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analyze pathways involved in parietal epithelial cell activation” written by J. Eymael for the JoVE Biology 
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Parietal epithelial cell activation is one of the key factors involved in the development and progression of 

glomerulosclerosis. Inhibition of pathways involved in parietal epithelial cell activation could therefore be a 

tool to attenuate the progression of glomerular diseases. This paper describes a method to culture and 

analyze parietal epithelial cell outgrowth of encapsulated glomeruli isolated from mouse kidney and can 

therefore be used as a tool to study the effects of an altered gene expression in transgenic- or knockout -

mice or the effects of culture conditions on parietal epithelial cell growth characteristics and signalling.  

Using this method, important pathways involved in the process of parietal epithelial cell activation and 

consequently in glomerulosclerosis can be studied.  
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SUMMARY:  33 
This article describes a method for culturing and analyzing glomerular parietal epithelial cell 34 
outgrowths of encapsulated glomeruli isolated from mouse kidney. This method can be used to 35 
study pathways involved in parietal epithelial cell proliferation and migration. 36 
 37 
ABSTRACT:  38 
Parietal epithelial cell (PEC) activation is one of the key factors involved in the development and 39 
progression of glomerulosclerosis. Inhibition of pathways involved in parietal epithelial cell 40 
activation could therefore be a tool to attenuate the progression of glomerular diseases. This 41 
article describes a method to culture and analyze parietal epithelial cell outgrowth of 42 
encapsulated glomeruli isolated from mouse kidney. After dissecting isolated mouse kidneys, the 43 
tissue is minced, and glomeruli are isolated by sieving. Encapsulated glomeruli are collected, and 44 
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single glomeruli are cultured for 6 days to obtain glomerular outgrowth of parietal epithelial cells. 45 
During this period, parietal epithelial cell proliferation and migration can be analyzed by 46 
determining the cell number or the surface area of outgrowing cells. This assay can therefore be 47 
used as a tool to study the effects of an altered gene expression in transgenic- or knockout-mice 48 
or the effects of culture conditions on parietal epithelial cell growth characteristics and signaling. 49 
Using this method, important pathways involved in the process of parietal epithelial cell 50 
activation and consequently in glomerulosclerosis can be studied.  51 
 52 
INTRODUCTION:  53 
Glomerular diseases are an important group of kidney disorders and represent a major cause of 54 
end stage renal disease (ESRD). Unfortunately, specific treatment options are limited and 55 
progression to ESRD is inevitable. Glomerular diseases are defined by the presence of glomerular 56 
injury and can be grouped in inflammatory and non-inflammatory diseases. Although the initial 57 
insult is different, recent studies have shown that a common cellular mechanism leads to 58 
glomerular epithelial cell hyperplasia and ultimately to glomerulosclerosis in all glomerular 59 
diseases, irrespective of the underlying cause1-4. 60 
 61 
Specifically, it was shown that glomerulosclerotic lesions are mainly composed of activated 62 
parietal epithelial cells5,6. Under physiological conditions, parietal epithelial cells are flat 63 
quiescent epithelial cells that line the Bowman’s capsule of the glomerulus. However, any 64 
glomerular injury either due to genetic mutations (e.g., podocyte specific or mitochondrial 65 
cytopathies), inflammation or hyperfiltration (e.g., caused by reduced renal mass, hypertension, 66 
obesity or diabetic mellitus) can trigger the activation of parietal epithelial cells. Activated 67 
parietal epithelial cells proliferate and deposit extracellular matrix which results in the formation 68 
of cellular crescents or sclerotic lesions5,7,8. Progression of these processes results in loss of renal 69 
function9. Therefore, parietal epithelial cell activation is a key factor in the development and 70 
progression of glomerulosclerosis in both inflammatory and non-inflammatory glomerular 71 
diseases1-4,10. 72 
 73 
The molecular processes mediating parietal epithelial cell activation are still unknown. Recent 74 
studies show that activated parietal epithelial cells de novo express CD44, a receptor that is 75 
important for the activation of different pathways involved in cellular proliferation and migration. 76 
Furthermore, inhibition of CD44 was shown to inhibit parietal epithelial cell activation and 77 
attenuate the progression of crescent formation and glomerulosclerosis in animal models of 78 
inflammatory as well as non-inflammatory glomerular diseases11,12.  79 
 80 
As parietal epithelial cell activation is a key player for the development of glomerulosclerosis and 81 
crescent formation, inhibition of these cells could slow down the progression of glomerular 82 
diseases. Elucidation of the molecular pathways driving parietal epithelial cell activation may lead 83 
to the development of specific therapeutic interventions that attenuate the formation of the 84 
hyperplastic and glomerulosclerotic lesions in glomerular disease.  85 
 86 
In experimental animal models, it is frequently difficult to provide evidence for a direct effect of 87 
an altered gene expression (knock-out models or transgenic mouse models) or drug treatment 88 



   

on the parietal epithelial cells. In a conventional knock-out mouse the observed in vivo changes 89 
might be explained by direct changes in parietal epithelial cells. However, since the gene 90 
expression is also altered in other cell types within the mouse, one cannot exclude indirect effects 91 
mediated by other cell types. The development of conditional cre-lox mice driven by promoters 92 
mainly active in parietal epithelial cells has provided a solution in some cases13. Nevertheless, 93 
conditional transgenic models are complex and although more conditional lines become 94 
available, for many of the conventional knock-out or transgenic mouse lines there is not yet a 95 
conditional substitute.  96 
 97 
To study the direct effects on parietal epithelial cells, our group has developed an ex vivo assay 98 
using single encapsulated glomerular isolation from mouse kidneys to measure and analyze 99 
parietal epithelial cell proliferation and migration. This will enable us to determine parietal 100 
epithelial cell specific effects and to find responsible pathways for parietal epithelial cell 101 
activation and test treatment options to inhibit this activation.  102 
 103 
PROTOCOL: 104 
 105 
All animal experiments were performed according to the guidelines of the Animal Ethics 106 
Committee of the Radboud University Nijmegen.  107 
 108 
NOTE: Untreated, healthy wild type (WT) mice (n = 4) and cd44–/– (n = 4) mice were sacrificed 109 
at the age of 12−16 weeks. Both male and female mice were used. All mice were on the C57Bl/6 110 
background. 111 
 112 
1. Mouse kidney dissection  113 
 114 
1.1. Sacrifice healthy WT mice or genetically altered mice by cervical dislocation.  115 
 116 
1.2. Dissect whole mouse kidneys directly after sacrificing the mice. For this, perform a median 117 
laparotomy using abdominal scissors, cutting the skin and then the abdominal muscles. Remove 118 
the intestine and place it next to the mouse.  119 
 120 
1.3. Free the kidneys from connecting tissue and pull out the kidney using surgical forceps, 121 
cutting the renal artery, renal vein and ureter with scissors.  122 
 123 
1.4. Remove the renal capsules from the kidneys by holding the kidney with surgical forceps and 124 
pull off the capsule using another pair of forceps.  125 
 126 
1.5. Place the kidneys in a 6-well cell culture plate (2 kidneys/well) prepared with 2 mL of Hanks’ 127 
balanced salt solution (HBSS) per well and place on ice.  128 
 129 
2. Isolation of glomeruli from mouse kidney 130 
 131 



