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1. Abstract

In urinary bladders of human patients with benign prostatic obstruction tumour
necrosis factor alpha (TNF-α) is highly upregulated. Because macrophages are 
the major source of this cytokine, the attention got drawn to the immune cells 
infiltrating the bladder during outlet obstruction. It is suspected that TNF-α could 
play a major role in the loss of contractility and the structural changes of the 
tissue. Once the role of macrophages in bladder remodelling has been proven, it 
might be possible to prevent or slow down TNF-α-induced loss of contractility by 
targeting the infiltrating macrophages in the bladder.

Three different tissue dissociation methods with various enzyme solutions were 
tested on mouse bladders and human bladder biopsies to obtain viable cells. 

To visualize the location of the macrophages in the bladder a transgenic mouse 
model was used. The transgenic mice expressing fluorescent protein-tagged
macrophage marker proteins. Mouse bladder tissue sections were produced 
using a cryostat. In the healthy mouse bladders, resident macrophages were 
located in the lamina propria.

4. Material and Methods

Three different tissue dissociation methods with various enzyme solutions and 
different incubation steps were tested on mouse bladders and human bladder 
biopsies to obtain viable cells. The methods were compared for the yield of live 
cells per milligram starting tissue. 

With a cryostat bladder sections of the transgenic mouse model were made. 
Later analyzed using a fluorescence microscope.These mice express the green 
fluorescent protein (GFP) under the CX3CR1 promotor, which marks most 
myeloid cells including macrophages, monocytes and neutrophils. These 
transgenic mice also express red fluorescent protein (RFP) under the CCR2 
promotor, which is active in circulating and invading blood-derived macrophages.

3. Aims/ Leading Question

Because macrophages are known to be the main producers of TNF-α, these 
immune cells attract much attention. The knowledge about the behaviour of 
macrophages in the normal and diseased bladder is very limited, necessitating 
development of a reliable method to isolate and characterize the macrophages 
from the bladder tissue and to describe their localization in the normal and 
obstructed bladders.

The following questions were formed:

1. Which tissue dissociation method produces the highest yield of viable cells?

Method 1: Dispase II and Collagenase Type IA

Method 2: Sequential digest

Method 3: Collagenase II and DNase digest

2. Is it possible to localize macrophages in the mouse bladder tissue?

2. Introduction

Bladder outlet obstruction (BOO) is an obstruction of the urethra directly under 
the bladder. This disturbance will reduce or prevent the urinary flow. A common 
reason is a benign prostatic hyperplasia (BPH), which leads to a benign prostatic 
obstruction (BPO). During BPO, a higher intravesical pressure is needed to 
empty the bladder completely. This results in a chronic pressure overload which 
leads to profound structural and functional remodelling of the bladder wall.

It has been proposed that BOO progresses from inflammation to the bladder wall 
(detrusor) hypertrophy, with subsequent fibrosis, loss of smooth muscle 
contractility and bladder failure. Early recognition of these changes might help to 
preserve the bladder function in the elderly patients. There are molecular 
changes in obstructed bladders. The observed gene expression profiles 
indicated the activation of cytokine and immune response pathways, leading to 
bladder remodelling. Conspicuous is the high level of tumour necrosis factor 
alpha (TNF-α). TNF-α was postulated to play a major role in the loss of 
contractility and development of the tissue fibrosis during benign prostatic 
obstruction (BPO). TNF-α is a major inflammatory cytokine, also released by 
macrophages. [1]

5. Results

The bar chart (Fig. A) shows a evaluation of the tissue dissociations from the 
mouse bladders (n=4 per method). The differences between Method 1 and 
Method 2 are significant. The results of Method 2 and Method 3 are also 
significant. There is no significant difference between Method 1 and 3. The bar 
chart (Fig. B) shows a evaluation of the tissue dissociations from the human 
bladder biopsies (n=5 per method). The results are not significantly different.

In the bladder section of a transgenic mouse there are green and red cells in the 
lamina propria. It is harder to orientate in the tissue without a nuclei stain, 
however the structure of the urothelium is visible. 

6. Discussion

The comparison of the 3 different dissociation protocols using different enzyme 
solutions with mouse tissue has produced a clear result. The mean cell yield 
from the Method 2 is significantly higher. However this method requires more 
chemicals and is also the most elaborate. In the future the Method 2 will be the 
main protocol to obtain single cells from the mouse bladders for later FACS 
analysis. For the human bladder biopsies Method 1 yielded more cells than the 
Method 3. The difference did not reach statistical significance.

The cryosections of the transgenic mouse bladder will give a very specific view 
of the macrophages in the bladder layers, because the fluorescent proteins 
make macrophages visible and help discriminate between the macrophage 
populations. The downside of this method is the generation and handling of 
transgenic mice. The cut sections were from the transgenic mice with a healthy 
bladder so they showed mostly myeloid cells including tissue-resident 
macrophages in the lamina propria and also prominently near the blood vessels. 
Very few RFP-positive activated inflammatory macrophages were detected in the 
bladders, indicating the absence of inflammation in these animals, as it was 
expected. 
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Fig. 5.1 Statistical evaluation of tissue dissociation. α=5%. Significance level information: *=<0.05, **=<0.01

Fig. 5.2 Transgenic mouse, healthy whole bladder wall, unstained


