
Evaluation of Expression of CD44 and Claudin-1 Markers 
by Immunohistochemically Methods in Differentiation 
Between Minimal Change Disease and Focal Segmental 
Glomerulosclerosis 

Introduction
One of the major renal pathologies causing a nephrotic 
syndrome in adults and children is minimal change 
disease (MCD) in which, in contrast to focal segmental 
glomerulosclerosis (FSGS), no glomerulosclerosis 
damage is observed (1). Considering that there are 
similar clinical manifestations in patients with MCD 
and FSGS, the differential diagnosis is usually made by 
trained pathologists in which the absence or presence 
of glomerulosclerosis damages is assessed in glomerular 
podocytes (2,3). Occasionally, it would be difficult to 
differentiate patients with MCD from those afflicted 
with FSGS since biopsy specimens have few glomeruli 
or the disease is still at the early stages of development 
so that histopathological events are not readily detected 
in the samples (4). It was thought that parietal epithelial 
cells (PECs) could not contribute to non-inflammatory 
glomerular diseases (5). Nowadays, it is reported that 

different degrees of epithelial cell hyperplasia have been 
detected in various types of FSGS, and it seems that 
PECs are likely to play a role in activating epithelial cells 
(6). According to recent studies, PECs are implicated 
in the development of glomerulosclerosis. A primary 
glomerular injury causes the activation of the PECs of 
Bowman’s capsule that could lead to phenotypic changes 
in PECs (7). In general, activated PECs have a cubical 
appearance with enlarged nuclei and are surrounded by 
secondary pseudo-membrane (7, 8). It has been shown 
that in a murine model of the disease, the invasion of 
PECs into glomerular podocytes has been highlighted 
during the development of glomerulosclerosis in which 
the activated PECs are precipitated in the tissue matrix 
(4). In human cases, the same phenomena have been 
shown concerning the formation of glomerulosclerosis. 
However, no definitive laboratory evidence has been so 
far reported in similar mouse models, and conclusions 
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are made by immunohistochemical markers (1,9). The 
CD44 marker is the primary receptor for osteopontin and 
hyaluronic acid and is involved in cell migration, cellular 
matrix adhesion, and cell adhesion (9,10). In the activated 
PECs, the re-expression of CD44 has been observed, and 
they could be detected in tissues affected by FSGS, as well 
as Bowman’s capsule and adjacent to cell junctions (4). 
Claudin-1 is also a protein encoded by the human CLDN1 
gene. Further, the claudin-1 marker is a tight junction 
molecule (8,11). In a study in 2006, it was observed that this 
molecule is expressed by PECs inside the glomeruli (12). 
The two markers of CD44 and claudin-1 are inherently 
expressed by PECs that can be fully employed for the 
detection of PECs in cases of their invasive to glomerular 
podocytes (8). In this regard, the current study aimed to 
investigate the expression of CD44 and claudin-1 using 
immunohistochemical methods to differentiate patients 
with MCD from those afflicted with FSGS.

Materials and Methods
Study Design
In this descriptive-analytical study, 60 patients with renal 
diseases referring to Imam Reza hospital affiliated with 
Tabriz University of Medical Sciences and undergoing a 
renal biopsy, were randomly selected and enrolled in the 
study. To determine the sample size, patients were chosen 
via convenience sampling method due to the limited 
number of patients with renal diseases. Patients included 
those being candidates for renal biopsy and treatment-
naïve. The research was conducted in the pathology unit 
of Imam Reza hospital, Tabriz University of Medical 
Sciences. The inclusion criteria were candidates for 
biopsy as a result of kidney diseases, proteinuria caused 
by nephrotic syndrome, and diagnosed with definite 
FSGS, FSGS/MCD spectrum, and definite MCD. On the 
other hand, the exclusion criteria were the inadequacy of 
samples from biopsy, diagnosed with other renal disorders, 
and FSGS specimens with advanced glomerulosclerosis.

Study Procedures
In this study, 20, 20, and 7 patients with definite FSGS, 
FSGS/MCD spectrum, and definite MCD were randomly 
chosen from individuals who referred to Imam Reza 
hospital of the Tabriz University of Medical Sciences and 
underwent biopsy, respectively. The process of sample 
collection was based on the convenience sampling 
technique. The final diagnosis of patients was made 
using light microscopy and immunofluorescence staining 
performed by two expert pathologists. All renal samples 
were evaluated for the presence of the immune complex 

