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Letter to the Editor

Drugs targeting dynamin can restore cytoskeleton and focal 
contact alterations of urinary podocytes derived from patients 
with nephrotic syndrome
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Introduction

The actin cytoskeleton is responsible for the maintenance 
of shape and function of podocytes.

Dynamic and constitutively active assembly and 
disassembly of actin fibers of the podocytic actin cytoskeleton 
are indispensable for normal kidney filter function. Actin 
and actin-related gene mutations like alpha actinin 4 (1), 
myosin IE (MYO1E), alpha 3 integrin (ITGA3), Rho 
GTPase activating protein 24 (ARHGAP24), anillin (ANLN) 
and CD2-associated protein (CD2AP) (2-4) can cause 
dysregulations in podocyte actin cytoskeleton leading to 
nephrotic syndrome, loss of podocytes and focal segmental 
glomerulosclerosis (FSGS) lesions.

Loss of podocytes into the urine (podocyturia) has been 
found in different glomerular diseases. Some of the urinary 
podocytes are fully viable, can be cultured, and continue 
to synthesize podocyte-specific proteins in vitro (5-8). We 
previously published that excretion of podocalyxin positive 
glomerular epithelial cells in the urine correlates with 
disease activity in different glomerular diseases (7,9). 

Podocytes are highly differentiated post-mitotic cells 
without regenerative capacities. Therefore, once lost in the 
urine, they cannot be replaced. 

However, damaged podocytes that are still attached 
display a remarkable capacity to recover their actin 
cytoskeleton and reform foot processes in vivo and in vitro. 
Podocyte foot processes are rich in microtubules and 

cortical actin that support their structural stability and 
podocytes are known to respond to a variety of vasoactive 
substances with changes of their cytoskeleton (10,11). 
Therefore, the podocyte actin cytoskeleton has been 
suggested as a new target for therapy of glomerular diseases. 
We recently described that Bis-T-23, which increases actin 
polymerization in injured podocytes, was able to reverse 
glomerular damage in diverse vertebrate models of kidney 
diseases (12). However, so far Bis-T-23 could not be used 
as a drug in humans and it is unclear if targeting dynamin 
would be successful in human disease. Here we report 
how the ex vivo treatment of podocytes that detached 
from the glomerular basement membrane in active human 
glomerular diseases respond to a treatment with drugs 
acting dynamin oligomerisation with cytoskeleton and focal 
adhesion recovery. In the future this form of personalized 
recovery assay might serve as a diagnostic tool to assess 
potential therapy option for podocyte foot process recovery.

Results

The urine sediments of two proteinuric patients, one 
with FSGS and one patient with idiopathic membranous 
glomerulonephropathy (iMGN) (see Table S1 for additional 
clinical information) were cultured overnight as described 
previously (7). Proteinuria at that time was 8.63 g/d for 
the patient with iMGN and 2.56 g/d for the patient with 
FSGS, retrospectively. We could detect podocalyxin 
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positive (PDX+) cells in both sediments that were able 
to attach to collagen slides. On average, the FSGS 
patient excreted 88 PDX+ cells per mL urine and the 
iMGN patient excreted 40 PDX+ cells per mL urine. 
Staining of the urinary cells for phalloidin to detect actin 
filaments revealed that the pattern of actin expression 
was rearranged in both patients. Cells expressed actin 
in in ring structures that were located at the edge of the 
cells. Vinculin staining of the cells was used to detect and 
determine number and size of focal contacts (Figure 1A). 
We treated the urinary cells with Bis-T 23 (1 µL/mL) or 
Iminodyn (1 µL/mL) dissolved in DMSO or with DMSO 
alone for 1 h. We found that both, Bis-T-23 as well as 
Iminodyn were able to rearrange the actin cytoskeleton 
and increased vinculin expression in urinary cells from 
both patients (Figure 1). 

Discussion

In many primary or secondary glomerular diseases 
podocytes detach from their basement membrane, are shed 
into the urine and leave FSGS lesions (13). The number of 
podocytes in the urine correlates with disease activity and 
even precedes proteinuria (14). Moreover, podocyturia is 
predominantly seen in active disease whereas proteinuria is 
present in active and chronic stages of glomerular diseases 
(7,15). Despite detachment during the disease process, 
urinary podocytes retain their ability to attach to tissue 
culture plates in vitro. Their ability to rearrange their 
cytoskeleton further indicates their viability (7-9). Podocyte 
loss is associated with dysregulation in the actin-driven 
membrane extensions (16) and dysregulation of the actin 
cytoskeleton upon podocyte injury is a highly dynamic 
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Figure 1 Cells derived from cultured urine samples from a patient with FSGS (A) and iMGN (B). Urine sediment was cultured overnight 
and treated with DMSO (0.1%), BisT (1 µL/mL) or Iminodyn (1 µL/mL) for 1 h. Cells were stained with Vinculin (green) and phalloidin 
(red) to illustrate actin cytoskeleton. Nuclei were stained with DAPI in blue. The merged picture is an overlay of all three staining. Size 
bar =20 µm. Panels below the pictures illustrate vinculin positive adhesion area per urinary cell. Total n=88 cells per 50 mL urine for FSGS 
and 40 cells per 50 mL urine for iMGN: **, P<0.05; ***, P<0.001. FSGS, focal segment glomerulosclerosis; iMGN, idiopathic membranous 
glomerulosclerosis; CTRL, control = DMSO.
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process (17). 
The large GTPase dynamin regulates actin cytoskeleton 