   

2.1. Transfer the kidneys to a 100 mm Petri dish and mince the kidneys into small pieces of 1−2 132 
mm using two scalpels. Keep the minced kidney pieces wet using 1−2 mL of HBSS. 133 
 134 
2.2. Place the minced kidney pieces on top of a 300 µm metal sieve and press the kidney through 135 
the sieve using a plunger of a 20 mL syringe. Repeatedly rinse the sieve with HBSS in between 136 
and collect the flow-through in a clean Petri dish using a serological pipet. Collect also everything 137 
that remains/sticks to the bottom side of the sieve by scraping it off with the scalpel and transfer 138 
it to the collected flow-through (kidney homogenate).  139 
 140 
2.3. Rinse the kidney homogenate through a 75 µm sieve with HBSS. Collect the flow-through 141 
and subsequently rinse this flow-through through a 53 µm sieve. Wash both sieves using HBSS to 142 
remove all smaller structures.  143 
 144 
NOTE: In this step the flow-though is only rinsed but not pressed through the 75 µm and 53 µm 145 
sieve. Washing with HBSS is necessary to remove debris and smaller structures on the sieves. 146 
Therefore normally 200−300 mL of HBSS are used in total.  147 
 148 
2.4. Collect the kidney structures/material that remain on the 75 µm and 53 µm sieve by washing 149 
the upper surface of the sieves with Dulbecco’s modified Eagle’s medium (DMEM) supplemented 150 
with 20% fetal calf serum (FCS) and transfer the material into a 6-well ultra-low attachment 151 
microplate.  152 
 153 
NOTE: To wash the upper surface of the sieve, rinse the sieve in a tilted position (>45°) and collect 154 
the kidney material at the edge of the sieve. The collected material is enriched for encapsulated 155 
as well as decapsulated glomeruli, showing only a few tubular fragments. Encapsulated glomeruli 156 
are very sticky. To collect single glomeruli, it is therefore important to prevent glomeruli to 157 
adhere to the surface of a Petri dish or well plate. To avoid adherence, use medium with 20% FCS 158 
and use ultra-low attachment plates for this step. 159 
 160 
3. Culturing of glomerular outgrowth 161 
 162 
3.1. Bring the ultra-low attachment microplate to an inverted light microscope and collect single 163 
encapsulated and/or decapsulated glomeruli with a 20 µL pipette. Avoid pipetting other 164 
structures and debris. After catching a single glomerulus in the pipette tip, add fresh DMEM 165 
medium without collected kidney material into the same pipette tip to a volume of 20 µL.  166 
 167 
3.2. Transfer the single glomerulus with the 20 µL DMEM medium to the center of a well of a 24-168 
well cell culture plate and incubate for 3 h at 37 °C and 5% (v/v) CO2 to allow attachment of the 169 
glomerulus to the center of the well. Carefully move the plate to avoid floating of the glomerulus 170 
to the boarders of the well.  171 
 172 
3.3. After 3 h incubation, the glomerulus is attached to the center of the well. Carefully add 500 173 
µL of endothelial basal medium (EBM) supplemented with a growth factor kit containing 174 
hydrocortisone, human endothelial growth factor, bovine brain extract and gentamicin sulfate-175 



   

amphotericin B (Table of Materials) and additional 5% (v/v) FBS and 1% (v/v) 176 
penicillin/streptomycin (pen/strep) to each well.  177 
 178 
3.4. Culture the single glomeruli for 6 days at 37 °C, 5% (v/v) CO2.  179 
 180 
NOTE: Within 6 days the outgrowth consisting of parietal epithelial cells are formed. If one aims 181 
to test the effects of specific compounds or drugs on the parietal epithelial cells it should be 182 
added to the medium within this six-day period. 183 
 184 
4. Analysis of parietal epithelial cell proliferation 185 
 186 
4.1. Analyze the glomerular outgrowth after 6 days. Take microscopic images using a digital 187 
inverted light microscope. 188 
 189 
4.2. Use an image analysis software (e.g., ImageJ/FIJI) to determine the surface area and the 190 
diameter of the glomerular outgrowth, and the number of outgrowing cells or outgrowing 191 
glomeruli. 192 
 193 
4.2.1. To determine the surface area of glomerular outgrowth, open the tif. file of the glomerular 194 
outgrowth with scale bar in ImageJ. Draw a straight line on the scale bar and determine the 195 
distance in pixels by clicking on analyze and measure (e.g., 1 mm = 460 pixel). 196 
 197 
4.2.2. Determine the scale by clicking on analyze, set scale and type the known distance in pixel 198 
(e.g., 460), also type the known distance (e.g., 1) and the unit of length (e.g., 1 mm). Click ok.  199 
 200 
4.2.3. Determine which results will show up in the results table by clicking on analyze and then 201 
set measurements. To determine the surface area of glomerular outgrowth, activate the options 202 
area and display label. Click ok. 203 
 204 
4.2.4. To determine the surface area of glomerular outgrowth, draw a freehand selection around 205 
the glomerular outgrowth. Click on analyze and then measure, a result table will pop up in ImageJ 206 
showing the surface area of outgrowth in the earlier determined scale (see step 4.4, e.g., mm2).  207 
 208 
5. Characterization of the glomerular cell outgrowth 209 
 210 
NOTE: To assess the cellular composition of the outgrowth, immunofluorescence staining for cell-211 
specific markers are performed on the glomerular outgrowths at t = 6 days.  212 
 213 
5.1. Carefully remove the medium and gently wash the glomeruli twice using phosphate-buffered 214 
saline (PBS). 215 
 216 
5.2. Fixate for 10 min at room temperature using 2% (v/v) paraformaldehyde (PFA) 217 
supplemented with 4% (w/v) sucrose in PBS and carefully wash 2x using PBS. 218 
 219 