using immunofluorescence microscopy. Two paraffinized 
slides of each sample were selected for the assessment of 
the expression levels of CD44 and claudin-1. The paraffin-
embedded specimens (sectioned at the thickness of 4 µm) 
were deparaffinized and placed in citrate-based antigen 
unmasking solution, preheated to 90-100°C for antigen 
retrieval. The slides were then incubated with primary 
monoclonal antibodies against CD44 and claudin-1. 
These two markers were then probed by Vectastain ABC-
kit (Vector Laboratories, Burlingame, CA) in which 
the peroxidase enzyme uses 3,3’-diaminobenzidine as 
a substrate to visualize the protein bands. The nuclear 
counterstaining was carried out using Mayers hematoxylin 
staining. To investigate the histological changes in 
biopsy samples by the classical diagnostic method, 
some paraffinized specimens were stained with periodic 
acid-Schiff. Samples were separately examined by two 
pathologists after staining procedures. They were referred 
to the third pathologist in the case of divergence between 
the two pathologists. Finally, the positivity of each marker 
was assessed in all three groups of MCD, FSGS, and FSGS/
MCD spectrums.

It should be noted that the gold standard and the degree 
of accuracy in CD44 and claudin-1 staining were defined 
as the minimum staining of tissue samples. At all stages 
of the study, the cases were registered, and the variables 
were collected and recorded as well. Finally, the data were 
analyzed by SPSS software, version 17. The specificity and 
sensitivity of markers were determined by the percentage 
of tissue staining by each marker.

Measured Parameters
The levels of CD44 and claudin-1 markers were measured 
in all experimental groups and collected as preliminary 
data. The principal and specific goals of the study were 
determined based on the above data.

Statistical Analysis 
SPSS software was applied to investigate the obtained 
values. The values are expressed as the frequency and 
percentage.

Results
The results showed that among 20 samples with definite 
FSGS, 13 specimens (65%) were double positive for 
CD44 and claudin-1, 3 samples were only positive for 
claudin-1, and 4 samples were double negative for CD44 
and claudin-1. The percentage of CD44 and claudin-1 
positivity in FSGS specimens is depicted in Table 1.

As shown, the sensitivity and accuracy (specificity) of 
the laudin-1 marker for the diagnosis of FSGS samples 
were higher compared to the CD44 marker. 

As illustrated in Figure 1, the sensitivity of the claudin-1 
marker for the detection of FSGS samples was higher than 
that of the CD44 marker. 

Among 20 specimens diagnosed with FSGS/MCD 

 ► Detection of patient with FSGS
 ► Differentiation of patients with FSGS from patients with 

MCD.
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spectrum, 2 samples (10%) were double positive for CD44 
and claudin-1, 15 samples (75%) were only positive for 
claudin-1, and 3 (15%) specimens were double negative 
for CD44 and claudin-1. Table 2 presents the percentage 
of FSGS/MCD spectrum samples. 

Based on the obtained data, the sensitivity and accuracy 
(specificity) of the claudin-1 marker in the FSGS/MCD 
were more in comparison with the CD44 marker.

As depicted in Figure 2, the sensitivity of the claudin-1 
marker for the detection of the FSGS/MCD spectrum was 
more than that of the CD44 marker.

Among 20 samples obtained from patients diagnosed 
with definite MCD, all specimens were negative for 
claudin-1 while the entire samples were negative for 
CD44 . The percentage of positive samples for each of the 
two markers is presented in Table 3. As shown in Table 3, 
the sensitivity and accuracy (specificity) of the claudin-1 
marker were more than those of the CD44 marker for the 
detection of MCD samples.

Based on Figure 1, the sensitivity of the claudin-1 marker 
was higher than that of the CD44 marker regarding the 
detection of MCD samples.

Discussion
The results of the study demonstrated that among 20 
samples diagnosed with FSGS, 13 specimens (65%) were 
double positive for CD44 and claudin-1, 3 samples (15%) 
were only positive for claudin-1, and 4 specimens (20%) 
were double negative for both CD44 and claudin-1. Hence, 
the sensitivity and specificity of the claudin-1 marker were 
considerably higher for the diagnosis of FSGS compared 

to the CD44 marker. Among 20 samples diagnosed with 
the FSGS/MCD spectrum, 2 specimens (10%) were 
double positive for CD44 and claudin-1, 15 samples (75%) 
were only positive only for claudin-1, and 3 specimens 
(15%) were double negative for both CD44 and claudin-1. 
Therefore, the sensitivity and specificity of the claudin-1 
marker were markedly higher for the diagnosis of the 
FSGS/MCD spectrum in comparison with the marker 
of CD44. Additionally, among 20 specimens diagnosed 
with MCD, all samples were negative for claudin-1 while 
they were all negative for CD44. Thus, the sensitivity and 
specificity of the claudin-1 marker were significantly 
higher for the diagnosis of MCD when compared to the 
CD44 marker.