formation (18). Cleavage of dynamin by a cytoplasmic form 
of cathepsin L leads to reorganization of the podocyte actin 
cytoskeleton, podocyte failure and proteinuria. Dynamin 
mutants resistant to cathepsin L cleavage can restore 
podocyte function and resolve proteinuria (19,20). The 
double-knockout of dynamin 1 and dynamin 2 in mouse 
podocytes leads to podocyte effacement (21).

Bis-T-23 and Iminodyn prolong dynamin ring lifetime 
and facilitate the formation of filamentous actin (22). 
With these small molecules actin-dependent dynamin 
oligomerisation of the cytoskeleton can be targeted. 

We previously demonstrated that Bis-T-23 restored 
the normal ultrastructure of podocyte foot processes and 
lowered proteinuria in different renal disease models (12). 
Treating cultured mouse podocytes with Bis-T-23 promotes 
stress fiber formation and focal adhesion maturation in a 
dynamin-dependent manner (20,23). 

Here we report the response of excreted vital podocytes 
from two patients with different forms of active glomerular 
disease to two small molecules targeting dynamin. These 
lost podocytes showed rearrangements of their cytoskeleton 
and redistribution of vinculin and actin fibers. Normally, 
vinculin is expressed in focal adhesions of podocytes where 
it transmits outside-in and inside-out signalling to modulate 
actin polymerization, cell morphology and motility (24). 

We found that Bis-T-23 and Iminodyn were both able 
to induce actin and vinculin rearrangement and recovery in 
these injured cells. This is the first experimental evidence 
that ameliorating alterations in actin cytoskeleton might 
be beneficial in humans with nephrotic diseases. Together 
with our previous publications in different vertebrate 
models these findings underline the potential for dynamin 
targeting drugs as a novel treatment concept for human 
glomerular diseases. Moreover, podocyturia may serve as 
a noninvasive marker of active glomerular damage and 
might drive therapeutic treatment decisions. The treatment 
response of lost podocytes ex vivo with substances that 
restore their cytoskeleton might serve as a tool to estimate a 
potential recovery rate in the course of the diseases process 
in response to therapy.

Methods

Spot urine samples of patients were centrifuged at 1,200 rpm 
for 8 min, the supernatant was removed and the pellet was 
suspended in a sterile HDF solution (137 mM NaCl, 5 mM 

KCl, 5.5 mM glucose, 4 mM NaHCO and 0.2% EDTA). 
After additional centrifugation at 1,200 rpm for 8 min, 
the pellet was re-suspended in DMEM/F-12 medium 
containing 10% FCS, 0.5 U/L penicillin and 0.5 mg/dL 
streptomycin. The re-suspended pellet was seeded equally 
in a 24-well dish containing collagen I coated cover slides. 
Samples were incubated at 37 ℃ with 5% CO overnight. The 
following day, medium of the slides was added with 1 µL/mL 
BisT, 1 µL/mL Iminodyn or 0.1% DMSO for 1 h.

Slides were then fixed at −20 ℃ for 10 min using ice-
cold methanol and permeableized using 0.1% Triton. After 
blocking with 10% donkey serum, immunofluorescent 
staining was done with primary antibodies overnight at 4 ℃ 
followed by incubation in secondary antibody for 1 h at 
room temperature. Finally, slides were mounted on glass 
slides using Vecta Shield with DAPI (Vector laboratories, 
Burlingame, CA, USA). Primary antibodies used were 
vinculin mouse anti-vinculin (V9131, sigma Aldrich) and 
rabbit anti-phalloidin, (Alexa Fluor 546, Invitrogen). We 
quantified vinculin positive adhesions per cell using Image J 
software.
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Supplementary

Table S1 Patients’ characteristics

Disease Age

Proteinuria/d (g/d)
UPC-ratio (mg/g 

creatinine)
Serum creatinine (µmol/L)

Podocyturia (cells/50 mL 
urine)

Before 
therapy

4 months 
after therapy

Before 
therapy

After 
therapy

Before 
therapy

4 months 
after therapy

Before 
therapy

4 months after 
therapy

iMGN 32 8.63 2 3.829 793 154 148 88 0

FSGS 55 2.56 0.62 985 817 102 114 40 0

UPC, urine protein creatinine ratio; iMGN, idiopathic membranous glomerulonephropathy; FSGS, focal segment glomerulosclerosis.