   

5.3. Incubate with the primary antibody with appropriate concentration (Table of Materials) 220 
diluted in PBS-ovine serum albumin (BSA) 1% (v/v) for 1 h at room temperature. 221 
 222 
5.4. Remove the antibody solution and carefully wash 3x with PBS. 223 
 224 
5.5. Incubate with secondary antibody (Table of Materials) diluted in PBS-BSA 1% (v/v) in the 225 
dark for 45 min at room temperature. 226 
 227 
5.6. Carefully wash 3x with PBS and mount using 1−2 drops of mounting medium with 4′,6-228 
diamidino-2-phenylindole (DAPI) to visualize nuclei and cover the well with a round cover slip. 229 
 230 
5.7. Take microscopic images using a fluorescent microscope. 231 
 232 
REPRESENTATIVE RESULTS:  233 
A systematic diagram of the method to perform the glomerular outgrowth assay is shown in 234 
Figure 1. Figure 2A-D shows glomerular outgrowths of encapsulated glomeruli at different time 235 
points as observed using light microscopy. Outgrowths are shown at day 2, 4 and 6 (Figure 2B-D) 236 
in culture after glomerulus isolation from mouse kidney. In order to validate that the outgrowing 237 
cells are parietal epithelial cells, decapsulated glomeruli have also been isolated and cultured for 238 
6 days as shown in Figure 2E,F. Decapsulated glomeruli showed no cell outgrowth during the 239 
incubation period within 6 days. In Figure 3, immunofluorescence staining was performed for 240 
different parietal epithelial cell markers, podocyte specific markers as well as endothelial cell 241 
markers. The results validate that the outgrowing cells indeed are parietal epithelial cells. Figure 242 
4 shows the outgrowth of isolated encapsulated glomeruli from CD44-/- vs WT mice after 6 days 243 
in culture. Glomeruli isolated from CD44-/- mice showed a decreased number of outgrowing cells 244 
as well as a decreased surface area of glomerular outgrowth compared to the glomeruli isolated 245 
from WT mice, suggesting an important role for CD44 in parietal epithelial cell activation as 246 
published previously11. In Figure 5, an example is given, in which the surface area of the 247 
outgrowing parietal epithelial cells is determined using ImageJ.  248 
 249 
FIGURE LEGENDS:  250 
 251 
Figure 1: Schematic overview of the method to perform a glomerular outgrowth assay to 252 
analyze parietal epithelial cell proliferation. (1) Kidneys are dissected from sacrificed mouse and 253 
minced into small pieces. (2) Kidney tissue is pressed through the 300 µm sieve and rinsed 254 
through the 75 µm and 53 µm sieves. (3) Glomeruli that remain on top of the sieves are collected 255 
using medium + 20% (v/v) FCS and are transferred to an ultra-low attachment plate. (4) Single 256 
glomeruli are captured using an inverted light microscope and are transferred to 24-well culture 257 
plates. (5) After incubation at 37 °C, 5% (v/v) CO2 for 6 days, glomerular outgrowth can be 258 
analyzed using a digital inverted light microscope.  259 
 260 
Figure 2: Glomerular outgrowth of isolated capsulated glomeruli from kidneys dissected from 261 
WT mice. The outgrowth of encapsulated glomeruli incubated at 37 °C is shown at different time 262 
points: (A) 0 days, (B) 2 days, (C) 4 days, and (D) 6 days. Decapsulated glomeruli were also isolated 263 



   

and cultured at 37 °C and microscopic images were taken at (E) day 0 and (F) day 6 showing no 264 
outgrowing cells. Scale bars: (A,E,F) 200 µm, (B) 400 µm, (C,D) 1000 µm.  265 
 266 
Figure 3: Outgrowing glomerular cells show expression of parietal epithelial cell marker. 267 
Immunofluorescence staining was performed at day 6 after isolation of single encapsulated 268 
glomeruli to characterize the outgrowing epithelial cells. Outgrowing cells stained positive for 269 
parietal epithelial cell marker (A) CD44, (B) SSeCkS, and (C) claudin-1, but did not show expression 270 
of (D) the podocyte specific marker synaptopodin or (E) the endothelial cell specific marker CD31, 271 
which were exclusively localized inside the glomerulus. Scale bars: (A,B,D,E) 100 µm, (C) 50 µm. 272 
  273 
Figure 4: Glomerular outgrowth is impaired in glomeruli isolated from CD44 knockout mice. 274 
Encapsulated glomeruli were isolated from dissected kidneys of (A) WT mice and (B) CD44-/- 275 
mice. Microscopic pictures were taken after 6 days in culture using a digital inverted light 276 
microscope. The number of outgrowing parietal epithelial cells as well as the surface area of 277 
outgrowth was increased in the glomeruli from WT mice compared to CD44-/- mice suggesting 278 
an important role for CD44 in parietal epithelial cell activation. Scale bars: 1000 µm. 279 
 280 
Figure 5: An example of the analysis of the surface area of the glomerular outgrowth as a 281 
marker for parietal epithelial cell proliferation using ImageJ (FIJI). (A) Glomerular outgrowth of 282 
an encapsulated glomerulus of a WT mouse after 6 days in culture at 37 °C. (B) First, the scale is 283 
determined to analyze the surface area in mm2. Here: 1 mm = 460 pixel. (C) After setting the 284 
scale, a selection line is drawn around the area of glomerular outgrowth. (D) This selected area 285 
can then be measured (surface area in this example = 2.235 mm2). Scale bars: 1000 µm. 286 
 287 
DISCUSSION:  288 
Using the protocol described in this article, one can use single encapsulated glomeruli to evaluate 289 
parietal epithelial cell proliferation which is a consequence of parietal epithelial cell activation. 290 
This ex vivo model will enable us to study in detail the molecular pathways, which are involved 291 
in parietal epithelial cell activation. The described method relies on the simple concept of kidney 292 
dissection and sieving to isolate and culture encapsulated glomeruli and to compare proliferation 293 
and/or migration of parietal epithelial cells under different experimental conditions. The 294 
outcomes that can be analyzed after 6 days in culture are, for instance, the surface area or 295 
diameter of the outgrowth or the number of outgrowing cells of a single capsulated glomerulus. 296 
Another application for this assay could be to study the effects of drugs that induce or inhibit 297 
molecular pathways that may be involved in parietal epithelial cell activation. 298 
 299 
Immunofluorescence staining confirmed that the outgrowing cells after 6 days in culture are 300 
parietal epithelial cells as they stained positive for the parietal epithelial cell markers (CD44, 301 
claudin-1, SSeCKS) but did not express the podocyte-specific marker synaptopodin, nor the 302 
endothelial cell marker CD31. In line with the results of the staining, no outgrowing cells could 303 
be observed 6 days after isolation and culture of single decapsulated glomeruli, indicating that 304 
there is limited contamination of other glomerular cells in the cell outgrowth within this 6-day 305 
period. Another study also analyzed glomerular outgrowth and showed that the fast proliferating 306 