During the 1970s and 1980s, membranous nephropathy 
followed by MCD and FSGS syndrome were the most 
common causes of nephrotic syndrome. However, there 
has been an increase in the prevalence of FSGS and MCD in 
recent years so that primary or idiopathic FSGS syndrome 
in adults and children is one of the leading causes of 
nephrotic syndrome with a high risk of progression to 
end-stage renal disease (1-3). FSGS is characterized by 
the presence of mesangial sclerosis, hypertrophy, and the 

Table 1. Diagnostic Parameters of CD44 and Claudin-1 Markers in FSGS 
Samples

Diagnostic Parameters of Markers Claudin-1 CD44

Sensitivity 80% 65%

Accuracy 0.8 0.65

FSGS: Focal segmental glomerulosclerosis; Data is reported as percentage 
(sensitivity) or rate (diagnostic accuracy).

Table 2. Diagnostic Parameters of CD44 and Claudin-1 Markers in FSGS/ 
MCD Spectrum

Diagnostic Parameters of Markers Claudin-1 CD44

Sensitivity 85% 10%

Accuracy 0.85 0.1

FSGS: Focal segmental glomerulosclerosis; Data is reported as percentage 
(sensitivity) or rate (diagnostic accuracy).

Table 3. Diagnostic Parameters of CD44 and Claudin-1 Markers in MCD 
Samples

Diagnostic Parameters of Markers Claudin-1 CD44

Sensitivity 0% 0%

Accuracy 0 0

FSGS: Focal segmental glomerulosclerosis; Data is reported as percentage 
(sensitivity) or rate (diagnostic accuracy).
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Figure 1. Diagnostic Parameters CD44 and Claudin-1 in FSGS Specimens. 
Note. FSGS: Focal segmental glomerulosclerosis.

Figure 2. Diagnostic Parameters CD44 and Claudin-1 in FSGS/MCD 
Specimens. Note. FSGS: Focal segmental glomerulosclerosis.
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hyperplasia of epithelial cells, as well as the destruction 
of glomerular capillaries and connections between 
glomeruli and Bowman’s capsule (2). Due to similar 
clinical manifestations presented in MCD and FSGS, 
the differential diagnosis between these two disorders is 
highly important and made by pathologists, and numerous 
studies have been so far conducted to help differentiate 
between patients with MCD and FSGS. Considering the 
development of the use of immunohistochemical markers 
in laboratory studies, the present study examined the 
sensitivity of CD44 and claudin-1 markers in patients 
with definite FSGS, FSGS/MCD spectrum, and definite 
MCD. In the present study, all patients were selected from 
among newly diagnosed patients who were treatment-
naive in order to eliminate confounding factors. Both of 
these markers were studied in all three groups (13). In 
this regard, Enck et al also investigated claudin-2 in the 
renal nephron of mice. In this study, in situ hybridization 
and immunohistochemistry were used by including 
polyclonal antibodies against the COOH terminal of the 
protein. Claudin-2 and its cognate mRNA were found 
throughout the proximal tubule, and the segment of the 
thin descending limb of Henle’s loop in the contiguous 
early. The level of claudin-2 expression indicated an axial 
increase from proximal to distal segments. Eventually, 
the findings of this study showed that claudin-2 is an 
element belonging to the para-cellular pathway of the 
most proximal segments of nephrons (13). The results of 
Enck et al suggested the fidelity of immunohistochemical 
markers in pathologic diagnosis. In another study, Gong 
et al examined the claudin-1 protein in glomerular 
podocytes using a transgenic murine model (13, 14). 
They produced a claudin-1 transgenic mouse model with 
doxycycline-inducible transgene expression, specifically 
in the glomerular podocytes. The other transgenic 
mouse line (i.e., TRE-CLDN1) encoding the full-length 
mouse claudin-1 cDNA was used as a control group. A 
significant expression of the claudin-1 protein could be 
evident within the glomerular tuft in transgenic mice that 
received doxycycline for four weeks while the expression 
of claudin-1 in PECs remained similar when compared 
with the control mice (13,14).

In this context, Fatima et al studied whether the activated 
PECs increase in the early recurrence of FSGS in patients 
undergoing kidney transplantation. CD44 staining was 
conducted in renal allograft biopsies that were obtained 
from twelve patients diagnosed with recurrent FSGS, and 
then they were compared with native kidneys with MCD 
or FSGS and normal control native and transplant kidneys 
without FSGS. The epithelial cells expressing CD44 were 
evaluated throughout the Bowman’s capsule (15). They 
showed a marked increase in CD44+ visceral epithelial 
cells involving 29.0% vs. 2.6% of glomeruli in MCD and 
0% in non-FSGS transplants. They also demonstrated 
that CD44 positivity in parietal locations substantially 
increased in recurrent FSGS. In other transplant biopsies, 

glomeruli possessing segmental lesions represented 
higher CD44 positivity in visceral epithelial cells 
compared with glomeruli without lesions. In the present 
study, the percentage of CD44 positivity in FSGS samples 
was reported 65% while none of the specimens in MCD 
samples expressed CD44, which is in agreement with the 
results of Fatima et al (15).

