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Abstract

Introduction: Minimal change disease (MCD) and primary
focal segmental glomerulosclerosis (FSGS) are representa-
tive podocyte diseases. The clinical cause of MCD and FSGS
has not been clearly elucidated yet. However, it is important
to distinguish MCD and FSGS because their prognoses and
responses to treatment are quite different. Objective: This
study aimed to examine whether parietal epithelial cell (PEC)
marker and repeat biopsy are useful for diagnosing primary
FSGS. Methods: Clinicopathological features of 17 patients
with the nephrotic syndrome, who underwent kidney biop-
sy >2 times from 1975 to 2017, and had MCD or FSGS were
analyzed using PAX8. We defined patients with PAX8+ cells
as PAX8+ and the remainder as PAX8- patients. Three cases
of sample insufficiency and 1 non-steroid-resistant or fre-
quently relapsing case indicated for repeat biopsy were ex-

cluded. Results: Among the 13 patients studied, 4 were
PAX8+ and 9 were PAX8- (median age: 41 and 46 years,
respectively, at first biopsy). PAX8+ and PAX8- patients
showed no significant differences in clinical data and histo-
logical diagnosis except for a significant difference in histo-
logical diagnosis at the second biopsy. The number of PAX8+
patients increased to 6. Unlike the first biopsy results, FSGS
was present in 5 of 6 (83.3%) PAX8+ patients; MCD occurred
in all 7 (100%) PAX8- patients. Three of 6 (50.0%) PAX8+ pa-
tients undergoing repeat biopsy were steroid resistant; no
(0%) PAX8- patient was steroid resistant. All cases of final
FSGS diagnosis were PAX8+ at the first or second biopsy.
Only 1 PAX8+ MCD patient was steroid resistant. All PAX8-
MCD patients were frequently relapsing. Conclusions: More
PAX8+ patients were diagnosed with FSGS than PAX8- pa-
tients. Clinical presentation of MCD in PAX8- patients was
frequently relapsing. PEC marker staining in patients with
the nephrotic syndrome, e.g., MCD, may help to diagnose
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Introduction

Minimal change disease (MCD) and primary focal
segmental glomerulosclerosis (FSGS) are representative
podocyte diseases [1]. MCD and primary FSGS present
clinically as acute-onset nephrotic syndrome. In addition,
the clinical causes of MCD and FSGS are often ambigu-
ous. However, it is important to distinguish MCD and
FSGS because they have different prognoses and respond
differently to treatment.

The morphological difference between MCD and
FSGS is the presence of segmental sclerotic lesions in light
microscopy. Thus, whether a case is MCD or FSGS is dif-
ficult to diagnose if kidney specimens are scarce. In addi-
tion, sclerotic lesions characteristic of FSGS are more
commonly found in the corticomedullary area [1, 2].

Differentiating MCD from FSGS is often difficult if the
specimen is not sampled from the kidney core region.
Therefore, we sometimes considered performing repeat
biopsy when we suspected FSGS even if the first biopsy
indicated MCD. In an experiment of collapsing FSGS, pa-
rietal epithelial cells (PEC) increased with podocyte loss
[3,4]. PEC activation markers are increased in early FSGS
recurrence during transplantation [5]. Recently, detec-
tion of activated PEC on the glomerular tuft was reported
useful to distinguish early FSGS from MCD in humans
[6]. However, it is uncertain whether patients with acti-
vated PEC for early FSGS and MCD should be diagnosed
with FSGS because early FSGS did not show the classical
sclerotic lesions, that is, disappearance of cells (endothe-
lial cells and podocytes) and increase in extracellular ma-
trix. Thus, this study aimed to examine whether a PEC
marker is useful for diagnosing FSGS and whether a pa-
tient with the nephrotic syndrome and PEC marker
(PAXS) presented FSGS lesion by repeat biopsy.

Materials and Methods

Patients

We conducted a cross-sectional, retrospective study at a single
center. The subjects were 17 patients with MCD or FSGS with
the nephrotic syndrome, who underwent kidney biopsy 22 times
from January 1, 1975, to July 31, 2017. Cases of sample insuffi-
ciency (<5 glomeruli; n = 3) and those indicated for repeat biopsy
who were not steroid resistant or frequently relapsing (n = 1), were
excluded, leaving a total of 13 patients. Transplant patients were
also excluded. A steroid-resistant case is defined as a case in which
a sufficient dose of steroid treatment fails to achieve complete re-
mission or incomplete remission 1 month after the initiation of
treatment, and a frequently relapsing case is defined as >2 relapse
events within 6 months [7].
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Clinical data and reasons of repeat biopsy were obtained from
electronic medical records and paper charts. The first and second
biopsies of the PAX8+ and PAX8- groups were compared. The
reasons for repeat biopsy were being steroid resistant or frequent-
ly relapsing.