   

cells derived from the glomerular outgrowth are indeed descendent from parietal epithelial 307 
cells14. 308 
 309 
The staining protocol that was used to analyze the marker expression of the outgrowing cells can 310 
also be adapted to test other molecules of interest. The immunostaining was performed inside 311 
the wells of the plates in which glomeruli were incubated for 6 days. These wells were not coated 312 
but glomeruli attached to the wells during the first 2−3 h incubation. Incubation on glass inserts 313 
or a chamber slide system which would result in better imaging was not possible as glomeruli did 314 
not attach completely to the surface and glomerular outgrowth was impaired. This specific 315 
protocol was set up recently to study the parietal epithelia cell outgrowth from glomeruli of 316 
healthy WT and cd44-/-mice11. Using this method, it was shown that cd44-deficient parietal 317 
epithelial cells show a decreased proliferation rate, which is also demonstrated in Figure 4. This 318 
method can also be used for mice of other strains and also for other genetically altered mice. In 319 
a previous study for instance, a comparable approach was used to analyze the effects of 320 
glucocorticoid receptor signaling15. 321 
 322 
The use of this technique to isolate glomeruli from mice and analyze the cellular outgrowths has 323 
many advantages towards the use of immortalized parietal epithelial cell lines for the analysis of 324 
pathways involved in parietal epithelial cell activation or drugs that could influence the process 325 
of epithelial cell proliferation. First, in this method, primary cells are used which directly grow 326 
out of the glomerulus and are only 6 days in culture. Therefore, the parietal epithelial cells from 327 
glomerular outgrowths underwent fewer changes in phenotype compared to immortalized cell 328 
lines, which need additional growth passages to create the cell line16. Furthermore, the method 329 
described here can be used to compare the effect of specific gene knockout on parietal cell 330 
proliferation also for pathways that are difficult to knock out in cell lines because of impaired cell 331 
growth or efficiency of gene knockout using silencing methods.  332 
 333 
To adapt the protocol to other animal models or to human kidney tissue, the size of the sieves 334 
should be optimized to obtain the best result. This is because the glomerular size differs between 335 
species and therefore the size of the sieves on which the glomeruli can be collected varies. Also, 336 
it is important to isolate intact encapsulated glomeruli for the purpose of this method. Therefore, 337 
the glomeruli should not be pressed but gently rinsed through the smaller sieves.  338 
 339 
Another critical step in the protocol is the collection of the encapsulated glomeruli after sieving. 340 
Here, it is important to use medium with 20% FCS to avoid attachment of glomeruli to each other. 341 
In addition, the solution enriched with glomeruli should be directly transferred to ultra-low 342 
adhesion plates because, otherwise, glomeruli will directly attach to the surface of regular cell 343 
culture plates and even to the surface of plastic tubes which makes it difficult to capture and 344 
isolate single glomeruli.  345 
 346 
After collection of single encapsulated glomeruli, these should be cultured 3 h in a small volume 347 
of culturing medium at the center of the well to allow adherence. Floating of the glomeruli 348 
towards the boarder of the wells should be avoided to optimize the read-out during image 349 
analysis.  350 



   

 351 
To obtain the best results using the protocol described here, we would recommend to culture 352 
single glomeruli and perform the read-out at day 6. At this time point, a homogenous cellular 353 
outgrowth consisting of parietal epithelial cells can be observed. At later time points, glomerular 354 
outgrowth becomes phenotypically heterogenous indicating outgrowth of other cell types. 355 
Therefore, the protocol does not seem to be suitable for very long incubation times. One should 356 
keep in mind that incubation times for parietal epithelial cell outgrowth could vary between 357 
species or between different mouse strains. Therefore, culture times should be tested and 358 
optimized for each mouse strain or species. In addition, the origin of glomerular outgrowth 359 
should always be validated by staining for parietal epithelial cell specific markers.  360 
 361 
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1. Dissect kidneys and mince with a scalpel. Directly put on ice. 

2. Press through 300 µm sieve. Rinse through 75 and 53 µm sieves. 

3. Collect glomeruli and transfer to ultra-low attachment plate.

45
75 µm

53 µm

4. Capture single capsulated glomeruli, transfer to 24-well plate.

5. Incubate 3 h in 20 µL, add medium. Incubate 6 days at 37 °C.
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Name of Material/Equipment Company

24-well cell culture plate Corning Costar

anti-CD31 BD Pharmingen

chicken-anti-rat Alexa 647 Thermo Fisher

DAPI-Fluoromount G Southern Biotech

Digital inverted light microscope Westburg, EVOS fl microscope

donkey-anti-goat Alexa 568 Thermo Fisher

donkey-anti-rabbit Alexa 568 Thermo Fisher

Dulbecco's Modified Eagle's medium Lonza

EBM Medium Lonza

EBM-MV Single Quots kit Lonza

Fetal Bovine Serum Lonza

Fetal Calf Serum Lonza

Fluorescent microscope Leica Microsystems GmbH

goat-anti-synaptopodin Santa Cruz

Hanks'Balanced Salt Solution Gibco

ImageJ software FIJI 1.51n

petri dish Sarstedt

rabbit-anti-claudin1 Abcam

rabbit-anti-SSeCKs Roswell Park Comprehensive Cancer Center,Buffalo, NY, USA

rat-anti-CD44 BD Pharmingen

scalpel Dahlhausen

Sieves Endecotts Ltd

syringe BD Plastipak

Ultra-Low Attachment Microplates Corning Costar

Table of Materials Click here to access/download;Table of Materials;60324_JoVE_Materials.xls
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Comments/Description

