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Abstract

Amaç: Bu çalışmada domuz idrar kesesinde immünohistokimyasal olarak NF-

Aim: This study aimed to investigate the expression of NF-κB, Hsp70, and

Gereç ve Yöntem: Çalışmada materyal olarak toplam 8 adet domuz idrar ke-

Materials and Methods: A total of 8 swine urinary bladders were used as

κB, Hsp70 ve TNF-α ekspresyonunu araştırmayı amaçladık.

sesi kullanıldı. NF-κB, Hsp70 ve TNF-α ekspresyonu Streptavidin-biotin kompleks immunohistokimya yöntemini ile gösterildi.

Bulgular: Üroepitelyal hücreler NF-κB ile fokal sitoplazmik reaksiyon verdi.

Detrusor kas katmanının düz kas hücrelerinde ve damar duvarında orta de-

recede NF-κB boyanma yoğunluğu gözlendi. Bazal ve intermediyer hücrelerin
sitoplazmalarında ve çekirdeklerinde Hsp70 ekspresyonu gözlendi. Bazal hücre çekirdeklerinin güçlü bir reaksiyon göstermesi dikkat çekiciydi. İdrar kesesinin düz kas demetleri, Hsp70 ile pozitif olarak boyandı. TNF-α ekspresyonu,
idrar kesesinde kahverengi olarak ürotelyumun üç tabakasının tamamında
gözlendi. İlginç bir şekilde, bazı şemsiye hücrelerin lümen yüzeylerinin yoğun
membran benzeri immünopozitif boyama gösterdiğini belirledik.

Öneri: Bu çalışmada, domuz idrar kesesinde NF-κB, Hsp70 ve TNF-α ekspres-

yonu tunika mukozanın epitel hücrelerinde ve tunica muscularisin düz kas
hücrelerinde belirlendi. İmmünhistokimyasal bulgulara dayanarak, ürotelyum
ve detrusor kas tabakasını oluşturan hücreler tarafından salgılanan enzimlerin ve sitokinlerin biyolojik sürece, hücreler arası iletişime, fizyolojik duruma

katkıda bulunduğu ve idrar kesesinin savunmasında önemli bir rol oynadığı
sonucuna varıldı.

Anahtar kelimeler: İdrar kesesi, NF-κB, Hsp70, TNF-α

TNF-α immunohistochemically in the swine urinary bladder.

material in the study. NF-κB, Hsp70 and TNF-α expression were demonstrated
by Streptavidin-biotin complex immunohistochemistry method.

Results: Uroepithelial cells gave a focal cytoplasmic reaction with NF-κB. A

moderate staining intensity was observed in NF-κB, smooth muscle cells of the
detrusor muscle layer and in the vessel wall. Hsp70 expression was observed
in the cytoplasms and nuclei of basal and intermediate cells. It was remarkable
that basal cell nuclei showed a strong reaction. The bladder's smooth muscle

bundles were stained positively with Hsp70. TNF-α expression was observed
throughout all three layers of urothelium as a brown color in the urinary
bladder. Interestingly, we determined that some umbrella cells' luminal
surfaces showed intense membrane-like immunopositive staining.

Conclusion: In this study, the expression of NF-κB, Hsp70, and TNF-α in the

swine urinary bladder was determined in epithelial cells of tunica mucosa and

smooth muscle cells of tunica muscularis. Based on the immunohistochemical
findings, it was concluded that the enzymes and cytokines secreted by the
cells forming the urothelium and detrusor muscle layer contribute to the
biological process, intercellular communication, physiological state and play
an important role in defense of the urinary bladder.
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Introduction

Material and Methods

The urinary bladder is a multilayered structure characterized by the major layers of tunica mucosa, tunica muscularis,
and tunica serosa (Samuelson 2007). The tunica muscularis
consists of strong smooth muscle cells. This layer is also called the "detrusor muscle." The urothelium (uroepithelium),
the epithelial lining of the urinary bladder, is a highly specialized epithelium (Ertuğrul and Kurtdede 2013). It composed
at least three layers: a basal cell layer attached to the basal
membrane, an intermediate layer, and a superficial cell layer
known as an "umbrella cell" (Birder 2005). The primary role
of uroepithelium is to provide a barrier that prevents pathogen entry and selectively regulates the passage of water,
ions, solutes, and large macromolecules through the mucosal
surface of the cell into the underlying tissue (Apodaca 2004).
In response to possible foreign substances, urothelium may
release cytokines, growth factors, and other inflammatory
mediators (Wood et al 2011).