In another study, Smeets et al examined the activated 
PECs of the glomerular tissue in FSGS and MCD 
specimens. In this study, they collected 95 renal biopsies 
from patients with nephrotic syndrome. Then, the obtained 
samples were stained with antibodies against claudin-1 (as 
a marker of PECs), CD44 (as a marker of activated PECs), 
and LKIV69 (as a marker of the PEC matrix). Among the 
recruited patients, 38 and 57 cases were diagnosed as early 
primary FSGS and MCD, respectively. They showed that 
87% of the obtained biopsies from patients diagnosed as 
primary FSGS were positive for the PEC marker expressed 
on the tuft. Their findings indicated that PEC markers 
were trackable in FSGS lesions as of the earliest stages of 
the disease (4). In MCD, no PEC activation was detected 
by immunohistochemistry. However, the existence of 
small lesions denoting the glomerular sclerotic process 
was noticeable in 25% of biopsies that were initially 
diagnosed as MCD. The authors indicated that such small 
lesions were indiscernible on standard periodic acid-Schiff 
staining. Finally, Seemts et al found that LKIV69 is capable 
of detecting lesions with the highest sensitivity, which is 
in line with the findings of Fatima et al and those of our 
research. In the present study, claudin-1 was positive in 
80% of FSGS cases, similar to that of Smeets et al (4).

In another study, Froes et al evaluated the role of the CD44 
marker in patients with FSGS. In this retrospective study, 
they enrolled 26 patients with FSGS who underwent renal 
biopsy between 1985 and 2010. Immunohistochemistry 
for the expression of CD44 was carried out in all patients. 
Then, they divided patients into two groups according to 
whether they were positive or negative for CD44 in PECs. 
They found a decrease in the baseline estimated glomerular 
filtration rate (eGFR) of 50% or more. Compared with 
PEC CD44-negative patients (n = 18), PECs derived from 
CD44-positive patients (n = 8) exhibited lower baseline 
values of eGFR and a significant reduction in eGFR. 
Based on their findings, the rate of CD44 expression on 
PECs was significantly associated with a decrease in the 
baseline eGFR of 50% or more. Renal survival markedly 
diminished in the PECs of patients who were positive for 
CD44 (3.8 in comparison with 14.6 years). In the present 
study, CD44 was positive in 65% of patients with FSGS 
(16).

Regarding the limited time of our study, the association 
between CD44 expression and survival /prognosis was not 
feasible, but according to Froes et al, FSGS patients who 
had a less survival rate and poorer prognosis compared 
with negative CD44 patients. Regarding the study 
conducted by Fatima et al, PECs increased prematurely 
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in FSGS compared with MCD. The results of the study 
by Fatima et al had the most similarities with the present 
research, indicating a significant increase in the expression 
of CD44 in FSGS samples compared with those with 
MCD. The results of this study are most closely related to 
those of Smeets et al, concerning the degree of the positive 
expression of claudin-1 in FSGS specimens (4,15).

In general, most studies performed on the evaluation 
of immunohistochemical markers in various diseases 
addressed the feasibility of using these markers. However, 
discrepancies in the obtained results from different 
studies might be owing to the difference in the selection 
of samples, the way of choosing the statistical target 
population, and the intrinsic difference in the samples. 
Due to the lack of a study in our geographical region and 
the northwestern part of Iran investigating the presence 
of CD44 and claudin-1 markers in patients with FSGS 
and MCD, a direct comparison of the results of our study 
with other research would not be possible, and further 
studies are needed to elucidate this issue. According to the 
results of the current study and similar investigations, the 
rate of CD44 positivity was substantially higher in FSGS 
specimens in comparison with MCD samples whereas 
the number of specimens positive for claudin-1 was 
significantly higher in MCD samples compared to FSGS 
samples. 

Finally, due to the significance of the application of 
immunohistochemical markers and the need for increased 
diagnostic accuracy and ease of diagnosis, as well as the 
clinical importance and the lack of consensus agreement 
in medical reference books, further studies are essential 
for understanding how these markers contribute to the 
pathogenesis of FSGS and MCD.

Conclusions
In the present study, CD44 and claudin-1 were 
immunohistochemically applied to differentiate FSGS 
from MCD. Among the collected specimens, 65% of cases 
were diagnosed with FSGS, and 10% of samples diagnosed 
with the FSGS/MCD spectrum were positive for CD44 
whereas none of the samples were positive for this marker. 
On the other hand, 80% of FSGS samples, 85% of FSGS/
MCD spectrum, 100% of MCD samples were negative for 
claudin-1. Therefore, according to the results of this study, 
claudin-1 is a valuable carrier in FSGS, but more studies 
are necessary in this field.
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