Endothelial cell marker (used concentration 1:200)

(used concentration 1:200)

Mounting medium containing DAPI

(used concentration 1:200)

(used concentration 1:200)

containing hydrocortisone, hEGF, GA-1000, FBS and BBE

Podocyte marker (used concentration 1:200)

size 100

Parietal epithelial cell marker (used concentration 1:100)

kindly provided by Dr. E. Gelman, Parietal epithelial cell marker

Parietal epithelial cell marker (used concentration 1:200)

size 10

size 300 µm, 75 µm, 53 µm, steel

size: 20 ml

6-well plates
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1.. Defined Terms. As used in this Art¡cle and Video
License Agreement, the following terms shall have the
following meanings: "Agreement" means this Article and
Video License Agreement; "Article" means the article
specified on the last page ofthis Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; "Author"
means the author who is a signatory to this Agreement;
"Collective Work" means a work, such as a periodical issue,

anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contribut¡ons, const¡tuting separate and independent
works in themselves, are assembled into a collective whole;
"CRC License" means the Creative Commons Attribut¡on-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creat¡vecommons.org/licenses/by-nc-
nd/3.O/legalcode; "Derivative Work" means a work based

upon the Materials or upon the Materials and other pre-

existing works, such as a translation, musìcal arrangement,
dramatization, fictionalization, motion p¡cture version,
sound recording, art reproduction, abridgment,
condensation, or a ny other form in which the Materials may
be recast, transformed, or adapted; "lnstitution" means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Mater¡als; "JoVE" means MyJove Corporation, a

Massachusetts corporation and the pu blisher ofThe Journal
of Visualized Experiments; "Materials" means the Article
and / or the Video; "Parties" means the Author and JoVE;
"Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

ARTICLE AND VIDEO LICENSE AGREEMENT

of the Article, and in which the Author may or may not
appear.
2. Background. The Author, who is the author ofthe
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transm¡t videos based on the Article. ln

furtherance of such goals, the Parties desire to memor¡alize
in this Agreement the respective rights of each Party in and
to the Art¡cle and the Video.

3. Grant of Ríghts ín Article. ln considerat¡on of JoVE

agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Art¡cle
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such

translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the r¡ght to make such modifications
as are technically necessary to exercise the rights in other
media and formats. lf the "Open Access" box has been
checked in ltem 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

Title of Art¡cle: Glomerular outgrowth - An ex vivo assay to analyze pathways involved in parietal

epithelial cell activation , Author(s): Jennifer Eymael, Laura Miesen, Fieke Mooren, Jitske Jansen, Jack

Wetzels, Johan van der Vlag, Bart Smeets

Item t: The Author elects to have the Materials be made available (as described at
http ://www.jove.com/pu blish) via :

Xlstan¿aro Access noo"n Access

Item 2: Please select one of the following items

tr
n

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICTE AND VIDEO TICENSE AGREEMENT

612542.6 For questions, please contact us at submissions@jove.com or +1.677.945.9051

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement.pdf
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4. Retention of R¡ghts in Art¡cle. Notwithstand¡ng
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentat¡ons or
teaching classes, and to post a copy of the Article on the
lnstitution's website or the Author's personal website, in
each case provided that a link to the Article on the loVE
webslte is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
5. Grant of Rights in Video - Standard Access. This

Section 5 applies if the "Standard Access" box has been
checked in ltem 1 above or if no box has been checked in

Item 1 above. ln consideration ofJoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all

copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video - Open Access. This

Section 6 applies only if the "Open Access" box has been
checked in ltem 1 above. ln consideration of JoVE agreeing
to produce, display or otherwise ass¡st with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including wlthout
l¡m¡tat¡on in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptat¡ons, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the r¡ghts set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all ofthe above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requ¡rements set forth in, the CRC License.

7. Government Employees. lf the Author is a United
States government employee and the Article was prepared

in the course of his or her duties as a United States
government employee, as ¡ndicated in ltem 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights perm¡tted under such statute. ln such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.
8. Protection of the Work. The Autho(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infr¡nge the copyright of e¡ther the Author's Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in

connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Mater¡als, under
all applicable privacy, likeness, personality or similar laws.

10. Author Warranties. The Author represents and
warrants that the Article is original, that ¡t has not been
published, that the copyright interest ¡s owned by the
Author (or, if more than one author is listed at the begin ning
ofthis Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. lf more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License

Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute th¡s
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without lim¡tation all

institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Mater¡als,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
revìew board.
7I. JoVE Discretion. lf the Author requests the
assistance of JoVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE

employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. lf more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

672542.6 For questions, please contact us at submissions@jove.com or +1,.617.945.9051



a

ftrve I Áler!¡iÊ C.r¡tar 9:101¡

C¿nrbrrdqs. ir4À :121it)
l.Ji b1/ !l¡:t.1l1l3l
qlv!v louÉ r:om?¡sUÀUZFO '.' !r' ¡.

discret¡on, elect not take any action w¡th respect to the
Article until such time as ¡t has received complete, executed
Article and Video License Agreements from each such

author. JoVE reserves the right, ¡n its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submìtted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Mater¡als,
including, without limitat¡on, to all decisions regarding
edit¡ng, l¡ght¡ng, filming, tim¡ng of publication, if any,

length, quality, content and the like.
72. lndemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney's
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney's fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author's or the Author's institution's
facil¡ties, fraud, libel, defamation, research, equipment,
exper¡ments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submiss¡on of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

Signature

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All steril¡zat¡on, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein

shall include JoVE's attorney's fees and costs related to said

losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,

or ¡n connection with, acts or omissions of ioVE, its
employees, agents or independent contractors.
13. Fees. To cover the cost ¡ncurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 2L days of
invoice. Should the Materials not be published due to an

editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any

submitted Materials after final peer review approval will
result in a USs1,200 fee to cover pre-production expenses
incurred by JoVE. lf payment is not received by the
completion of filming, production and publ¡cat¡on of the
Materials will be suspended until payment is received.
74. Transfer, Governing [aw. This Agreement may be

assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be

governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provisìon thereunder. This Agreement
may be executed in counterparts, each of which shall be

deemed an original, but all of which together shall be

deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

Date:

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Department

lnstitution:

Title:

5- 2rt
Please submit a signed and dated copy of this license by one of the following three methods:

7. Upload an electronic version on the JoVE submission site
2. Fax the document to +1.866.387.2236
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 /Cambridge, MA 02140
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Dear Dr. Smeets, 

 

Your manuscript, JoVE60324 "Glomerular outgrowth - An ex vivo assay to analyze pathways involved 

in parietal epithelial cell activation," has been editorially and peer reviewed, and the following 

comments need to be addressed. Note that editorial comments address both requirements for video 

production and formatting of the article for publication. Please track the changes within the 

manuscript to identify all of the edits. 