Materials

Nuclear factor-kappa B (NF-κB), a protein transcription factor (Liu et al 2017), is considered a regulator of innate immunity (Baltimore 2009). NF-κB’s signaling pathways regulate
cellular resistance against invading pathogens (Karin 2009)
and control the expression of various pro-inflammatory cytokines and acute-phase proteins (Liu et al 2017). Heat shock
proteins (Hsps) are critically important for cellular development and viability in many organisms (Zou et al 2012). They
play a role in various biological activities, such as protection against apoptosis and cytotoxic damage (Rokuten 2000).
HSPs in cells support the right folding of proteins, refolding
of misfolded proteins, and degradation of irrecoverable proteins to maintain the cytoskeleton structure (Garrido et al
2001). Hsp70 is a type of molecular chaperone that is activated in response to a variety of cellular stresses. It protect
proteins from degradation by stabilizing them (Morimoto
1993). Tumor necrosis factor-alpha (TNF-α), which is a cytokine with proinflammatory and immunostimulating effects
(Wang et al 2003), is effective in angiogenesis, inflammation,
and cell proliferation (Boric et al 2013). TNF-α regulates the
immune response to pathogenic agents and has a chemotactic effect on monocyte and polymorphonuclear leukocytes
(Maury and Teppo 1989). Furthermore, studies show that
TNF-α can directly stimulate detrusor muscle smooth muscle cell contraction in the urinary bladder (Wang et al 2012).
Cytokine expression may form a bi-directional communication network of the neurological and the immune systems,
alone or with other cytokines, growth factors, or other mediators (Watkins and Maier 1999). The study's objective is to
determine the distribution of NF-κB, Hsp70, and TNF-α expression immunohistochemically in swine urinary bladder.

The study used fresh urine bladder samples from eight onemonth-old healthy swine as material. The samples were collected from Ankara University Faculty of Veterinary Medicine
Application and Research Farm.

Tissue processing

The urinary bladder tissue samples were fixed in a 10% formaldehyde solution for 24 hours. The tissues were held for 1
hour in each of 70 percent, 80 percent, and 96 percent alcohol after being stored in a running water bath for 24 hours to
remove the formalin. This was followed by three 1 hour applications of absolute alcohol and xylol were done. The tissue
samples were then blocked in paraffin.

Immunohistochemistry

The urinary bladder sections 5 μm thick taken from paraffin
blocks were stained immunohistochemically by using rabbit
polyclonal Hsp70 (1/200 dilution, Santa Cruz Biotechnology,
sc-33575), mouse monoclonal NF-κB (1/200 dilution, Santa
Cruz Biotechnology, sc-8008) and rabbit polyclonal TNF-α
(1/200 dilution, Abcam, AB-9739) primary antibodies with
Streptavidin biotin complex (True 1990). Histostain Plus
(Zymed kit: 85-6743) kit was performed as secondary antibody. After deparaffinization, sections were heated in a microwave oven of 700 watts within citrate buffer (pH=6) solution for proteolysis. In order to block endogenous peroxidase
activity, the tissues were incubated in 3% hydrogen peroxide
solution. Following washing with phosphate buffer solution
(PBS), serum in the kit was instilled to prevent nonspecific
protein binding in sections. Primary antibody was applied on
and they were stored at +4 0C for overnight. Only PBS solution was process on negative control group tissues. Following
the washing procedure, biotinylated secondary antibody was
instilled into sections and incubated at streptavidin-horseradish peroxidise complex after washing. As the last stage, 3,
3’-diaminobenzidine (DAB) was used as chromogen and the
preparations were covered with entellan by counterstaining
was performed with hematoxylin.

