
RESEARCH POSTER PRESENTATION DESIGN © 2015 

www.PosterPresentations.com 

Visualization of fluorescently labeled cellular structures within tissues and organs is of 

great importance in the analysis of health and disease states. Traditional histology and 

confocal imaging of whole organs is commonly limited by either incomplete laser 

penetrance of opaque tissue, and/or distorted 3D-reconstructions when organs must be 

sectioned prior to imaging. Recently, there has been increased interest in the use of organic 

solvents to clear whole organs such that the refractive indices of the tissue are greatly 

reduced, and high resolution, 3D-imaging of fluorescently labeled structures may be 

achieved throughout. It is to this end we sought to determine suitable conditions for 

clearing whole mouse kidneys and subsequently observe the spatiotemporal localization of 

Par6 in mice with autosomal dominant polycystic kidney disease (ADPKD).  Par6, along 

with Par3 and atypical protein kinase C, composes the Par complex that is a modulator of 

kinase and G protein activity in apical-basal polarization of epithelial cells. This Par 

complex is found at the apical surface of tubule epithelia. Adapting such methods as 

iDISCO, we developed a protocol involving organ pretreatment with methanol dehydration, 

immunolabeling, and clearing with benzyl alcohol benzyl benzoate (BABB) in which 

fluorescence of stained tubule lumens was preserved. High-resolution images of control 

mice kidneys were obtained via confocal microscopy. Using this method, global 

visualization of luminal changes that occur during ADPKD may be achieved in future 

study. Optimization of this whole-mount protocol may also provide an imaging tool for 

examining other cellular structures in healthy and diseased kidneys.  
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Å Longer fixation times in 4% PFA/PBS at room temperature yielded greater 

image quality, but caused a lower antibody staining depth. Methanol dehydration 

allowed antibody to penetrate deeper into the kidney. 

Å The adapted iDISCO protocol preserved fluorescent signal well. The sample 

intended for THF clearing was lost, therefore no evidence of its 

advantages/disadvantages over BABB was gathered. BABB clearing worked 

well to make the kidney transparent. 

Å Increasing the antibody concentration greatly increased the fluorescent signal 

penetration relative to Trial 1. 

Å Permeabilization in 0.3M glycine for 2 days yielded a stronger signal and 

increasing the antibody concentration further did so as well. However, staining in 

the medulla was still not as strong when compared to the signal in the cortex.  

Å Staining of Par6 in the medulla was strong when seen in vibratome sections, 

indicating that antibody penetrance/clearing is not yet optimized for whole 

mounts. 
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A mammalian nephron consists of an epithelial tubule that is composed of a 

monolayer of cells surrounding a central lumen. In development, 

tubulogenesis is highly dependent on the asymmetric orchestration of polarity-

protein complexes and vesicular trafficking within tubular cells in the apical-

basal and planar directions.1 These and other proteins communicate through 

protein-protein interactions, signaling mechanisms, and vesicular trafficking to 

establish polarity within the cell. This directionality also regulates the 

orientation of the nucleus and centrosome, lending spatial cues to cell 

division.2  

      ADPKD is the most common form of the renal cystic kidney diseases 

caused by mutation in Pkd1 or Pkd2. In diseased tubule epithelia, apical-basal 

polarity is lost and there is an increase of lumen diameter. This, along with 

increased secretion of chloride ions, sodium ions, and water, is the major 

hallmark of cyst formation in ADPKD. The cause-and-effect relationship 

between apical-basal polarity and cyst formation remains unknown. 

Importantly, we do not know if  luminal discontinuities exist and whether this 

contributes to cyst formation.      
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Fig. 1. Polarity complexes in a renal tubular 

epithelial cell. 

Adapted from Marciano (2016).1  

Three trials of clearing were conducted with the intent of examining: 1) the 

effects of fixation and methanol dehydration upon conservation of structure 

and antibody staining depth, 2) the effects of different clearing solutions and 

antibody concentrations/incubation times upon clarity and staining depth, and 

3) the effects of further increases in permeabilization time and antibody 

concentration/incubation times. Each trial followed the procedure seen in Fig. 

2. 

METHODS 

Trial 1: A BABB Based Protocol 
 

Fixation and sample pretreatment. P0 control kidneys were obtained 

and fixed in either DMSO:methanol (1:4) for 1 hr at 4ÁC, or 4% 

PFA/PBS for 1-2 hr at room temperature (RT) or 4ÁC.  

 

Immunolabeling. Samples were permeabilized in TBST and blocked. 

Samples were incubated with primary antibody at 4ÁC for 2 days. 

Samples were washed in TBST and secondary antibody added at 4ÁC 

overnight (o/n). 

 

Tissue Clearing. Samples were cleared with benzyl alcohol : benzyl 

benzoate (1:2) o/n at 4ÁC.  

 

Imaging. A well of dental cement constructed and filled with BABB. 

Samples were analyzed with a Zeiss LSM 510 META confocal 

microscope  (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

Trial 2: A Modified iDisco Protocol 
 

Fixation and sample pretreatment. All  P0 kidney samples were fixed 

4% PFA/PBS at 4ÁC o/n.  

 

Immunolabeling. Samples were permeabilized o/n in 20% DMSO/0.3M 

glycine/PBST at 37ÁC, then blocked at 37ÁC for 1 day. Samples were 

washed in 0.2% Tween-20/10µg/mL heparin/PBS (PTwH) and incubated 

with primary antibody for 2 days and secondary antibody for 3 days.  

 

Tissue clearing. Samples were washed in PBS and dehydrated/cleared as 

above in BABB. 

 

Imaging. Samples were mounted in 3D-printed chambers and imaged as 

before (Figure 4) 

 

 

 

Trial 3: A Modified iDisco Protocol 
 

Trial 3 was performed in the same manner as Trial 2 with slight 

modification. Samples were permeabilized for 1 or 2 days. Samples were 

incubated in primary and secondary antibody volumes of 1 mL, double 

that of trial 2.  

 

Fig. 3. A dental cement imaging chamber. (A) 

Transparent P0 kidney. (B) The ring of dental cement. 
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Fig. 2. Workflow in a 

general clearing protocol.  

*Bleaching was only 

performed in Trial 2 & 3. 

*  

Fig. 4. A 3D-printed imaging chamber. (A) Transparent P0 kidney. 
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Fig. 5. Immunofluorescence staining of lumens in P0 murine, whole-

mount (control) kidneys under different fixative conditions.  

Fig. 6. Depth of luminal staining in 3 dimensions. (B) Plane of view in 

the Z-axis of A. The field of view progresses externally to internally in C-I.  
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Fig. 7. Depth of antibody penetration in whole mounts and a vibratome section.  
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