Pathological Evaluations

For light microscopy, samples were stained with hematoxylin
and eosin (HE), periodic acid-Schiff (PAS), Masson’s trichrome
(MT), and Jones’ methenamine silver (PAM). Paraffin-embedded
material was sectioned at 2-3 pum for HE, PAS, and MT staining.
For PAM staining, thin sections (1 pm) were used. A renal pathol-
ogist and nephrologist provided the diagnosis of either MCD or
FSGS based on the staining results. Polyclonal PAX8 antibody
(Proteintech, dilution 1:50, catalog 10336-1-AP) was used to eval-
uate activated PEC from paraffin sections. The experiments were
carried out as we previously described [4]. The number of PAX8-
stained cells in the nucleus was counted.

Statistical Analysis

Continuous variables are presented as medians with interquar-
tile range (IQR [25th-75th percentile]). Categorical variables are
presented as numbers and percentages. All values were expressed
as means * SD or medians plus IQR. Statistical significance was set
at p < 0.05. Patient groups were compared by Student’s ¢ test and
Pearson’s X* test. Statistical analyses were performed with JMP
11.0.0 (SAS Institute Inc., Cary, NC, USA).

Results

Figure 1 shows a light-microscopic image. Early FSGS
at the first biopsy is shown in Figure 1a. This segmental
lesion constricted the capillary lumen indicating endo-
theliosis, with slight proliferation of the epithelial cell
around the lesions. However, this lesion is not clearly
found to have sclerosis, which suggests the difficulty in
diagnosing FSGS based on the appearance of the glo-
merulus. In fact, we diagnosed MCD at the first biopsy.
PAXS8+ cells proliferated at the tip site (Columbia classi-
fication, tip variant) in another glomerulus (Fig. 1b).
Then, at the second biopsy, we found segmental sclerotic
lesions in the representative glomerulus (Fig. 1¢). More-
over, PAX8+ cells proliferated in the sclerotic lesion
(Fig. 1d). Thus, we have only evaluated PAX8+ cell and
sclerotic lesions during the repeat biopsy.

The clinical characteristics of the patients at the first
biopsy are shown in Table 1. All clinical presentations of
the population in our cohort are those of the nephrotic
syndrome with edema. For the initial treatment of the ne-
phrotic syndrome, all patients were on glucocorticoids
(oral prednisolone 0.8-1.0 mg/kg with or without intra-
venous methylprednisolone 0.5 or 1 g per day for 3 days
as steroid pulse therapy). We did not have a treatment
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Fig. 1. Kidney biopsy specimen. a PAS
staining of glomeruli shows segmental ad-
hesion and mild epithelial cell hyperplasia
at the first biopsy. b PAXS staining of the
glomeruli with no sclerosis shows hyper-
plasia of positive epithelial cells at the tubu-
lar pole (red arrow). ¢ PAS staining of the
glomeruli shows segmental sclerosis at the
second biopsy. d PAX8 staining of the
glomeruli shows infiltration of positive
cells at sclerotic lesion (red arrow).

Table 1. Baseline characteristics at the first

biopsy PAX8+ (n=4) PAX8-(n=9) pvalue
Males, n (%) 3 (75.0) 7 (77.8) 0.91
Medians (IQR)
Age, years 41 (25-67) 46 (27-57) 0.53
Serum creatinine, mg/dL 1.15(0.96-2.05) 1.20(0.85-135)  0.47
Serum albumin, g/dL 2.3 (1.8-3.1) 2.0 (1.9-2.6) 0.66
Serum total cholesterol, mg/dL 386 (269-503) 406 (287-524)  0.72
Duration until repeat biopsy, months 18 (13-49) 26 (9-84) 0.48

protocol for immunosuppressive agents (e.g., calcineurin
inhibitor). Among 13 patients, 4 were PAX8+ and 9 pa-
tients were PAX8-. The median age of the patients was 41
and 46 years, respectively, at the first biopsy. Moreover,
no differences were found between PAX8+ and PAX8-
patients regarding other clinical data (sex, renal function,
serum albumin, and serum total cholesterol) and dura-
tion to the second biopsy.