Immunohistochemical examination

Following immunohistochemical staining, the NF-κB, Hsp70,
and TNF-α staining intensity was assigned a semiquantitative score using a light microscope (Nikon Eclipse 50i): negative (-), weak reaction (+), moderate reaction (++) and strong
reaction (+++) (Özen et al 2013).
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Table 1. Semiquantitative scoring of staining intensities for NF-κB, Hsp70, and TNF-α in swine urinary bladder

Urothelium

Superficial cell

cytoplasm

Intermediate cell

cytoplasm

Basal cell
Blood vessels
Detrusor muscle

nucleus
nucleus

cytoplasm
nucleus

cytoplasm
nucleus

cytoplasm
nucleus

NF-κB

Hsp70

TNF-α

-

-

-

+
+
-

+
-

++
-

++
-

Semiquantitative scoring of immunostaining intensities: -, negative; +, weak; ++, moderate; +++, strong.

Results
Immunohistochemical results were evaluated and summarized in Table 1.

In sections stained by NF-κB, uroepithelial cells gave focal
cytoplasmic staining. Membrane-like immunopositive staining was predominantly observed on the lateral surface of
epithelial cells. A moderate staining intensity was observed
in NF-κB, smooth muscle cells of the detrusor layer and in the
vessel wall. The nuclei of the cells in the uroepithelium, tunica muscularis, and blood vessels were not stained (Figure 1).
In sections stained by Hsp70, umbrella cell cytoplasm and
nuclei did not give positivity. Only the cell membrane of the
umbrella cell was stained. Hsp70 expression was observed
in the cytoplasms and nuclei of basal and intermediate cells.

-

++
-

+

+++
++

+++
++

+++

++
++
-

++
-

++
-

++
-

It was remarkable that basal cell nuclei showed a strong reaction. The bladder's smooth muscle bundles were stained
positively with anti-Hsp70. The reaction observed in the
cytoplasm of smooth muscle was weaker than that observed
in the nuclei of smooth muscle. Also, Hsp70 expression was
strong in blood vessels (Figure 2).
TNF-α expression was observed throughout all three layers of urothelium as a brown color in the urinary bladder.
Membrane-like and intracytoplasmically immunopositive
staining were determined epithelial cells. Interestingly, we
determined that some umbrella cells' luminal surfaces showed intense membrane-like immunopositive staining. TNF-α
was observed in a moderate stain on the smooth muscle of
the detrusor muscle and vessels wall. The nuclei were not
stained in the tunica muscularis, blood vessels, and uroepithelium (Figure 3).

Figure 1. (A) NF-κB expression in the urothelium, umbrella cell (arrow), blood vessel (arrow head).
(B) Moderate NF-κB expression in the detrusor muscle (dm). Bar: 10 µm
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Figure 2. (A) Hsp70 expression in the urothelium, umbrella cell (arrows), blood vessel (arrow heads). (B) moderate Hsp 70
expression in the detrusor muscle (dm), blood vessels (arrow heads). Bar: 10 µm

Figure 3. (A) Luminal surface membrane immunopositivity TNF-α in umbrella cell (arrow). (B) TNF-α expression in the detrusor muscle (dm), blood vessels (arrow heads). Bar: 10 µm

Discussion
The urinary bladder mucosal defense protects against foreign substances, both by their morphological structure and
induced factors. The urothelium, a unique stratified epithelium that lines the lower urinary tract, acts as a permeability
barrier and a barrier against bacterial adhesion and invasion
(Wu et al 2009). Because the urinary system is frequently exposed to microorganisms, an arsenal of both structural and
triggered, innate defense systems has evolved (O'Brien et al
2015). Pattern recognition receptor signaling in the bladder
wall and urothelium activates urothelial and bladder resident immune cells and coordinated cytokine and chemokine
secretion (Duell et al 2012).

4

NF-κB is involved in a wide variety of physiological processes
such as immunity, cell proliferation/differentiation. It also
plays an important role in inflammation (Zhang et al 2017).