 

After revising and uploading your submission, please also upload a separate rebuttal document that 

addresses each of the editorial and peer review comments individually. Please submit each figure as 

a vector image file to ensure high resolution throughout production: (.psd, ai, .eps., .svg). Please 

ensure that the image is 1920 x 1080 pixels or 300 dpi. Additionally, please upload tables as .xlsx files. 

 

Your revision is due by Jul 15, 2019. 

 

To submit a revision, go to the JoVE submission site and log in as an author. You will find your 

submission under the heading "Submission Needing Revision". Please note that the corresponding 

author in Editorial Manager refers to the point of contact during the review and production of the 

video article. 

 

Best, 

 

Peer Review, 

Peer Review 

JoVE 

617.674.1888 

Follow us: Facebook | Twitter | LinkedIn 

About JoVE 

____________________________________ 

 

Editorial comments: 

RE. We thank the editors for their comments and positive evaluation of our manuscript. We 

have addressed all editorial comments and concerns of the reviewers as described in point-

to-point rebuttal. 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the 

submitted revision may be present in the published version. 

 

RE: We have proofread the whole manuscript to ensure that there are no spelling or grammar issues.  

Rebuttal Letter Click here to access/download;Rebuttal Letter;JOVE Rebuttal
point to point.docx

http://www.editorialmanager.com/jove
http://www.jove.com/
https://www.facebook.com/JOVEjournal
https://twitter.com/jovejournal
https://www.linkedin.com/company/312490
http://www.jove.com/about
https://www.editorialmanager.com/jove/download.aspx?id=1092801&guid=abe1c1b3-c8e3-4e30-b8d2-18c40af811f0&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1092801&guid=abe1c1b3-c8e3-4e30-b8d2-18c40af811f0&scheme=1


 

2. All methods that involve the use of human or vertebrate subjects and/or tissue sampling must 

include an ethics statement. Please provide an ethics statement at the beginning of the protocol 

section indicating that the protocol follows the guidelines of your institution. 

 

RE: We have added an ethical statement in the protocol (section 1.0). The following text was 

added: “1.0) All animal experiments were performed according to the guidelines of the 

Animal Ethics Committee of the Radboud University Nijmegen.” 

 

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. Please 

remove all commercial language from your manuscript and use generic terms instead. All commercial 

products should be sufficiently referenced in the Table of Materials. You may use the generic term 

followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. 

Examples of commercial sounding language in your manuscript are: EGM-MV Single Quots, -

Fluoromount G, etc. 

 

RE: We have removed any commercial language from the manuscript. We changed EGM MV Single 

Quots to the following sentence: “500 µl Endothelial Basal Medium (EBM) medium supplemented 

with a growth factor kit containing hydrocortisone, human endothelial growth factor, bovine brain 

extract and Gentamicin sulfate-Amphotericin B (see table of materials)”.  

Also we have changed ‘Fluoromount G’ into ‘mounting medium with DAPI’.  

 

4. Please add more details to your protocol steps. There should be enough detail in each step to 

supplement the actions seen in the video so that viewers can easily replicate the protocol. Please 

ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add 

references to published material specifying how to perform the protocol action. See examples below. 

 

RE: We have checked every step in the protocol whether the “how” question was answered and 

added additional protocol information whenever necessary (see also answers to 5.-10.).  

 

5. 1.1: Please specify the age and gender of mice used. How many mice are used? 

 

RE: The following text was added to section 1.0: “Untreated, healthy WT mice (n = 4) and 

cd44–/– (n = 4) mice were sacrificed at the age of 12-16 weeks. Both male and female mice 

were used. All mice were on the C57Bl/6 background.” 



 

6. Please specify all surgical tools used throughout the protocol. 

 

RE: The following information was added to the surgical procedure of kidney dissection: “1.2) Dissect 

whole mouse kidneys directly after sacrificing the mice. For this,  perform a median laparotomy using 

abdominal scissors, cutting the skin and then the abdominal muscles. Remove the intestine and place 

it next to the mouse. Free the kidneys from connecting tissue and pull out the kidney using a surgical 

forceps, cutting the renal artery, renal vein and ureter with a scissor.  1.3) Remove the renal capsules 

from the kidneys by holding the kidney with a surgical forceps and pull off the capsule using another 

forceps.” Also additional information about the surgical instruments used is provided in the table of 

materials (see also answer to 14.) 

 

7. 1.3: How many kidneys are placed in each well of the plate? 

 

RE: The following text was added to the manuscript (section 1.4): 1.43) Place the kidneys in a 

6-well cell culture plate (2 kidneys/well) prepared with 2 ml Hanks’ Balanced Salt Solution 

(HBSS) per well and place on ice. 

 

8. 2.1: How many kidneys are transferred to one petri dish? How large is the petri dish? How small 

are the minced tissues? 

 

RE: Additional information was added to the following steps of the protocol: “1.4) Place the kidneys 

in a 6-well cell culture plate (2 kidneys/well) prepared with 2 ml Hanks’ Balanced Salt Solution (HBSS) 

per well and place on ice. 2.1) Transfer the kidneys to a 100 mm petri dish and mince the kidneys into 

small pieces of 1-2 mm using two scalpels. Keep the minced kidney pieces wet using 1-2 ml HBSS.” 

 

9. 4.1: Please use the active/imperative voice. 

 

RE: We have proofread the whole method section and changed 4.1 and 5.1 into the following 

sentences:” 4.1) Analyze the glomerular outgrowth after 6 days. Make microscopic images using a 

digital inverted light microscope.” And “5.1) Perform immunofluorescence staining for cell-specific 

markers on the glomerular outgrowths at t=6 days to assess the cellular composition of the 

outgrowth.” 

 

 



 

10. 4.2: Please describe the analysis step in more detail. For actions involving software usage, please 

provide all specific details (e.g., button clicks, software commands, any user inputs, etc.) needed to 

execute the actions. 

