
expression was seen in urothelium of group | (a), group 2,
and group 3 (c). In contrast to this, in group 4, strong POMC
immunoreactivity was seen (d). Positive control: Mouse
suprarenal gland was analyzed by immunohistochemical
methods using POMC antibody for positive control purpose
(e) and without antibody for negative control purpose (f). E,
epithelium; LA, Lamina propria (original magnification: 400x).

was observed within all layers of the urothelium of
Group 4 (113.0 £ 12.8), shown in Figure 2d. All
comparisons for H-scores between Group 4 and the
other groups (Groups 1, 2, and 3) were statistically
significant (Tables 1 and 2).

Discussion

We investigated whether POMC expression con-
tributes to acute radiation effects in the rat urinary
bladder and used the radiation dose of 10 Gy, as
used in previous reports.® The radiation dose calls
as intermediate dose, between low doses typically
in the range of 0.015-2 Gy and high doses in the
range of 3045 Gy.?

Although radiotherapy is widely used in the
treatment of cancer, the response of tissues to radi-
ation is variable.® It was reported that irradiation of
the urinary bladder results in morphological
changes, such as mucosal edema and hyperemia.
The findings are seen in the acute phase and then

Table 1. POMC expression values among groups of duration
of radiation exposure.

Bladder
n 40
Median 94,0000
Min—max 70-131
Chi-Square 17,945%
df 3
P 0.000

*Four cells (50.0%) have expected frequencies less than 5. The mini-
mum expected cell frequency is 4.8.

the reduction in the bladder storage capacity and a
consequential increase in micturition frequency.

It is well known that in tissues with high prolif-
eration rates (with cell turnover times ranging from
a few days to several weeks), such as the epithe-
lium of the intestine, the oral mucosa or the epider-
mis, a progressive decrease in cell numbers during
radiotherapy occurs due to the continuing loss of
cells. The mechanism of radiation damage in the
urinary bladder is clearly different from tissues
with more rapid turnover times and we found no
morphological differences and mitosis on urothe-
lium of bladder between groups, and consider it
possible that the normal appearance may be related
with the low mitosis index. It is known that under
normal unstimulated conditions, the bladder epi-
thelium has an extremely slow cell turnover rate.!!
However, urothelial proliferation is dramatically
upregulated in response to injury, resulting in com-
plete restoration of differentiated superficial cells
within 7 days.!?

In this study, we observed for the first time that
POMC immunoreactivity was in the urothelium of
control group bladder, and we consider it possible
that POMC peptides may have constitutively
expressed in the bladder, as in the epidermis.
Primary keratinocytes constitutively express the
full-length POMC mRNA3 as well as normal
human keratinocytes and a keratinocyte cell line
produce POMC-derived peptides such as a-MSH
and ACTH.!# The POMC expression in the bladder
may be related with cell differentiation, because
mitoses were never found in the original superfi-
cial cells. Slominski et al. showed that in the epi-
dermis, POMC derived o-MSH was strongly
expressed in differentiated cells of supra basal lay-
ers, whereas only weakly expressed in basal layer
and stratum corneum.’> Kreft et al. reported that
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Table 2. Post-hoc comparisons™* of the groups of radiation exposure in regard to cell counts.

Control Group | Group 2 Group 3 P
Bladder > Median 5 I 3 10 0=1=2)<3
<= Median 5 9 7 0

*Mann-Whitney U pair comparisons with critical P value = 0.0125.

the urothelial cell divisions during the wound-heal-
ing process confirmed mitoses only in the basal
cells.!

We also found that the POMC expression con-
tinued in radiation groups 2 and 3, and there were
no statistical differences from control group and
consider that 10 Gy radiation appears not to seri-
ously damage the bladder. Jaal and Dorr reported
that 20 Gy radiation dose causes a decrease in the
number of cells of the urothelium in the early (0—
31 days) and late stages (90-120 days).?
Antonakopoulos et al. reported morphological
changes in rat urothelium as late as 6 months after
single dose irradiation with 20 Gy.! Reitan
reported that urothelium has low compensatory
capacity irradiation, because of a recovery period
of about 3 months following 10 Gy and approxi-
mately a 9-month period following 20 Gy.!”