NF-κB is involved in mediating the innate immune system
and regulating T and B cells' autoimmune and inflammatory functions (Sun et al 2013). The urothelium's barrier
integrity can be regulated directly or indirectly by NF-kB,
regulating cell adhesion molecules like E-cadherin (Krischak et al 2021). The umbrella, intermediate, and basal cells
forming the urothelium were stained intracytoplasmically
with NF-κB in a study performed in the rat urinary bladder
(Yucel et al 2013). Previous studies have shown that NF-κB
can be activated by bacterial and viral infections, inflammatory cytokines, ischemia, hyperosmotic shock, and oxidative
stress (Baeuerle and Henkel 1994). NF-κB mediates multiple
stages of bladder inflammation (Abdel-Mageed and Ghoniem 1998). In a study of patients with interstitial cystitis, it
was observed that NF-κB expression, which was detected
weakly in the cytoplasm of urothelial cells in the control group, was increased cystid group (Wang et al 2000). This study
demonstrated the expression of the NF-κB in the swine uri-
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nary bladder. The presence of immunoreactivity in urothelial
cells, the detrusor muscle, and blood vessels suggests that
NF-κB, which is involved in various physiological processes,
including immunity and cell proliferation, may an essential
role in the urine bladder.

Hsp’s are expressed and controlled through hormones during normal cellular growth, mitosis, and differentiation
(Verbeke et al 2001). Hsp’s appear to play a role in various
biological processes, including apoptosis resistance, carcinogenesis, and cytotoxic damage. Under environmental,
physiological, and pathophysiological stress, Hsp synthesis
is highly regulated, resulting in increased synthesis, particularly of the Hsp70 (Qu et al 2015). The presence of Hsp70 in
the bladder's detrusor muscle and mucosal epithelium was
demonstrated by immunohistochemical in rabbit urinary
bladder (Zhao et al 1993). In addition, Syrigos et al. (2003)
reported having observed positive immune reactions for
Hsp70 in the cytoplasm and cell membrane of uroepithelium of the urinary bladder in humans. The cytoplasm, cell
membranes, and nucleus of urothelial cells and detrusor
smooth muscle cells showed a positive reaction to Hsp70 in
our research. Our findings are consistent with the findings of
the researchers. The expression of Hsp 70, which is known
to contribute to the sequencing of proteins involved in the
cytoskeletal network, suggests that it plays an influential role
in the filling and emptying mechanism of the urinary bladder,
where the cells undergo physical changes.
Cytokine expression, growth factors, or other mediators can
form a bidirectional communication network between the
nervous and immune systems (Watkins and Maier 1999).
Cytokines, including TNF-α, are regulatory proteins released
by various cells and promote intercellular communication
and immune responses (Jia et al 2015). In the urinary bladder, studies suggested that TNF-α primarily induces urothelial apoptosis via the TNF-related apoptosis-inducing ligand
(TRAIL) pathway (Kutlu et al 2010). The study in TNF-α deficient mice showed that following infection, neutrophils require local TNF-α signaling to cross the basement membrane
of the urinary bladder epithelium (Schiwon al 2014). Experimental results show that in the urinary bladder TNF-α is predominantly expressed in the urothelium (Giglio et al 2016).
Wang et al. (2012) reported that TNF-α was can directly
stimulate bladder smooth muscle cell contraction. Positive
staining was found in the urothelium, smooth muscle cells
of the tunica muscularis, and the vessel wall in our research.
TNF-α's ability to regulate immune cells and induce a wide
range of cellular responses in various target cells, including
inflammation, cell proliferation, differentiation, and apoptosis, suggests that it is an important cytokine in the urinary
bladder's defense mechanism.

Conclusion
As a result, in this study, it was observed that the swine urinary bladder displayed the expression of NF-κB, Hsp70, and
TNF-α. Based on the immunohistochemical findings, it was
concluded that the enzymes and cytokines secreted by the
cells forming the urothelium and detrusor muscle layer contribute to the biological process, intercellular communication,
physiological state, and play an essential role in the defense
of the urinary bladder.
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