RE: We agree that additional information about the analysis method should be provided in the 

protocol. Therefore, we added the necessary steps for analysis of glomerular outgrowth using ImageJ 

(FIJI) in section 4. Analysis of parietal epithelial cell proliferation. Now, the following steps are 

described for analysis:” 4.1) Analyze the glomerular outgrowth after 6 days. Make microscopic 

images using a digital inverted light microscope. 4.2) Use an image analysis software, like ImageJ 

(FIJI), to determine the surface area and the diameter of the glomerular outgrowth, and the number 

of outgrowing cells or outgrowing glomeruli. 4.3) To determine the surface area of glomerular 

outgrowth, open the tif. file of the glomerular outgrowth with scale bar in ImageJ. Draw a straight 

line on the scale bar and determine the distance in pixels by clicking on analyze and measure (e.g. 1 

mm = 460 pixel). 4.4) Determine the scale by clicking on analyze, set scale and type the known 

distance in pixel  (e.g. 460), also type the known distance (e.g. 1) and the unit of length (e.g. 1 mm). 

Click ok.  4.5) Determine which results will show up in the results table by clicking on analyze and 

then set measurements. To determine the surface area of glomerular outgrowth, activate the 

options area and display label.  Click ok.  4.6) Determine the surface area of glomerular outgrowth. 

For this, draw a freehand selection around the glomerular outgrowth. Click on analyze and then 

measure, a result table will pop up in ImageJ showing the surface area of outgrowth in the earlier 

determined scale (see 4.4, e.g. mm2).” 

 

11. Please remove the titles from the uploaded figures. 

RE: We have done this in all 5 figures.  

 

12. Figure 1: Please include a space bweteen numbers and their corresponding units (300 µm, 75 µm, 

37 °C). However please delete the space between the number and the degree symbol (i.e., change 45 

° to 45°). Please abbreviate liters to L (µL) to avoid confusion. 

 

RE: This was changed in figure 1.  

 

13. Figure 3: Please include a scale bar, ideally at the lower right corner, for all microscopic images to 

provide context to the magnification used. Define the scale in the appropriate figure Legend. 

 

RE: Scale bars were added to figure 3 at the lower right corner for all microscopic images. The scale 

was defined in the appropriate figure legend. Therefore the following was added to figure legend 3:  

” Scale bars: A-B, D-E) 100 µm, C) 50 µm.” 

 



 

14. Table of Materials: Please ensure that it has information on all relevant supplies, reagents, 

equipment and software used, especially those mentioned in the Protocol. Please sort the materials 

alphabetically by material name. 

 

RE: This was checked and the materials were sorted alphabetically by name. Additional information is 

provided about ImageJ software, syringes, sieves, petri dish and scalpel in the table of materials.  

 

15. References: Please do not abbreviate journal titles; use full journal name. 

 

RE: This was done using JoVE Style in EndNote. Now, all journal titles in the reference list are written-

out.   

 

 

Reviewers' comments: 

 

Reviewer #1: 

 

Manuscript Summary: 

The authors presented the methods of primary culture of glomerular parietal cells from the mice. 

 

Major Concerns: 

 

1. The methods of parietal cell culture in the rodent has already been described by Yaoita et al. (Eur J 

Cell Biol. 1995 Jun;67(2):136-44) and others. The process is similar to it. Author should cite such 

papers and state advantage of the current method. In addition, reference may be better focusing on 

the culture technique, not the importance of parietal cell in various animal models. 

 

RE: We agree and have cited this article in the discussion section: Another earlier study also analyzed 

glomerular outgrowth and showed that the fast proliferating cells derived from the glomerular 

outgrowth are indeed descendent from the parietal epithelial cells. 

 

 

2. How many percent of glomeruli forms outgrowth? In our experience, the ratio is not very high. 

The success may be based on some critical points in this method, including isolation of encapsulated 

glomeruli under 20% FCS. Did authors try to investigate % of outgrowth under different conditions 

and confident the condition described here is the best? In this context, authors should provide the 

background data to recommend the particular condition. 



 

RE: The method works very well with the used condition. Earlier results showed that isolation of 

glomeruli from wildtype mice resulted in ca. 80% outgrowing glomeruli which was published in our 

research paper “CD44 is required for the pathogenesis of experimental crescentic glomerulonephritis 

and collapsing focal segmental glomerulosclerosis (Kidney International (2018) 93, 626–642)” and is a 

good percentage of outgrowth to work with. Furthermore, in the same study it was shown that 

glomeruli isolated from CD44-/- mice only showed outgrowth of 30% of the isolated glomeruli. 

Therefore, the percentage of outgrowing glomeruli highly depends on the genotype and is very likely 

to also differ between different species and different experimental conditions. Optimal culture 

conditions should be optimized to answer the specific research questions individually. The protocol 

described in this method paper tends to give a optimal step by step overview of a practical good 

working standard protocol which can be used and was validated for the used animal model.  

 

3. The image of immunostaining with CD44, Claudin1 and SSeCKs are unclear, because they are not 

sheet-like features; may have some artefact during staining process. Better to revise. At least the 

authors should describe the % of positive cells in each staining and time course expression of these 

markers. Better to include PAX8 that express in the parietal cell nuclei in vivo. In addition, large 

magnification of one or two cells that show intracellular localization clearly. 

 

RE: An additional set of mice would be necessary for the collection of glomeruli . Currently, 

we have no approval of the ethical commission to perform additional glomerular isolation 

for new experiments. In order to deliver a new set of outgrowths for additional staining 

would require months, mainly due to the time consuming process of the ethical approval 

application. Therefore, we were not able to repeat all the necessary animal experiments  to 

perform a PAX8 staining. Indeed parietal epithelial cells show high expression of markers 

such as PAX8 or PAX2 which would also be interesting to investigate. For this study we have 

tested 3 other parietal epithelial cell markers which were earlier also successfully used by 

our group and also described by others. Staining for all 3 markers was performed at day 6 

after glomerular isolation and the vast majority of the cells show expression of all 3 parietal 

epithelial cell markers.  