The mechanism of radiation damage in the uri-
nary bladder is clearly different from tissues with
more rapid turnover times. Stewart et al. showed
that the urothelium of mice at 2 weeks after 30 Gy
was intact, with large superficial cells lining the
luminal surface of the bladder, whereas the first
histological changes were detectable at about 5
months.!® Cell depletion in the urothelium and the
loss of the umbrella cells do not reflect gross tissue
breakdown, as it is induced by irradiation in other,
more rapidly proliferating tissues.

We observed that a single dose of 10 Gy radia-
tion could activate the POMC expression in urothe-
lium of bladder on day 7. It is important for bladder
urothelium to recover from epithelial injury in a
short time,!° because a composition of the urothe-
lium enables the maintenance of the most imper-
meable barrier in the body, and protects the
underlying tissues from toxic urinary substances.
Tight junctions between urothelial cells are located
on the apical membrane of big hexagonal superfi-
cial umbrella cells and a disruption of the tight
junction leads to leakage of the urine components
into the underlying tissues. Stelwagen et al.
reported that in the mammary epithelium, the tight

junction permeability decreases milk secretion,
and demonstrated that elevated plasma cortisol
reduced mammary tight junction leakiness.?’ In
addition, in the bladder, administration of recombi-
nant human keratinocyte growth factor, which is
known to increase urothelial cell proliferation,?!
ameliorated both early and late radiation-induced
urinary bladder dysfunction in mice.??

It is known that POMC'’s role in skin is pig-
mentation and peripheral modulation of stress and
inflammatory responses.”> We suggested that the
increase of POMC in all layers of bladder on day 7
may be related with inflammation response as with
skin. POMC peptides are produced locally in the
skin and are regulated by inflammatory cells, as
well as by autocrine mechanisms.® Slominski et al.
reported recently that a stress response system may
exist in the skin mediated by the neuroendocrine
system and modulated by the immune system, with
the CRH-POMC loop playing an essential role.
IL-1, which forms an important part of the inflam-
matory response, increases the production of
POMC mRNAs, ACTH, and MSH peptides in cul-
tured epidermal keratinocytes? and melanocytes.?
We similarly suggest that the immune system could
play a dominant regulatory role in POMC peptide
production in the bladder, as with the skin. In the
bladder, the major pro-inflammatory cytokines,
interleukin (IL)-1, tumor necrosis factor (TNF)-a,
IL-6, and IL-8 are released from granulocytes,
macrophages, monocytes, and other immunoregu-
latory cells during inflammatory reactions. Chuang
et al. transferred the POMC gene in acetic-acid-
induced bladder hyperactivity using the gene gun,
and reported that increased bladder expression of
endorphin can suppress nociceptive responses
induced by bladder irritation.2°

Our study demonstrated that irradiation results
in increased expression of the POMC with the time
course that parallels the radiation injury. Therefore,
it is possible that the differentiation and restoration
of the bladder urothelium is based on the over-
expression of POMC from urothelial cells.



Ozbilgin et al.

39

Declaration of conflicting interests

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

References

1.

10.

11.

12.

Jaal J and Dorr W (2010) Radiation effects on cellular-
ity, proliferation and EGFR expression in mouse blad-
der urothelium. Radiation Research 173(4): 479-485.
Barcellos LM, Costa WS, Medeiros JL Jr et al. (2013)
Protective effects of I-glutamine on the bladder wall of
rats submitted to pelvic radiation. Micron 47: 18-23.
Jaal J and Doérr W (2006) Radiation-induced dam-
age to mouse urothelial barrier. Radiotherapy and
Oncology 80(2): 250-256.

Dorr W and Stewart FA (2009) Retreatment tolerance
of normal tissues. In: Van der Kogel A and Joiner M
(eds) Basic Clinical Radiobiology. London: Hodder
Arnold, Ltd., pp. 259-270.

Raffin-Sanson ML, de Keyzer Y and Bertagna X
(2003) Proopiomelanocortin, a polypeptide precursor
with multiple functions: from physiology to patholog-
ical conditions. European Journal of Endocrinology
149(2): 79-90.

Kono M, Nagata H, Umemura S et al. (2001) In situ
expression of corticotropin-releasing hormone (CRH)
and proopiomelanocortin (POMC) genes in human
skin. FASEB Journal 15(12): 2297-2299.