Histological diagnoses and evaluation of PAX8+ cells
at the first biopsy are summarized in Table 2. Most of the
PAX8- patients had a histological diagnosis of MCD
(88.9%), but no differences were found in the histological
diagnosis and repeat biopsy reasons between the PAX8+
and PAX8- groups. Further, results of the second biopsy

MCD and FSGS Using Repeat Biopsy and
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are shown in Table 3. The number of PAX8+ patients in-
creased from 4 to 6. Unlike the results of the first biopsy,
a significant difference was found in the histological di-
agnosis at the second biopsy. Of the 6 PAX8+ patients, 5
(83.3%) had FSGS, whereas all PAX8- patients had MCD
(717, 100%). Regarding the Columbia classification of
FSGS, 1 had a tip variant, and 5 were not otherwise spec-
ified. As regards the reason for repeat biopsy, a significant
difference was found between PAX8+ and PAX8- pa-
tients. Among the 6 PAX8+ patients, 3 (50.0%) were ste-
roid resistant, but no PAX8- patient was steroid resistant
(0%). In addition, the rate of PAX8+ glomeruli (8.8%) at
the second biopsy was higher than that at the first biopsy
(4.1%) (Tables 2, 3).
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Table 2. Histological characteristics and reason for repeat biopsy at the first kidney biopsy (1st KBx)

PAX8+ PAX8- p value
(n=4) (n=9)
MCD at 1st KBx, 1 (%) 3 (75.0) 8 (88.9)
FSGS at 1st KBx, n (%) 1(25.0) 1(11.1) 0.52
Median number of glomeruli at 1st KBx (IQR) 23 (13-45) 17 (12-28) 0.15
PAX8+ glomeruli/all glomeruli (SD), % 7.4 (4.1) 0(0)
Reason for repeat biopsy, 1 (%)
Frequently relapsing 3(75.0) 7 (77.8)
Steroid resistant 1(25.0) 2(22.2) 0.91

Table 3. Histological characteristics and reason for repeat biopsy at the second kidney biopsy (2nd KBx)

PAX8+ PAX8- p value
(n=6) (n=7)
MCD at 2nd KBx, 1 (%) 1(16.7) 7 (100)
FSGS at 2nd KBx, 1 (%) 5(83.3) 0(0) <0.01
Median number of glomeruli at 2nd KBx (IQR) 20 (13-22) 12 (9-25) 0.19
PAX8+ glomeruli/all glomeruli (SD), % 9.0 (8.8) 0(0)
Reason for repeat biopsy, n (%)
Frequently relapsing 3 (50.0) 7 (100)
Steroid resistant 3 (50.0) 0(0) 0.03

Finally, we examined the change in the histological di-
agnosis based on the reason for repeat biopsy, which
ranged from being frequently relapsing to being steroid
resistant (Table 4). Patients with a final diagnosis of FSGS
were PAX8+ at the first or second biopsy. Further, 3 of 10
patients who were frequently relapsing had FSGS. In ad-
dition, 2 of 10 patients diagnosed with MCD were found
to have FSGS among patients who had frequently relaps-
ing symptoms. Thus, 2 of 3 PAX8+ patients who had
MCD at the first biopsy were considered to have FSGS.
Only 1 MCD patient was PAX8+, but the reason of the
repeat biopsy was the steroid-resistant status. MCD pa-
tients who were PAX8- were all frequently relapsing.

Discussion

In this study, we report a cohort of 13 MCD or FSGS
patients whose diagnoses were based on PEC marker and
repeat biopsy results. Our study has 2 novel insights. First,
we could not observe FSGS lesions at the first biopsy in
patients with PAX8+ nephrotic syndrome, but the second
biopsy could have confirmed FSGS. Second, PAX8- MCD
cases were all frequently relapsing at the second biopsy.
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Table 4. Histological change from the first to the second kidney
biopsy

Diagnostic change Frequently Steroid resistant,

(1st — 2nd KBx) relapsing, n (n=10) n(n=23)

MCD - MCD 7 (PAX-8-) 1 (PAX-8+)
FSGS — FSGS 1 (PAX-8+) 1 (PAX-8+)
MCD - FSGS 2 (PAX-8+) 1 (PAX-8+)

PAXB8+, first biopsy or second biopsy.

MCD and FSGS are known nephrotic syndromes.
Some circulating factors were considered one of the
causes of primary FSGS [8]. Serum soluble urokinase-
type plasminogen activator receptor was cited as a power-
ful candidate indicating primary FSGS [9]. However, cir-
culating factors were clearly unknown yet. Therefore, to
make a diagnosis of MCD or FSGS, kidney biopsy is nec-
essary. Some MCDs, especially its tip lesion, will shift to
FSGS [10]. However, it is difficult to judge whether there
was a change from MCD to FSGS or whether it was FSGS
from the beginning based on a single kidney biopsy. Ah-
mad and Tejani [11] reported that 14 of 49 patients with
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childhood MCD were found to have FSGS during repeat
biopsy. However, this study had not examined PEC mark-
ers, and in some of the 14 individuals FSGS was possibly
missed in the first biopsy due to a sampling error or early-
stage FSGS. In our study, we observed the transition in
the diagnosis from MCD to FSGS in 2 of 3 PAX8+ pa-
tients on repeat biopsy. Further, 5 of 6 PAX8+ patients
had FSGS. Considering our results, we were possibly not
able to provide the most appropriate diagnosis because of
possible sampling error or early-stage FSGS lesions.