Furthermore, a CD44 immuno-fluorescence staining of isolated glomeruli from wildtype 

versus CD44 -/- mice was published earlier in our research paper “CD44 is required for the 

pathogenesis of experimental crescentic glomerulonephritis and collapsing focal segmental 

glomerulosclerosis (Kidney International (2018) 93, 626–642)”. Here, clearly the glomerular 

outgrowth of CD44 -/- showed no CD44 expression whereas the vast majority of outgrowing 

cells of glomeruli isolated from wild type mice showed CD44 expression in locations typical 

for a receptor staining which can also be observed in the recent staining (figure 3A). This also 

indicates that no artefact is shown. Also expression of SSecKs (cytoplasmatic) and Claudin-1 

can be observed at the typical locations.  

 



Minor Concerns: 

 

1. Please provide efficient use of this technique other than immunolabeling and the merit comparing 

with immortalized cell line established by Ohse et al. J Am Soc Nephrol. 2008 Oct;19(10):1879-90. 

 

RE: To make the advantages of our method clear, we added some explanation about the advantages 

of our technique to the discussion section. The use of this technique to isolate glomeruli from mice 

and analyze the cellular outgrowths has a lot of advantages towards the use of immortalized parietal 

epithelial cell lines for the analysis of pathways involved in parietal epithelial cell activation or drugs 

which could influence the process of epithelial cell proliferation. First, in this method, primary cells 

are used which directly grow out of the glomerulus and are only 6 days in culture. Therefore, the 

parietal epithelial cells from glomerular outgrowths underwent less changes in phenotype compared 

to immortalized cell lines, which need additional growth passages to create the cell line.{Ohse, 2008} 

Furthermore, the method described here, can be used to compare the effect of specific gene knock 

out on parietal cell proliferation also for pathways which are difficult to knock out in cell lines 

because of impaired cell growth or efficiency of gene knock out using silencing methods. 

 

Reviewer #2: 

 

Manuscript Summary: 

The manuscript „Glomerular outgrowth - An ex vivo assay to analyze pathways involved in parietal 

epithelial cell activation" by Eymael et al. provides a detailed protocol for the culturing and 

visualization of parietal epithelial outgrowths from capsulated glomeruli to study PEC activation ex 

vivo. The steps are described clearly and comprehensively. The inability for glomeruli to adhere to 

microscopy-compatible plates/slides is a pity. This would have improved the versatility of the 

method. 

 

Major Concerns: 

- Is CD44 present in all outgrowth cells? Has a mesangial cell marker been used to control for 

outgrowth of mesangial cells? 

RE: CD44 is present in the vast majority of outgrowing cells at the specific time point tested in our 

experimental conditions. Also we have not only tested CD44 as parietal epithelial cell marker but a 

combination of 3 markers which are expressed by parietal epithelial cells including SSecKs and 

Claudin-1. As we know so far, all 3 markers are in vivo not expressed by mesangial cells. For sure, this 

may change during in vitro culturing conditions but it seems very unlikely that mesangial cells will 

show expression of all 3 markers during the time frame of 6 days in culture. Therefore we can be sure 

that the vast majority of outgrowing cells are indeed parietal epithelial cells at the recommended 

experimental time points (6 days after glomerular isolation).  

Contamination with a small number of other cells in the glomerular outgrowth cannot be completely 

excluded. Importantly, at later time points, not only parietal epithelial cells can be observed in the 

glomerular outgrowth but also outgrowth of other cell types as also stated in the discussion of the 

paper.  



 

- Scale bars sare missing in Figure 3. 

 

RE: Scale bars were added to figure 3 at the lower right corner for all microscopic images. The scale 

was defined in the appropriate figure legend. Therefore the following was added to figure legend 3:  

” Scale bars: A-B, D-E) 100 µm, C) 50 µm.” 

 

 

- Is this method sensitive to the type of medium used (in regards to numbers of PEC outgrowths)? 

Can the authors elaborate why PECs are activated by their method? What might the stimulus for PEC 

migration and activation in in vitro culture? 

 

RE: The method works very well with the used medium. Therefore, it was not necessary to test other 

media, so we don’t know if better results would be obtained in another medium. Furthermore, 

isolation of glomeruli from wildtype mice resulted in ca. 80% outgrowing glomeruli which 

was published earlier in our research paper “CD44 is required for the pathogenesis of 

experimental crescentic glomerulonephritis and collapsing focal segmental 

glomerulosclerosis (Kidney International (2018) 93, 626–642)” and is a good percentage of 

outgrowth to work with.“  

It is indeed striking that PECs in culture seem to be activated based on their CD44 expression. 

Normally, PEC proliferation and migration is limited due to contact inhibition signaling. However, In 

the early outgrowth these cells can proliferate and migrate. CD44 is important for cell migration  and 

can stimulate cell proliferation. Therefore, CD44 may be necessary for PECs to migrate from the 

glomerulus into the culture flask. In fact CD44 deficient PECs show a limited potential to form 

glomerular outgrowths. Nevertheless, It would be interesting to find the culture conditions in which 

PECs show less CD44 expression as PECs in vivo. 

 

Minor Concerns: 

- Add sieves to materials list 

 

RE: ”Sieves were added to the materials list.” 

 

- Which age of the mice has been used/tested for PEC outgrowth? (in mice age 7 days and less 

podocytes are also able to do outgrowths) 

RE: The following text was added to step 1.0: “Untreated, healthy WT mice (n = 4) and cd44–/– (n = 

4) mice were sacrificed at the age of 12-16 weeks. Both male and female mice were used. All mice 

were on the C57Bl/6 background. “ 



 

- Is kidney perfusion with PBS necessary or would it be helpful? 

 

RE: We have not tested kidney perfusion with PBS for this method. It is in our experience not 

necessary. We don’t think that perfusion with PBS would influence the glomerular outgrowth or the 

method of glomerulus isolation because kidneys are minced into small pieces and washed with HBSS 

directly after kidney dissection from sacrificed mice.  

 

- What is the approximate volume of HBSS rinsing solution used (total or per step) 

 

RE: Additional information was added to step 2.3 of the protocol: “ Rinse the kidney homogenate 

through a 75 µm sieve with HBSS. Collect the flow-through and subsequently rinse this flow-through 

through a 53 µm sieve. Wash both sieves using HBSS to remove all smaller structures. Note: In this 

step the flow-though is only rinsed and NOT pressed through the 75 µm and 53 µm sieve. Washing 

with HBSS is necessary to remove debris and smaller structures on the sieves. Therefore normally 

200-300 ml HBSS are used in total. “ 

 

- Is the flowthrough poured directly from the Petri dish or with a serological pipette? 

 

RE: This information was added to step 2.2. of the method section.  


