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Abstract We report the case of a 38-year-old woman
diagnosed with Gitelman syndrome. A kidney biopsy
showed abundant floating cells in the Bowman’s space of
the mildly cystic glomeruli, moderate tubulointerstitial
changes and apparent intimal thickening of small arteries.
These floating cells were immunohistologically identified
as podocytes, by the expression of podocalyxin, vimentin,
Wilms’ tumor 1, synaptopodin and nephrin with positivi-
ties of 100 %, 88.4 %, 80.4 %, 74.7 % and 22.6 %,
respectively. In these phenotypes, nephrin expression was
notably decreased in both detached and capillary-attached
podocytes in comparison with normal control podocytes.
Immunostaining of both detached and capillary-attached
podocytes for Bax, Bcl-2, desmin, fibroblast-specific pro-
tein-1, a-smooth muscle actin and Ki-67 was negative, as
were TUNEL assays. These results suggest that apoptosis
and epithelial -mesenchymal transition were not the main
cause of podocyte detachment in this patient. In addition,
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levels of urinary podocalyxin were not elevated, suggesting
the detached podocytes were not excreted in the urine. To
the best of our knowledge, this is the first report of severe
intraglomerular non-apoptotic detachment of podocytes in
Gitelman syndrome. This podocyte detachment may be
associated with nephron obstruction and reduced nephrin
expression.
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Gitelman syndrome

Introduction

Podocyte detachment is occasionally seen in the collapsing
variant type of focal segmental glomerulosclerosis (FSGS)
and in diabetic nephropathy. In FSGS, an undifferentiated
phenotype (i.e., the complete loss of maturity markers,
including synaptopodin, podocin and podocalyxin, and the
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re-expression of proliferative markers such as Ki-67 and
proliferating cell nuclear antigen), phenotype dysregulation
(i.e., the complete loss of Wilms’ tumor 1 [WT-1]), and
transdifferentiation toward a macrophage-like phenotype
have all been observed in detached podocytes [1-3]. In
diabetic nephropathy, the epithelial —-mesenchymal transi-
tion (EMT) marker, fibroblast-specific protein-1 (FSP-1),
was recently observed in detached podocytes [4]. Thus
mechanisms other than apoptosis must also be regarded as
important contributors to podocyte detachment.

Transforming growth factor-beta (TGF-f) reportedly
plays an important role in podocyte detachment [4-6].
Induction of TGF-f through mechanical stretch or ATII-
derived oxidative stress may cause podocyte apoptosis and/
or detachment from the glomerular basement membrane
[7-9] by increasing the production of metalloprotease [10,
11] and decreasing the production of «3f1 integrin [12,
13]. Moreover, one recent paper showed that TGF-f1
reduced nephrin expression in conditionally immortalized
human podocytes [14].

Gitelman syndrome (GS) is an autosomal recessive renal
tubular disorder [15] caused by homozygous or compound
heterozygous mutation of the SLCI2A3 gene, which

encodes the thiazide-sensitive Na—Cl cotransporter. The
renal pathological findings (e.g., enlargement of the jux-
taglomerular apparatus (JGA), interstitial fibrosis and
thickening of the walls of small arteries) in Bartter
syndrome patients have been reported numerous times
[16—18], but they have been rarely reported in GS patients
because GS was often diagnosed by genetic analysis. In
addition, there have been no case reports showing podocyte
detachment in GS patients. Here we report the case of a
38-year-old woman diagnosed with GS and showing severe
intraglomerular non-apoptotic detachment of podocytes.

Case report

A 38-year-old woman was referred to our hospital with
hypokalemic alkalosis. She had no history of familial dis-
orders, growth disorders, habitual vomiting, heavy metal
exposure, drug abuse or habitual use of Chinese medicine,
cathartics or diuretics.

On admission, the patient was 154 cm tall and weighed
36.6 kg. Blood pressure was 92/58 mmHg and pulse rate was
66/min and regular. Physical examination findings were normal.