Clinical presentation is important in the management
of the nephrotic syndrome. Clinical presentations are cat-
egorized into frequently relapsing and steroid sensitive,
for example. In general, we recognized that MCD was fre-
quently relapsing, and FSGS has steroid-resistant presen-
tation. In a previous study of 85 children with steroid-
sensitive nephrotic syndrome, 1 had FSGS [12]. In addi-
tion, relapse is not an indication for biopsy because
steroid sensitivity is more important than histology, and
it is the major determinant of prognosis in the childhood
nephrotic syndrome [13]. However, these data are scarce
in adults. In our study, 3 of 10 patients with frequently
relapsing disease had FSGS (30%). These data might be
impressive for clinicians. Considering the examination of
the PEC marker, all PAX8- patients with frequently
relapsing presentations had MCD. In addition, 5 of 6
PAXS8+ patientshad FSGS. Further, the remaining PAX8+
patient was steroid resistant. In our adult patients, PAX
positivity is possibly associated with FSGS and steroid re-
sistance.

Our results have 2 clinical implications. First, our
study suggests performing repeat biopsy. When the clini-
cian is suspicious regarding the MCD diagnosis, they
should consider a repeat biopsy, especially in steroid-re-
sistant cases. However, our study showed that 3 of 10
(30%) frequently relapsing patients had FSGS. In general,
the complications of a percutaneous renal biopsy are
scarce (approximately 1%) in adults and elderly [14, 15].
However, this rate was not low in medical procedures for
internal medicine. If we use a PEC marker for the MCD-
suspected nephrotic syndrome, the frequency of repeat
biopsy may be reduced. Second, the treatment should be
associated with the results of the accurate histological di-
agnosis. Recently, 2 studies reported about the effective-
ness of rituximab for childhood-onset frequently relaps-
ing nephrotic syndrome (mainly MCD) and childhood-
and adult-onset steroid-dependent nephrotic syndrome
[16, 17]. On the contrary, the treatment of FSGS, which
was often refractory, varied, and the effectiveness of ritux-
imab in FSGS was controversial [18]. Thus, an adrenocor-
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ticotropic hormone gel was recommended, which might
be effective for refractory FSGS [19]. Based on our find-
ings, following a diagnosis of MCD or FSGS confirmed
using PEC marker with 1 kidney biopsy, we may be able
to decide on the appropriate treatment at an early stage.
Nevertheless, our study has several limitations. First, it
was a single-center, retrospective, case-cohort study in
which strategic bias, especially for the indication of kidney
biopsy, may have existed. Our institution has strict guide-
lines for repeat biopsy. Therefore, the actual number of
PAX8+ MCD cases may be actually higher than we have
reported. Smeets et al. [6] reported that 14 of 57 single bi-
opsies (25%) had MCD with PEC+ marker. Second, we
did not confirm that PAXS is the only PEC marker feasi-
ble. However, we chose PAX8 because PAX8 is a cell nu-
cleolar marker and sensitive to active PEC. Third, our
study did not include an adequate sample size, and data
were missing (e.g., proteinuria). Moreover, we consider
no difference in proteinuria between both groups because
no differences in serum albumin were found. Fourth, our
study did not indicate the effect of treatment. As a long-
term study with involvement of many nephrologists,
treatment strategy varied. It has been reported that early
relapse of FSGS after transplantation is not associated
with FSGS lesions [20]. In vitro, corticosteroids prevent
podocyte apoptosis induced by puromycin, an antibiotic
that causes the nephrotic syndrome [21]. However, trans-
plant patients were not included in our study. In addition,
our initial treatment was the same as that long ago in Japan
(oral glucocorticoids with steroid pulse therapy). There-
fore, there may have been little influence of treatment.

Conclusion

We confirmed the diagnosis of MCD or FSGS using
results of repeat biopsy and PAX8, a PEC marker. We ob-
served that more PAX8+ patients were finally diagnosed
with FSGS than PAX8- patients. Considering our results,
PEC marker staining in patients with the nephrotic syn-
drome, e.g., MCD, may help to diagnose FSGS. In addi-
tion, the diagnosis based on PEC marker evaluation may
be useful in the selection of initial treatment for the ne-
phrotic syndrome.
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