McCarty KS Jr, Szabo E, Flowers JL et al. (1986) Use
of a monoclonal anti-estrogen receptor antibody in the
immunohistochemical evaluation of human tumors.
Cancer Research 46: 4244—4248.

Diestel CF, Marques RG, Lopes-Paulo F et al. (2007)
Role of L-glutamine and glycine supplementation
on irradiated colonic wall. International Journal of
Colorectal Disease 22: 1523—-1529.

Ross GM (1999) Induction of cell death by radiother-
apy. Endocrine-related Cancer 6: 41-44.
Antonakopoulos GN, Hicks RM, Hamilton E et al.
(1982) Early and late morphological changes (includ-
ing carcinoma of the urothelium) induced by irra-
diation of the rat urinary bladder. British Journal of
Cancer 46: 403-416.

Stewart FA (1986) Mechanism of bladder damage
and repair after treatment with radiation and cyto-
static drugs. British Journal of Cancer Supplement 7:
280-291.

Romih R, Koprivec D, Stiblar-Martincic D et al.
(2001) Restoration of the rat urothelium after cyclo-
phosphamide treatment. Cell Biology International
25:531-537.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Zapletal E, Kraus O, Cupi¢ B et al. (2013) Differential
expression of proopiomelanocortin (POMC) transcrip-
tional variants in human skin cells. Neuropeptides
47(2): 99-107.

Schauer E, Trautinger F, Kock A et al. (1994)
Proopiomelanocortin-derived peptides are synthe-
sized and released by human keratinocytes. Journal of
Clinical Investigation 93(5): 2258-2262.

Slominski AT, Zmijewski MA, Zbytek B et al. (2013)
Key role of CRF in the skin stress response system.
Endocrine Reviews 34(6): 827-884.

Kreft ME, Sterle M, Veranic P et al. (2005) Urothelial
injuries and the early wound healing response:
Tight junctions and urothelial cytodifferentiation.
Histochemistry and Cell Biology 123(4-5): 529-539.
Reitan JB (1986) Some long-term cell kinetic effects
of ionizing radiation on mouse bladder urothelium.
Cell and Tissue Kinetics 19: 511-517.

Stewart FA, Lundbeck F, Oussoren Y et al. (1991)
Acute and late radiation damage in mouse bladder: A
comparison of urination frequency and cystometry.
International Journal of Radiation and Oncology
Biology Physics 21(5): 1211-1219.

Visnjar T, Kocbek P and Kreft ME (2012) Hyperplasia
as a mechanism for rapid resealing urothelial inju-
ries and maintaining high transepithelial resistance.
Histochemistry and Cell Biology 137(2): 177-186.
Stelwagen K, van Espen DC, Verkerk GA et al. (1998)
Elevated plasma cortisol reduces permeability of mam-
mary tight junctions in the lactating bovine mammary
epithelium. Journal of Endocrinology 159(1): 173—178.
YiES, Shabaik AS, Lacey DL etal. (1995) Keratinocyte
growth factor causes proliferation of urothelium in
vivo. Journal of Urology 154: 1566—1570.

Jaal J and Dorr W (2005) Effect of recombinant human
keratinocyte growth factor (rHuKGF, Palifermin) on
radiation-induced mouse urinary bladder dysfunction.
International Journal of Radiation and Oncology
Biology Physics 63: 86-87.

Slominski A, Wortsman J, Tuckey RC et al. (2007)
Differential expression of HPA axis homolog in the
skin. Molecular and Cellular Endocrinology 265—
266: 143-149.

Slominski A, Zbytek B, Nikolakis G et al. (2013)
Steroidogenesis in the skin: Implications for local
immune functions. Journal of Steroid Biochemistry
and Molecular Biology 137:107-123.

Scholzen TE, Kalden DH, Brzoska T et al. (2000)
Expression of proopiomelanocortin peptides in human
dermal microvascular endothelial cells: Evidence for a
regulation by ultraviolet light and interleukin-1. Journal
of Investigative Dermatology 115(6): 1021-1028.
Chuang YC, Chou AK, Wu PC et al. (2003) Gene
therapy for bladder pain with gene gun particle encod-
ing pro-opiomelanocortin cDNA. Journal of Urology
170(5): 2044-2048.