Fig. 1 Kidney biopsy specimens (periodic acid-Schiff stain); light microscopy shows moderate enlargement of the juxtaglomerular apparatus
(a x400), severe podocyte detachment (b x200), (¢ x1000) and marked intimal fibrous thickening of small arteries (d x400)
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Laboratory tests showed the following values: serum
creatinine 1.68 (0.5-1.0) mg/dL, blood urea nitrogen
34 (8-20) mg/dL, serum potassium 2.3 (3.4-5.1) mEq/L,
serum chloride 67 (98-108) mEq/L, plasma bicarbonate
49.7 (22-26) mmol/L, serum uric acid 13.9 (2.6-7.0) mg/dL,
plasma rennin activity 9.5 (0.2-3.9) ng/mL/h, serum
angiotensin II (ATII) 114 (<50) pg/mL, and serum aldo-
sterone 92 (35-240) pg/mL. Serological test results for
hepatitis B, C and human immunodeficiency virus anti-
bodies were negative. The patient’s plasma magnesium
Mg) level was decreased to 0.66 mmol/L, fractional
excretion of Mg was increased to 9.7 % (<4), fractional
excretion of potassium was markedly increased to 35 %
(<16) and the urinary calcium/creatinine molar ratio was
decreased to 0.025 (>0.1). Urinalysis revealed no abnormal
findings, and the 24-h urinary protein and f,-microglobulin
concentrations were 0.05 g/day and 1810 ng/mL (<271),
respectively. The glomerular filtration rate and filtration

A (Vimentin)

D (Podocalyxin)

F (Synaptopodin)

Fig. 2 Immunohistologically, detached and capillary-attached podo-
cytes were positively stained with antibodies against vimentin (a—c),
podocalyxin (d, e) and synaptopodin (f-h). The expression of
vimentin (a, b) and synaptopodin (f, g) were less in detached

fraction were 32.7 mL/min and 0.23, respectively. Urinary
podocalyxin concentration was not increased at 36 pg/gCr
(<162) [19]. A genetic analysis showed one heterozygous
mutation (Val578Met) of the SLC12A3 gene. Although, by
itself, this single mutation is not sufficient to make a
diagnosis of GS and enlargement of the JGA was observed,
we diagnosed this patient as GS based on the additional
presence of hypokalemic alkalosis, hypomagnesemia and
hypocalciuria.

Kidney biopsy

A kidney biopsy revealed 78 glomeruli were present; 22
(28 %) were globally sclerotic, 32 were missing tufts, and
the remaining glomeruli showed a mild increase of mes-
angial cells or matrix. Segmental sclerosis was absent.
Enlargement of the JGA was observed in seven glomeruli

-

podocytes than in capillary-attached podocytes of apparently normal
glomeruli (¢, h). The expression of podocalyxin of detached
podocytes was almost equal to that of capillary-attached podocytes
(d, e). (a, f x200; b, d, g x1000; c, e, h x400)

@ Springer



498

Clin Exp Nephrol (2012) 16:495-500

(Fig. 1a). A considerable number of mononuclear cells
(290 =4 105 cells/cross section) were found in the Bow-
man’s space of mildly cystic glomeruli (Fig. 1b, c). Diffuse
moderate interstitial fibrosis with infiltration of mononu-
clear cells and tubular atrophy were observed. Some
tubules showed microcystic dilatation with casts. Addi-
tionally, small arteries showed marked intimal fibrous
thickening (Fig. 1d), and arterioles showed mild wall
thickening.

The abundant mononuclear cells in the Bowman’s space
were positively stained against vimentin (Dako Denmark
A/S, Glostrup, Denmark) (Fig. 2a, b), podocalyxin (RE-
LIATech GmbH, Braunschweig, Germany) (Fig. 2d),
synaptopodin (PROGEN Biotechnik GmbH, Heidelberg,
Germany) (Fig. 2f, g), WT-1 (Abcam, Cambridge, UK)
(Fig. 3a, b) and nephrin (Abnova Corporation, Taipei,
Taiwan) (Fig. 3d) and negatively stained against CD3
(Dako Denmark A/S), CD20 (Dako Denmark A/S), CD14
(Dako Denmark A/S), CD34 (Dako Denmark A/S), CD68
(Dako Denmark A/S), plasma cell (Dako Denmark A/S),
cytokeratin (Dako Denmark A/S) and claudin-1 (Bioworld
Technology Inc., St. Louis Park, MN, USA) (data not
shown). These findings identified the cells as podocytes. In
Table 1, we showed the positive rate which means a per-
centage of positive podocytes against each podocyte
staining in all detached podocytes in Bowman’s capsule.
The detached podocytes showed various degrees of
immunoreactivity against podocyte-specific antibodies.

A (WT-1)

D (Nephrin)

Fig. 3 Detached and capillary-attached podocytes were positively
stained with antibodies against Wilms’ tumor 1 (WT-1) (a—c) and
nephrin (d-f). The expression of WT-1 (a, b) was less in detached
podocytes than in capillary-attached podocytes of apparently normal
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The expression of vimentin, synaptopodin and WT-1 was
lower in detached podocytes (Figs. 2a, b, f, g, 3a, b) than in
capillary-attached podocytes in apparently normal glome-
ruli (Figs. 2c, h, 3c). The expression of podocalyxin and
nephrin of detached podocytes (Fig. 2d, 3d) was almost
equal to that of capillary-attached podocytes (Figs. 2e, 3e).
However, nephrin expression of apparently normal
glomeruli in our patient (Fig. 3e) was significantly less
than that of a normal adult control (Fig. 3f).

Both the detached and capillary-attached podocytes
were negatively stained against desmin (Acris Antibodies
GmbH, Herford, Germany), FSP-1 (Nara Medical Uni-
versity, Nara, Japan), o-smooth muscle actin (x-SMA)
(Dako Denmark A/S), Ki-67 (Dako Denmark A/S), Bax
(Acris Antibodies GmbH), Bcl-2 (Dako Denmark A/S) and

Table 1 Positive rate against various antibodies in all detached
podocytes

Antibody Positive rate (%)
Podocalyxin 100

Vimentin 88.4

Wilms’ tumor 1 80.4
Synaptopodin 74.7

Nephrin 22.6

The positive rate means a percentage of positive podocytes against
each podocyte staining in all detached podocytes in Bowman’s
capsule

F (normal control)

glomeruli (c). The expression of nephrin in both detached podocytes
(d arrow heads) and capillary-attached podocytes (e arrows) was
almost equally decreased in comparison with that in a normal adult
control (f). (a x200; b, d x1000; c, e, f x400)
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TUNEL assay (Chemicon International Inc., Billerica, MA,
USA) (data not shown).

Because electron microscopy disclosed no glomeruli in
the specimens, precise ultrastructural information was not
obtained.

Discussion

No markers of transdifferentiation toward a macrophage-like
phenotype, EMT markers or apoptosis markers were con-
firmed in detached podocytes from our patient. Instead, cap-
illary-attached podocytes in apparently normal glomeruli
exhibited a global reduction and segmental loss of nephrin that
was nearly equal to the loss seen in detached podocytes
(Fig. 3d, e); this suggests a reduction in podocyte protein
synthesis may occur before podocyte detachment.

The expression of podocalyxin in detached podocytes
was similarly as strong as observed in capillary-attached
podocytes, being clearly different from other podocyte-
specific proteins (Table 1). This suggests that urinary
podocalyxin may be one of the most useful tools for the
detection of podocyte detachment. In an earlier study,
increased concentrations of podocalyxin in urine, a podo-
cyte injury marker [20], were reported in various kidney
diseases, indicating the immediate excretion of detached
podocytes into urine. For this reason, it is unlikely that a
large portion of detached podocytes would be retained in
the Bowman’s space of normal nephrons without stagna-
tion. Podocyte detachment is also seen in vesicoureteral
reflux [21] and in cystic glomeruli in renal dysplasia [22].
In addition, recent studies have shown that atubular
glomeruli also occur in various kidney diseases [23]. In our
patient, although atubular glomeruli were not closely ana-
lyzed in consecutive sections, the detection of abundant
detached podocytes within the Bowman’s space may imply
that these glomeruli became atubular or that nephron
obstruction occurred due to interstitial fibrosis and micro-
cystic tubular dilatation. The urinary concentration of
podocalyxin was not increased in our patient suggesting
that nephron obstruction as well as putative reduction of
nephrin may have contributed to the severe non-apoptotic
detachment of podocytes in this patient.

In summary, we report a 38-year-old woman diagnosed with
GS with the unique renal pathological findings of severe non-
apoptotic detachment of podocytes accompanied by a reduc-
tion of nephrin against a background of stagnant nephrons.
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